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A STUDY OF POST-WELD LASER CLEANING ON 304 STAINLESS STEEL  
Khanittha Sawaddee,1,* Phumiphat Kittiboonanan,4  Polsin Taechamaneesatit,4 Phil Marinier, 
2,3 Amarin Ratanavis1,3 
1Department of Industrial Physics and Medical Instrumentation, Faculty of Applied Science, 
2International College, 
3Lasers and Optics Research Center, Science and Technology Research Institute, King 
Mongkut’s University of Technology North Bangkok 
4Pondpol Group of Companies 
*e-mail: khanittha.sawaddee@gmail.com 
 
Abstract: 
Post-weld laser cleaning on 304 stainless steel is demonstrated by using a pulse fiber laser 
operating at 1064 nm with pulse duration of 100 ns. The laser fluences were varied to 
examine the performance of the laser cleaning. Laser fluences between 0.88 J/cm2 and 3.5 
J/cm2 can remove oxides and contaminants. A laser surface structuring process was observed 
at laser fluences higher than 3.5 J/cm2.  
 
Introduction: 
Laser cleaning for industry applications is well known as a promising technological advance 
that is capable to improve production output.1 Laser systems offer an advantage that can be 
integrated into production lines. Laser cleaning can be considered as an alternative to the 
traditional cleaning methods such as mechanical cleaning and the use of chemical solvents, 
reducing the cost and minimizing environmental impact of toxic or hazardous materials.2 
Laser cleaning can therefore facilitate the reuse of products or materials, which has additional 
beneficial environmental implications.  

Laser cleaning in welding applications has been an area of interest.3,4 The pre-weld 
laser cleaning is a promising process to achieve excellent welding quality.5 This pre-weld 
cleaning process eliminates contamination that would result in the formation of porosities in 
the welds.6  

During the welding process, an oxide layer and surface contaminants are produced.7 
These can introduce problems with coating adhesion for painted parts.8,9 Therefore, a post-
weld laser cleaning can be an excellent candidate to provide the surface preparation. 

This work reports our study in laser cleaning of a post-welding surface, 304 stainless 
steel, using a nanosecond pulse laser. The 304 stainless steel is widely used in industrial, 
household, equipment production, and architectural paneling applications.10 This study aims 
to investigate the laser fluences and laser pulse repetition rates that will be suitable for laser 
removal of the oxide layer and contaminants generated by the Metal Inert Gas welding (MIG) 
process.  
 
Methodology: 
Samples of 304 stainless steel with dimensions of 1 cm x 2 cm x 0.1 cm (thickness) are 
welded together by MIG welding. MIG welding uses Carbon Dioxide (CO2) gas as shielding. 
Figure 1. shows the experimental setup with welded samples. The post-weld samples are 
then cleaned using a fiber laser system, cleanLASER, CL50 model. This laser system 
provides a laser wavelength of 1064 nm with a laser pulse duration of 100 ns. The laser 
powers are varied from 10-50 W. The laser repetition rates are varied between 50 and 200 
kHz. The images of the sample surface were recorded using an optical microscope and a 
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Scanning Electron Microscope (SEM) both before and after laser treatment. It should be 
mentioned that the laser treatments were performed with a suction unit consisting of High 
Efficiency Particulate Air (HEPA) and carbon filters.  

 
       

Before 
 

 

 
After 

 
 
   
                        Figure 1.              Figure 2. 
                 Experimental setup Images of the welds before and after the 

laser cleaning process with a laser repetition 
rate of 200 kHz at different power settings 
resulting in various fluences.  

 
Results and Discussion: 
Figure 2. shows images of welded samples before and after laser treatment. Surface cleaning 
by laser was successful at all investigated laser powers and repetition rates. As an example, 
the laser repetition rate of 200 kHz can clearly be seen to remove the surface oxides and 
contaminants from the welded sample surface, even at the lowest tested laser fluence       
(0.88 J/cm2). 
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Figure 3. 
SEM images of the welds before and after the laser cleaning process with varying 

laser repetition rates. 
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The laser cleaned surfaces were further examined using a SEM to investigate the 
surface characteristics after cleaning. For high laser fluence, starting at around 4.4 J/cm2, the 
laser treatment not only cleans the surface of any deposits, but it also can be observed to 
create surface structures, as can be clearly seen in SEM images as shown in Figure 3. Laser 
fluences below 3.5 J/cm2 can be used to clean welded surfaces without the appearance of 
surface texturing. However, when the laser fluences become more than 3.5 J/cm2, regular 
surface roughness becomes apparent. As the fluence increases, and the energy per pulse 
increases proportionally, the appearance of the surface structure changes, to a more irregular 
pattern. This irregular surface structure can most clearly be seen in Figure 3. (a) at 17.60 
J/cm2. The explanation for the 3.5 J/cm2 fluence threshold, and for the change in appearance 
of the surface structures at higher fluences, is most likely related to the heat capacity and heat 
conductance of 304 stainless steel. These results suggest that fluences below the 3.5 J/cm2 
threshold do not transfer enough energy to the steel to exceed the heat capacity locally. Since 
the heat conductance of steel is high, that energy is most likely able to dissipate sufficiently 
before the next pulse. However, at higher fluences, the energy transfer is higher than the local 
heat capacity and eventually also exceeds the ability of the steel to conduct the heat away 
from the vicinity of the laser pulse. This build-up of heat can possibly explain the existence 
of the surface structures, as well as the change to a more irregular appearance of the surface 
structures at the highest fluences. If the metal reaches high enough temperatures, it will melt 
and run. Phase change or temper change effects of the steel may also contribute to the type of 
structures that form at different fluences. 

The laser cleaning at low fluences will be suitable for applications that rely on a 
smooth surface finish.11 However, when the laser surface structuring begins to dominate the 
laser cleaning at high laser fluences, the surface structuring results can be useful for 
applications related to adhesive purposes.12 Difference fluences will result in different surface 
structures that may be appropriate as a method of surface preparation for different types of 
coatings. 
 
Conclusion: 
Laser cleaning of post weld samples (304 stainless steel) was demonstrated using a pulse 
fiber laser operating at the wavelength of 1064 nm. The laser fluences are varied by changing 
the laser powers and laser repetition rates. The laser cleaning can be achieved at the fluences 
below 3.5 J/cm2. Above this fluence, laser structuring will be introduced onto the cleaned 
surface, causing different types and patterns of surface structures.  
 
Acknowledgements: 
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4



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

 
 
References: 
 
1. Razab M, Noor A, Jafar M, et al. Journal of radiation research and applied sciences. 

2018; 11.4: 393-402. 
2.   Zhou K, Sang S, Wang C, et al. Journal of Physics: Conference Series. IOP 

Publishing. 2022; 012075. 
3.   Wei P, Chen Z, Wang D, et al. Materials Letters. 2021; 291: 129549. 
4  Kim J, Kim P, Lee J, et al. Applied Sciences. 2021; 11.24: 11832. 
5.   Zhub L, Sun B, Li Z, et al. Welding in the World. 2020; 64: 1715-1723. 
6.   Deng J, Zhao G, Lei J, et al. Materials. 2022; 15.16: 5469. 
7.   Shia T, Wanga C, Mia G, et al. Journal of Manufacturing Processes. 2019; 42: 60-66. 
8.   Shamsujjoha M, Agnew S, Melia M, et al. Surface and Coatings Technology. 2015; 

281: 193-205. 
9  Yoo H, Park H, Kim J, et al. Optics & Laser Technology. 2023; 163: 109434. 
10.  Li X, Wang D, Gao J, et al. Materials. 2020; 13.23: 5363. 
11. Hirmaz M. International Journal of Scientific & Engineering Research. 2019; 10.7: 

1065-1073. 
12.  Li X, Huang T, Chong A, et al. Opto-electronic engineering. 2017; 44.3: 340-344. 
 

5



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

A TONER-PRINT REMOVAL FROM PAPER USING LONG PULSED LASERS 
Kanokwan Homdee,1,* Phil Marinier,2,3 Amarin Ratanavis1,2 
1Department of Industrial Physics and Medical Instrumentation, Faculty of Applied Science, 
2Lasers and Optics Research Center, Science and Technology Research Institute, 
3International College, King Mongkut’s University of Technology North Bangkok, Thailand 
*e-mail: Chong.Kanokwan@gmail.com 

 
Abstract: 
In this study, the use of long pulsed laser radiation at 1064 nm and 1320 nm with pulse 
widths of 5 to 40 ms was investigated to remove black printer toner from the surface of paper. 
The laser wavelength of 1064 nm was seen to be more efficient for the removal process than 
the wavelength of 1320 nm due to its higher absorption. The shortest pulse width of 5 ms was 
most effective across all investigated fluencies. Approximately 70% reduction of black color 
was achieved; however, a yellow-brown discoloration is observable on the paper, especially 
at higher fluences, due to the photo-thermal effect. 

 
Introduction: 
As the world attempts to move away from using plastic, paper products are become more 
popular. Paper is able to naturally decompose and so has less environmental impact than 
plastic, which is not considered to be biodegradable. However, as the use of wood products 
has increased steadily through the recent decades, there has been a corresponding increase in 
environmental impact from deforestation.1,2 Sustainable use of wood requires proper forest 
management so that the trees have enough time to grow to maturity. Paper production from 
wood also requires a lot of energy, creating further environmental impact.3,4 In fact, the pulp 
and paper industry is ranked as the fourth largest industrial energy user globally, accounting 
for approximately 6% of global industrial energy use and 2% of direct industrial carbon 
emissions.5 The industry has also been found to emit other pollutants and greenhouse gases, 
such as Total Volatile Organic Compounds (TVOC), formaldehyde (HCHO), hydrogen 
sulfide (H2S), and hydrocarbon compounds (CxHy).6 There are additional significant life 
cycle emissions and pollutants associated with the use of paper, especially from the 
transportation process and the landfill or incineration process.7 

A partial solution to the environmental impact associated with using paper would be 
recycling of paper products, however, this would only slightly reduce impact since the 
production step, whether from recycled material or from wood pulp, is the most energy 
intensive part of the entire process.8,9 The most efficient way to reduce this impact would 
therefore be the reuse of paper, however, once both sides of a piece of paper have been used, 
there is currently no way to continue using the paper without recycling. A proposed solution 
is unprinting, or the removal of printer toner from paper so that it can be reused.  

Numerous research studies for unprinting technologies have been reported.10 Current 
research focuses on diluting the toner, obscuring existing toner,10 and the removal of printer 
toner by solvents, abrasion, ablation, or combinations thereof.11,12 Many of these methods do 
result in reusable paper but also have many limitations, including leftover traces of the 
original printing, thinning of the paper or other types of deterioration of the paper quality, and 
large amounts of chemical waste. A laser removal process for printer toner would avoid any 
chemical waste or chemical or mechanical deterioration of paper quality. This type of process 
will therefore be investigated in this paper.  
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High power lasers operating in UV, Visible, and Infrared wavelengths are attractive 
for toner removal applications. Laser removal of printer toner using Nd:YAG laser pulses has 
been demonstrated using laser fluencies between 0.3 and 0.9 J/cm2.13 Laser emission at the 
wavelength of 532 nm with 4 ns pulse duration was reported as a good candidate for toner 
removal.14 In addition, ultrashort pulse lasers was attempted to be used as a tool to remove 
toner.15 This work will therefore study the effect of infrared long pulse laser in the magnitude 
of milliseconds for toner removal. The laser wavelengths used in this study are 1064 nm and 
1320 nm. A scanning electron microscope is used for evaluating the removal process. 
Colorimetric parameters such as absolute changes of color, yellowing, and lightness of 
sample after laser irradiation are also analyzed. 

 
Methodology: 
The toner samples used in the investigation were based on single characters. A series of 
character-sized black rectangles was printed with an HP LaserJet CF226A-X-XC printer 
using black toner on white, un-coated, 80 g/m2 paper. A Nd:YAG laser system (Laser model: 
COSJET SR Long-Pulsed 1320 nm & 1064 nm Nd:YAG Laser) with the emission 
wavelengths at 1064 nm and 1320 nm was used in the experiment. A single laser pulse was 
used with durations of 5, 10, 20, 30 and 40 milliseconds and a laser spot size of 2 mm. The 
images of the samples treated by laser beam were taken by using an optical microscope and a 
scanning electron microscope. The treated samples were also analyzed using a colorimeter, 
3nh NH300. 
 

 
Figure 1. 

Experimental Setup 
 

Results and Discussion: 
Figure 2. and Figure 3. show images of the toner after laser irradiation taken by a camera 
(Samsung Galaxy Note 20 Ultra). It is evident that the long pulse lasers at wavelengths of 
both 1064 nm and 1320 nm can effectively remove the toner from the paper. Research 
indicates that the energy absorption capacity of a 1064 nm laser is higher compared to a 1320 
nm laser when used on black soiling on paper.16,17 This is consistent with the results of this 
study, where the laser wavelength of 1064 nm (Figure 2) shows better removal results of 
black toner than the 1320 nm laser treatment (Figure 3), especially at higher fluences. Both 
figures also clearly show a yellow-brown discoloration effect at higher pulse widths. This 
surface discoloration is similar to results seen by Strilč, M. et al.17 who found that this 
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discoloration was caused by thermolytic reactions and can be mitigated by allowing the 
substrate to cool to minimize heat transfer to the paper. During toner removal, longer pulse 
widths at the same fluence would allow more heat to be transferred to the substrate resulting 
in discoloration, therefore these results are consistent. Visually, there seems to be little 
difference in toner removal between fluences when using a 5 ms pulse, although the effect of 
fluence will be investigated further below. 

The 5 ms pulse width showed the best results across both wavelengths, in terms of 
removal of toner and minimization of discoloration. This pulse width was therefore used for 
the next experiments. 
 

 
Figure 2. 

Images of samples treated by different pulse durations and fluencies at 1064 nm. The samples 
were irradiated at pulse durations of (i) 5 ms, (ii) 10 ms, (iii) 20 ms, (iv) 30 ms, and  

(v) 40 ms, and at fluences of (a) 120 J/cm2, (b) 150 J/cm2 and (c) 180 J/cm2. 
 

 
Figure 3. 

Images of samples treated by different pulse durations and fluences at 1320 nm. The samples 
were irradiated at pulse durations of (i) 5 ms, (ii) 10 ms, (iii) 20 ms, (iv) 30 ms, and  

(v) 40 ms, and at fluences of (a) 120 J/cm2, (b) 150 J/cm2 and (c) 180 J/cm2. 
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The effect of fluence was investigated by irradiating toner samples at fluences of 90 
J/cm2, 150 J/cm2, and 300 J/cm2 using a single 5 ms pulse. The samples were examined with 
an optical microscope and the results are shown in Figure 4. It can be seen that the lowest 
fluence of 90 J/cm2 was the least effective at removing toner. However, there is little visual 
difference between the results at fluences of 150 J/cm2 and 300 J/cm2, especially at a 
wavelength of 1064 nm, even though the highest fluence is double that of the middle fluence. 
The higher removal of toner when using 1064 nm also suggests that this wavelength may be 
more efficient. 

The optical microscope results indicate that the toner has penetrated some distance 
into the rough surface of the paper, which suggests a possible explanation for why removal of 
toner using surface cleaning methods has difficulty in removing all visible marks. The toner 
closest to the surface is removed while the toner further down into the structure of the paper 
is shielded by paper threads. The remaining toner also appears to be located at the ends of 
paper threads, or around single strands, suggesting that toner in these areas may be bonded 
more strongly to the paper, increasing the difficulty of removal without damage to the paper 
substrate. 

 

 
Figure 4. 

Optical microscope images of samples irradiated by laser at wavelengths (a) 1064 nm and (b) 
1320 nm. The experiments are carried out at (i) 90 J/cm2 (ii) 150 J/cm2 and (iii) 300 J/cm2. 

 
Figure 5(a) and 5(b) shows scanning electron microscope (SEM) images of blank 

paper and black toner printed on paper respectively. Figure 5(c) and 5(d) shows the SEM 
images of the paper samples irradiated with 1064 nm and 1320 nm lasers at a fluence of 150 
J/cm2 with a 5 ms pulse. At this fluence, the effectiveness of the 1064 nm laser over the 1320 
nm is clearly observable. However, some remaining toner in both samples is also observable.    
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Figure 5. 

SEM images of (a) blank paper, (b) toner printed on paper, and toner laser irradiated at  
a fluence of 150 J/cm2 and a 5 ms pulse with (c) 1064 nm and (d) 1320 nm laser light. 

 
The effect of fluence was further investigated by comparing scanning electron 

microscope images of samples irradiated with a pulse width of 5 ms at fluences of 120 J/cm2 
to 210 J/cm2. As can be seen in Figure 6(a), 6(b), 7(a) and 7(b), fluences of 120 J/cm2 
remove less toner than fluences of 150 J/cm2 or higher. However, simply increasing the 
fluence does not always result in additional removal of toner. For a wavelength of 1064 nm, 
fluences of higher than 150 J/cm2 do not appear to remove additional toner at all, although 
the samples at higher fluences do appear to have higher instances of surface pitting, as seen in 
Figure 6(c) and 6(d), suggesting damage to the substrate. For a wavelength of 1320 nm, there 
are still many areas of contiguous toner deposited on the paper at a fluence of 150 J/cm2, but 
at 180 J/cm2, more toner appears to have been removed and there are no longer any areas of 
contiguous toner deposit, as seen in Figure 7(c). The higher fluence of 210 J/cm2 in Figure 
7(d) does not seem to remove additional toner. These results confirm that a wavelength of 
1320 nm is less efficient at removing toner and so requires a higher fluence to achieve similar 
levels of toner removal. These results also demonstrate that there is an upper limit of fluence 
where toner removal no longer occurs and pitting or other damage to the paper substrate 
increases. This upper limit is higher for a wavelength of 1320 nm since that wavelength is 
less readily absorbed by the black toner. 
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Figure 6. 

SEM images of the laser irradiated at wavelength 1064 nm and a pulse width of 5 ms with 
fluences of (a) 120 J/cm2, (b) 150 J/cm2, (c) 180 J/cm2 and (d) 210 J/cm2. 

 

 
Figure 7. 

SEM images of the laser irradiated at wavelength 1320 nm and a pulse width of 5 ms with 
fluences of (a) 120 J/cm2, (b) 150 J/cm2, (c) 180 J/cm2 and (d) 210 J/cm2. 
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In addition, colorimetric measurements using the LAB color space were performed on 
toner-printed paper after toner removal with the 1064 nm and 1320 nm lasers and 5 ms pulse 
width at fluences ranging between 60 and 300 J/cm2. The colorimetric parameters in Figure 
8. and Figure 9. are the L∗, a∗, and b∗ values of the LAB colors model. The parameter L∗ 
refers to the lightness of the color (with values of L∗ = 0 for black and L∗ = 100 for white). 
The parameter a∗ determines green and magenta tones (negative values indicate green while 
positive values indicate magenta). The parameter b∗ presents the yellow and cyan colors in a 
sample (negative values indicate cyan while positive indicates yellow). 

It can be seen from both figures that there is an increasing yellow + magenta color 
component as fluence increases. This would result in the yellow-brown discoloration which 
can be seen visually in Figures 2. and Figures 3. The only result with little to no 
discoloration was at a fluence of 60 J/cm2 and wavelength of 1320 nm. However, this sample 
also had minimal toner removal, with less than 35% black color removal (Figure 9.). As 
toner removal increases, the yellow-brown discoloration also increases for both wavelengths. 
The optimal fluence for removal of black color while also minimizing the yellow + magenta 
color component is 150 J/cm2 for a wavelength of 1064 nm and 180 J/cm2 for a wavelength 
of 1320 nm. Beyond these values, black color removal plateaus while discoloration continues 
to gradually increase. The plateaus at 150 J/cm2 and 180 J/cm2 are confirmed by the SEM 
images in Figures 6. and Figures 7.  

The yellow-brown discoloration effect after laser removal has been discussed 
elsewhere.17,18 The photo-thermal process occurs when the IR pulse laser transfers energy to 
the substrate which introduces discoloration and accelerated aging of the cellulose of the 
paper.13,17,19,20 The increased pitting seen on paper fibers at higher fluences in Figures 6. and 
Figures 7. also supports the conclusion that higher fluences are damaging the substrate, 
further supporting the conclusion that substrate damage is producing the observed 
discoloration.  

 

 
Figure 8. 

LAB color graph of samples irradiated with the 1064 nm laser at fluence ranging of  
60-300 J/cm2. 
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Figure 9. 

LAB color graph of samples irradiated with the 1320 nm laser at fluence ranging of  
60-300 J/cm2. 

 
Conclusion: 
Laser toner removal was studied by using laser wavelengths of 1064 nm and 1320 nm. The 
laser removal process is possible, where the wavelength of 1064 nm using a 5 ms pulse width 
shows the best removal results. A fluence of 150J/cm2 produces the best results at that 
wavelength, with higher fluences all showing very similar removal levels of approximately 
70% removal of black color. A yellowing effect of the paper appears to be inevitable at 
conditions that can effectively remove the toner due to the photo-thermal process and heat 
transfer to the substrate.  
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Abstract: 
A low precision and low-cost application of laser scribed reduced Graphene Oxide (rGO) 
sensors is presented in this paper. Various capacitor patterns are scribed onto Graphene Oxide 
(GO) touch sensors using a homemade CNC device equipped with a low power diode laser 
operating at 405 nm. A keypad was constructed and tested to demonstrate this concept. It was 
shown that precision in the scribing process and in the angles and spacing of the capacitor 
patterns is not required to produce a reliable keypad, demonstrating that this low-cost 
approach is feasible.   
 
Introduction: 
This research is a continuation of studies about the diverse applications for using Graphene 
Oxide ( GO) .  The optical absorption properties of GO have been applied as an optical 
component,1 saturable absorber medium,2 and in Q-switching lasers.3 Furthermore, reduced 
Graphene Oxide (rGO) has led to applications in sensing devices due to its unique moderate 
electrical conduction. 4,5 To produce rGO, laser-induced reduction has been proposed as a 
simple and chemical-free process that can be performed at room temperature. 6 The various 
previous applications of rGO fabricated by laser-induced reduction are reported,7,8 especially, 
the use of rGOs as capacitors that can be further used in sensing devices9 and medical 
applications. 10 However, most of these applications rely on high precision laser scribing, 
using precision CNC and expensive, high power lasers. 

In this work, rGO is produced by a laser scribing method. A low power diode laser in 
the order of 60 milliwatts is used. This laser is attached to a homemade CNC to serve as a 
simple and economic setup for laser scribing.  This approach is extremely economical, but 
sacrifices some precision. To demonstrate the feasibility of this concept, a simple keypad is 
used as an example.  A keypad has been used to test properties of higher power precision 
laser-scribed rGO in other research11. The laser-scribed rGO is used to create capacitors with 
differing capacitance values that can be assigned to each key on the keypad. Each key will be 
inscribed with a different capacitor pattern. This will be used to test whether precision in the 
spacing and angle of the capacitor patterns is necessary for a low-cost sensor setup. This 
approach can be suggested as a method to achieve functional low-cost sensing results. 
 
Methodology: 

Figure 1. shows the circuit diagram for the GO keypad. The design of the keypad is 
illustrated in Figure 2.(a). Overhead projector slides were used for the construction of the 
keypad template. The numbers and symbols for the keypad were printed on a single sheet. A 
hole was made in this sheet at the touch location for each key. Copper tape was used to make 
the circuit wiring, which was attached to the back of this first plastic slide, as shown in 
Figure 2.(b). A second plastic sheet was attached onto the back of the first sheet to protect 
the wiring and to serve as a substrate for the GO to form each key. The assembled template is 
shown in Figure 2.(c).  
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Figure 1.   

The circuit diagram for the rGO keypad. 
 

         
   (a)            (b)         (c) 

Figure 2. 
The construction of the keypad: (a) the keypad layout printed on a plastic projector slide, (b) 
the copper tape circuit wiring on the back of the slide and (c) the assembled keypad template. 

 
GO films were prepared by dropping 5 w% GO into the prepared holes in the 

assembled template, as seen in Figure 3. The GO solution was purchased from a GO 
producing company (Goographene, Merrifield, VA, USA). GO films with thicknesses 
between 1 mm and 2 mm were formed and then were allowed to dry in room temperature. 
The GO covers the ends of the copper tape wiring, completing the circuit for each key, as 
seen in Figure 4. Finally, the GO is scribed using the laser scribing system seen in Figure 5. 
A CNC system was constructed to move the laser beam in two dimensions. A low-cost diode 
laser operating at 405 nm was purchased and attached to the CNC device. The CNC is 
controlled by a computer program, LaserGRBL. The measured laser power output was 57.34 
mW ± 1.44 mW.  

Each key is inscribed with a unique pattern to provide different capacitances when 
assigning values to each key, as seen in Figure 6. (a). The spacing and angle of the patterns 
was varied across each of the 12 keys. These patterns were imported to the LaserGRBL 
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program (Figure 6. (b)). Since reduced graphene oxide is conductive, the laser-scribed rGO 
lines will function as electrodes. When the capacitor is touched, the overall capacitance 
between the laser-scribed electrodes will increase because of the high dielectric constant of 
the human body12. These unique patterns will produce a wide degree of difference in the 
capacitance values of each key. 
 

 
Figure 3. 

The steps of producing the GO film on the transparent substrate. 
 

                                   
Figure 4. 

The GO film on the wired keypad before 
scribing. 

Figure 5.  
Laser scribing system 

 
 

            
   (a)            (b) 

Figure 6.  
Capacitor patterns (a) design and (b) exported to the CNC program. 
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Figure 7.(a) shows the final keypad setup. The variety of laser-scribed patterns 
provides different capacitance values for each key. The keys are connected to an Arduino 
mega2560 which can measure the capacitance of each key, as seen in Figure 7.(b).  

 

 
(a) 

 
(b) 

Figure 7.   
(a) Final keypad setup and (b) final 

experimental setup. 
 

 
(a) 

 
(b) 

(c) 
Figure 8.  

SEM images (a) transparent plastic film 
(b) GO on the transparent film and (c) 
portion of rGO obtained by the laser 

scribing process. 
 
Results and Discussion: 
Figure 8. shows examples of Scanning Electron Microscope (SEM) images of the plastic 
substrate and the GO film both before and after the laser reduction process.  
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The line of the rGO from the laser scribing can be clearly seen in Figure 8. (c) as well 
as darker zones on either side of the rGO line. These darker lines are most likely the result of 
heat transfer from the laser scribing process. It can also be seen that the rGO line is not 
consistent in width. This is a result of the fluctuation of the power output of the diode laser, 
as well as micro vibrations from the CNC machine. This means that the capacitance of each 
laser-scribed key will always include some inherent randomness because of the lack of 
precision and consistency in the components of the low-cost setup.  

The capacitances of the fabricated capacitors were measured using a multi-meter. The 
capacitance values are between 3.5 µF and 8.5 µF and are assigned to the keys as shown in 
Figure 9. Unexpected, it can be seen that many of the capacitance values are similar to each 
other. For example, ‘1’ and ‘6’ both show nearly identical capacitances of 8.5 µF. This 
similar capacitance is not caused by being inscribed with the same capacitor pattern. While 
‘1’ and ‘6’ do have the same scribed pattern, ‘9’ and ‘*’ are also scribed with a similar 
pattern (as seen in Figure 7. (a)) but have significantly lower capacitances. In fact, some keys 
with different patterns show very similar capacitances, such as ‘4’ and ‘5’. This result can be 
explained by the inherent randomness in the low precision manufacturing of the laser-scribed 
keys. This suggests that the pattern used in the laser scribing process does not play a crucial 
role in determining the final capacitance of each key since the imprecision and randomness of 
the low cost setup creates far larger capacitance differences. 

The capacitance when touched also appears to be random, although some keys still 
have very similar capacitances when touched, irrespective of the pattern used in scribing, 
such as ‘3’ and ‘#’ (Figure 9.). This requires each individual key to be tested and assigned 
one at a time. This low-cost method does require addition time and care when assigning 
values to each sensor. However, the time and cost savings associated with using low 
precision methodology makes this method appropriate for low volume applications.  

Figure 9. 
Touched and untouched capacitance of each rGO scribed key. 
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The accuracy of the keypad was tested by using the group of numbers “1234567890. 
All the keys were successfully detected and correctly assigned to the corresponding numbers, 
as seen in Figure 10. 

 
Figure 10.  

The final test output of the rGO keypad. 
 

Conclusion: 
A simple laser-scribed rGO system using a low-power diode laser operating at 405 nm was 
demonstrated. The capacitance values of the laser-scribed rGO capacitors are between 3.5 µF 
and 8.5 µF. The laser power fluctuation and the vibration of the homemade CNC provided a 
degree of randomness, resulting in different capacitances before and after being touched. The 
accurate use of these capacitors in a keypad demonstrates the usefulness of these rGO 
capacitors as low-cost sensors. 
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Abstract:  

Acute respiratory tract infections pose significant global health challenges, which are 
the primary source of morbidity and mortality and have an impact on healthcare systems, as 
exemplified by the recent COVID-19 pandemic. This crisis has highlighted the urgent need to 
comprehend the factors that influence airborne transmission of respiratory viruses. 
Preventative measures, including face masks and physical distancing, have been crucial to 
pandemic management. In this study, we applied a mathematical modeling approach and 
Monte Carlo simulations to investigate the specific influence of such measures on the 
transmission of respiratory viruses. Simulations were conducted in indoor environments, 
considering face mask compliance and physical distancing. We found that wearing a face 
mask and keeping a greater distance between individuals can reduce the probability of 
infection with the respiratory viruses. Particularly, the risk of infection is more effectively 
reduced when infected people wear face masks compared to only applying on susceptible 
individuals. Furthermore, the risk of infection notably decreases when all individuals wear 
face masks and keep a greater distance from each other in an indoor space. Our modeling 
results suggest that promoting mask usage and physical distancing in indoor environments is 
crucial in mitigating the spread of respiratory viruses. 

 
Introduction:  

Respiratory viruses are viruses that primarily infect the respiratory tract, which 
includes the nose, throat, lungs, and bronchial tubes. There are many types of respiratory 
viruses, for example, influenza viruses, respiratory syncytial viruses (RSV), and 
adenoviruses. Notably, in December 2019, the emergence of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) led to the global COVID-19 pandemic1. During this 
devastating outbreak, over 700 million confirmed cases and more than 6 million fatalities 
were recorded2. People who become infected with SARS-CoV-2 have had a wide range of 
symptoms ranging from mild symptoms to severe symptoms. Symptoms may appear 2-14 
days after exposure to the virus. 
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Respiratory viruses are typically transmitted through contact with respiratory 
secretions, often via coughing or sneezing of infected individuals. They can also be spread 
through contact with contaminated surfaces or objects. In general, respiratory viruses are 
transmitted between individuals when the virus is released from an infected person's 
respiratory tract and transferred through the environment3. Respiratory viruses can be 
transmitted via respiratory secretions via multiple independent and concurrent routes, both 
directly through physical contact and indirectly through contact with contaminated surfaces 
or objects. Additionally, the viruses can be transmitted through the air from one respiratory 
tract to another via large respiratory droplets (droplet transmission) or fine respiratory 
aerosols (airborne transmission)3.  

Efforts to reduce the transmission of respiratory viruses include various measures, 
such as physical distancing, the use of face masks, and maintaining proper hand hygiene. 
Face masks, when worn correctly, have been shown to significantly decrease the risk of 
acquiring respiratory infections, according to Cheng et al. (2021)4. Physical distancing is 
another effective strategy for limiting transmission5. Nonetheless, the precise impact of these 
interventions, particularly within indoor environments, remains a subject of ongoing 
investigation. 
 This study aimed to explore the influence of physical distancing and face mask usage 
on the transmission of respiratory viruses in indoor settings. To achieve this, we employed a 
mathematical modeling approach in tandem with Monte Carlo simulations. We evaluated the 
effectiveness of maintaining distance from others and wearing face masks in mitigating the 
spread of respiratory viruses, shedding light on their potential contributions to reducing 
transmission rates.  
 
Methodology:  
Study setting and design. 
 The default setting used for investigating the effect of physical distancing and face 
mask-wearing is the square room with a size of 8´8´3 m3. This room accommodates 25 
occupants, comprising 24 susceptible individuals and one infected person. It was assumed 
that the distances between each individual were equal and symmetric (Figure 1).  
 

  
Figure 1. Top view of the study setting. The room measures 8 x 8 m2, with the infected 

individual located at the room's center.  
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 To determine the effect of physical distancing, we adjusted the distance between 
individuals while keeping the number of individuals in the room fixed. Consequently, the 
room size was hypothetically increased. Our study was conducted in two distinct room sizes: 
64 (8x8) m2, representing a typical classroom size as per Ministry of Education guidelines6, 
and 144 (12x12) m2, resembling a restaurant area7. In both scenarios, there were 25 
individuals present. We maintained the assumption of equal and symmetric spacing between 
individuals within each setting, resulting in two different interpersonal distances: 1.6 meters 
and 2.4 meters, respectively.    

Surgical masks are a commonly employed infection control measure8, and as such, 
our study has chosen to focus specifically on this type of mask to investigate their impact on 
the transmission of respiratory viruses. Our research explores four distinct face mask 
strategies within our model: no masks (with no individuals wearing masks), wearer protection 
(where only susceptible individuals wear masks), source control (with only infected 
individuals wearing masks), and universal masking (where everyone wears masks). Wearing 
face masks offers the advantage of reducing the infiltration of virus particles from infected 
individuals to susceptible ones. This is demonstrated by the penetration rate, which quantifies 
the potential for virus particles to pass through the mask. When infected individuals wore 
masks, the quantity of exhaled viruses from their bodies significantly decreased. The data 
regarding the face mask penetration rate was sourced from Cheng et al.'s 2021 study4.  
 To estimate the probability of infection, we used the model proposed by Cheng et al. 
(2021)4, which provides a framework to estimate the number of exhaled and inhaled viruses. 
A comprehensive description of this model and its components is provided in the subsequent 
sections, beginning with estimating the number of exhaled and inhaled viruses and then using 
the inhaled viruses to estimate the probability of infection. Furthermore, Monte Carlo 
simulations were used to simulate the risk of respiratory virus transmission.  
 
Estimating the exhaled viruses 
 Exhaled virus referred to viral particles that were released from an infected 
individual's respiratory system when they exhaled. For an estimate of the probability of 
infection, we first estimated the number of exhaled viruses. In this work, we used the virus 
concentration in the particles (Cv,fluid), representing the viral load in each particle size to 
calculate the number of viruses in exhaled respiratory particles. We assumed a spherical 
shape with diameter Dp to represent the size of respiratory particles. Therefore, the number of 
viruses in exhaled respiratory on particles (Nv,ex) can be calculated by 

 
 

(1) 

 We then calculated the number of emitted viruses per time (Ev,emis(1/h)) based on the 
number of emitted respiratory particles per time (Ep,emis(1/h))9, and the number of viruses in 
each exhaled respiratory particle size (Nv,ex) as 
 	 (2) 

If the face mask usage strategies were source control and universal masking, we multiplied  
Ev,emis(Dp) with a penetration rate of surgical masks (1-hmask(Dp,evp))4.  

Exhaled respiratory particles contain water along with other substances from the 
respiratory tract, including viruses. As these particles evaporate, the water content decreases, 
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and the size of particles decreases. Regarding this issue, it has been assumed that respiratory 
particle evaporation causes particles to become smaller by approximately 50% of their initial 
size 4,10. Therefore, the diameter after the evaporation process (Dp,evp) is 	½Dp.  
 
Estimating the inhaled viruses 

The respiratory viruses that infected people release into the environment can be 
inhaled by others. To estimate the number of inhaled viruses, we first estimated the number 
of viruses per volume containing each susceptible individual as 
 

 

(3) 

 To determine how environmental factors impact the concentration of respiratory 
viruses in the air, we focused on three crucial factors. These factors included the ventilation 
rate, particle deposition rate, and inactivation rate11. The ventilation rate refers to the rate at 
which fresh air is brought into the space, which can dilute the concentration of viruses in the 
air. The particle deposition rate refers to the rate at which particles, including viruses, settle 
out of the air and onto surfaces. In addition, we also considered the inactivation rate, which 
refers to the rate at which viruses are destroyed or become inactive over time. This may occur 
due to a variety of environmental factors, such as temperature, humidity, and exposure to 
ultraviolet light12. We generated these factors as the total loss rate (l(Dp,evp))7,13. 
 Accounting for the number of viruses present in a certain volume of air 
(nv,indoor(Dp,evp)), as well as the volume of air that a potential host breathes in 30-minute 
period (Vbreath,30) adapted from Landers et al. (2003)14, we determined the number of viruses 
that were inhaled in 30 minutes (Nv,30(Dp,evp)) by multiplying the number of viruses present in 
a certain volume of air with the volume of air that a potential host breathes in over a 30-
minute period. If the face mask strategies were wearer protection and universal masking, we 
multiplied Nv,30(Dp,evp) with the penetration rate of surgical masks. To determine the total 
number of viruses that were inhaled, we performed an integration over the particle size from 
0.01 to 100 µm follows, 
 

 

(4) 

After the total number of inhaled viruses was estimated, we then calculated the probability of 
infection, which would be used to explain the risk of a person becoming infected. The 
parameters used in this study are summarized in Table 1. 
 
Estimating the probability of infection 
When a virus enters the body, the chance of getting infected is called the probability of 
infection for a single virus (Psingle). The opposite to this chance is the probability of not 
getting infected. If someone breathes in multiple viruses (Nv), the chance of not getting 
infected is the chance of not getting infected by one virus raised to the power of how many 
viruses they breathed in. Therefore, to estimate the chance of infection, we need to estimate 
the chance of getting infected by subtracting the chance of not getting infected when 
breathing in the viruses. i.e., the probability of infection (Pinf). We then calculated this 
parameter with the following formula: 
  (5) 
 From equation (5), we estimated the probability of infection from the total number of 
inhaled viruses—i.e., the risk that the potential host can be infected with the viruses depends 
on the number of viruses that they inhaled over time.  
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Table 1. The parameters used in this study. 

Parameters  Descriptions Values Sources 
 Particles diameter 0.01-100 µm 4 

 
The number of emitted 

respiratory particles 
per time 

The particle size 
distribution based on the 

experimental data 

4,9,15,16 

 
The penetration rate Based on the 

experimental data and 
model calculations 

4,17,18 

 
Total loss rate lven = ventilation rate 

           = 1 h-1 
ldep = deposition rate 

(function of Dp) 
linact = inactivation rate 

           = 0.6 h-1 
 

11,13 

 Inhaled volume in 30 
minutes 

The average breathing 
rate = 8 L/min 

14 

 
 
Risk of transmission 
 The Monte Carlo simulations were then used to imitate the transmission of respiratory 
viruses in the indoor setting. Each person in the system has a different probability of 
infection, i.e., each person in the room has an individual chance of becoming infected with 
respiratory viruses. We ran 10,000 simulations with 24 susceptible individuals in the setting 
and estimated the median number of infected and susceptible people resulting from the 
simulations. We also investigated two factors impacting airborne transmission: physical 
distancing and face mask usage.   
 
Results and discussion: 
 We estimated the probability of infection for each individual in the room to assess the 
effect of control strategies, i.e., physical distancing and face mask usage, on respiratory virus 
transmission. In the baseline setting in which the room size is 8´8´3 m3 with no 
interventions, we found that the probability of infection of the closest people to the infected 
person (at the center of the room) was 0.99, and of the most distant people from the infected 
person was 0.46 (Figure 2 (a)).This highlights the substantial influence of interpersonal 
distance on an individual's susceptibility to infection. Our findings align with prior research 
indicating a diminishing probability of infection as distance between individuals 
increases19,20. Nevertheless, a separation of 1.6 meters between individuals may not be 
sufficient to prevent transmission in this particular scenario. 
 To explore the potential benefits of increasing the distance between individuals within 
the room, we examined the infection probability when the distance was extended from 1.6 to 
2.4 meters. Under these conditions, we found that the probability of infection for each 
individual decreased from the range of 0.46-0.99 to 0.24-0.89 (Figure 2 (b)). Thus, 
implementing physical distancing measures can significantly mitigate the risk of disease 
transmission in this scenario.  

!!  
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To further assess the risk of an outbreak and the total number of infected individuals 
in this setting, we employed Monte Carlo simulations. In the initial scenario, there were 25 
people, including one infected person positioned at the center of the room. Figure 3 illustrates 
a box plot representing the number of infected individuals derived from the simulations. 
Notably, after increasing the distance between individuals from 1.6 to 2.4 meters, the total 
number of infected individuals decreased from 18 to 12. This observation implies that 
maintaining a greater distance between infected individuals and those susceptible to infection 
could prove to be an effective strategy in enhancing control over the virus's spread. This 
aligns with the findings of Chu et al. (2020)21, who also suggested that maintaining a spacing 
of at least 1 meter between individuals can limit infection, and a distance of 2 meters may be 
even more effective, supporting our conclusion regarding the importance of increased 
interpersonal distance in preventing successful transmission. 
 

 
Figure 2 The probability of infection of an individual in different room sizes.  

(a) The room size is 8x8 m2, and (b) 12x12 m2. There are 24 susceptible and one infected 
individual in the rooms. Dots represent the locations of individuals in the room. The color bar 

represents the probability of infection of individuals located at different positions. 
 
 

Furthermore, we conducted simulations to assess the impact of four different face 
mask strategies: no masks (everyone without masks), wearer protection (only susceptible 
individuals wearing masks), source control (only the infected individual wearing a mask), and 
universal masking (everyone wearing masks). Our results indicated that in the small room 
setting, the number of infected individuals decreased from 18 to 8 when all susceptible 
individuals wore masks (as depicted in Figure 3). These findings align with a study by Dixit 
et al. (2023)22, which demonstrated that a higher percentage of individuals wearing face 
masks can significantly reduce the number of infected individuals in indoor environments. 

Nevertheless, we found that the source control strategy, in which only the infected 
person wore a mask, was more effective than wearer protection. Figure 3 illustrates that, in 
this case, the total number of infected individuals decreased from 18 to 6. This highlights the 
effectiveness of having infected individuals wear face masks since masks filter potential virus 
particles emitted from the body, thereby reducing the number of exhaled viruses.  

Finally, when both physical distancing and face mask strategies were combined, the 
number of infected individuals decreased to just 1 person when everyone wore masks (Figure 
3). Therefore, face mask usage emerged as one of the most effective interventions for 
preventing virus transmission. Comparing the number of infected individuals with universal 
masking and a 2.4-meter interpersonal distance to the number without any intervention, we 
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observed a reduction of approximately 18 times in the number of infected individuals. This 
emphasizes the substantial impact of these combined measures in curbing transmission. 
 

 
Figure 3. The total number of infected individuals with different distances between people. 

Each box represents a different face mask-wearing strategy. The number of infected people in 
the graph indicate the median of 10,000 simulations. The bottom and top of each box are the 

25th and 75th percentiles of the simulations. The line in the middle of each box represents the 
median number of infected people. 

 
 
Conclusion:  

In this study, we investigated the effects of physical distancing and face mask-wearing 
on the likelihood of infection among people in an indoor setting. We found that increasing the 
spaces between individuals in the settings and wearing face masks can reduce the likelihood 
of people in the environment becoming infected. When comparing the number of infections 
in the most effective intervention scenario, characterized by universal mask-wearing and a 
2.4-meter interpersonal distance, to the scenario with no interventions, we observed a 
substantial reduction in the number of infections, approximately 18-fold fewer cases. These 
findings underscore the significant role that maintaining interpersonal distance and wearing 
face masks within enclosed spaces can play in curbing the potential outbreak of respiratory 
diseases. 
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Abstract: 
We propose a divergent beam-based surface plasmon resonance sensor (SPR) for monitoring 
Bacillus subtilis biofilm formations. The designed sensor configuration employs a thin gold 
chip, an equilateral SF11 prism, and divergent p-polarized light with a wavelength of 632.8 
nm. According to geometrical optics analysis, a laser beam line expander and an array image 
sensor need to generate a divergent beam and detect SPR reflectance signals. The simulation 
results confirm the designed sensor can linearly map the angles of the light rays incident on a 
gold chip onto the detecting element of the array sensor. Owing to the linear sensing 
performance, the proposed configuration has advantages over conventional angular scanning 
in that it is free from the mechanical system, low-cost, and compact. 
 
Introduction:  
In health science, biofilms have a great role in certain infectious diseases and in a variety of 
device-related infections. A better understanding of biofilms should result in new and 
effective control strategies for improving public health care. Biofilms are a collective of one 
or more types of microorganisms that can grow on many different surfaces. Microorganisms 
that form biofilms include bacteria, fungi, and protists.1,2 Conventional methods for 
microbiological diagnosis rely on the growth properties of bacteria. Analyses can be 
performed after an incubation period of at least 18 hours, and identification of pathogenic 
organisms takes at least 36 hours.3 This process becomes problematic when rapid 
identification of pathogenic agents is urgently needed.  

On the other hand, surface plasmon resonance (SPR) sensors have been widely 
applied to diverse fields of chemical, biological, and health sciences such as medical 
diagnostics,4 food quality and safety,5 and environmental monitoring.6 Surface plasmons are 
collective oscillations of free electron density confined to a metallic surface. A resonance of 
surface plasmons can be done by coupling a light photon to this electron oscillation, provided 
both plasmons and photons have the same momentum and wavevector.7 However, it is a fact 
that, for a given frequency, the momentum of a surface plasmon is higher than that of a 
photon in free space. This momentum mismatch can be solved by coupling photons through a 
medium such as a prism into surface plasmons. According to the Kretschmann 
configuration,8 under total internal reflection, the momentum of an evanescent wave from a 
p-polarized light can be adjusted to match plasmon momentum by varying the incident angle 
or the wavelength of the light. When the matching conditions are satisfied, the photon energy 
is totally converted into a surface plasmon wave, causing a drop in reflected light intensity. 
Therefore, Kretschmann configuration-based SPR sensors are characterized by a dip in the 
intensity of the reflected light at a specific angle of incidence, known as the resonance angle. 
Since the plasmon wave is confined within the metallic surface, it is very sensitive to external 
dielectric media in contact with the surface. The dependency of the matching conditions on 
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dieletrics in the vicinity of the metallic surface is useful for the detection of biomolecular 
interaction in samples using SPR sensors without any markers. 

In SPR-based biosensors, microorganisms interact with specific ligands grafted on a 
thin metal chip, causing a refractive index to change in the vicinity of the metal surface and 
thus generating a plasmonic resonance signal.7 Consequently, to study biofilms using the 
Kretschmann-based SPR biosensors, the angle of incidence of the readout beam must be 
varied accordingly.9,10 Although the angular beam scanning mechanism can be mechanically 
implemented by rotating either the laser source or the prism via a motorized stage, SPR 
systems become complex, costly, and bulky.11,12 

The problem of bulky and complex mechanical scanning of SPR sensors can be 
solved by using a fan-shaped readout beam. This is because the fan-shaped beam consists of a 
bundle of light rays confined by the beam shape that travel simultaneously in different 
angular directions. Recently, we have proposed and validated experimentally the illumination 
and the detection conditions of the divergent beam based SPR system.13 Besides being simple 
and low-cost, the proposed system can detect a large range of refractive index variations with 
high accuracy. In this project, our proposed divergent beam-based SPR system is designed to 
monitor bacterial film formation. A gram-positive Bacillus subtilis will be used as a model 
organism.14 The growth could be extracted from the critical angle position of the SPR curve, 
while the film formation is monitored by detecting the shift of the resonance angle. 
 
Methodology: 
Figure 1 shows a schematic diagram of the proposed Kretschmann prism configuration and 
divergent beam illumination for sensing bacterial biofilm samples with the refractive index 
range from ns1 to ns2. To be able to measure this refractive index variation, the divergent 
beam must provide an infinite bundle of fan-shaped light rays that impinge simultaneously on 
the thin metal chip at incident angles between the corresponding resonance angles ai2 and βi2. 
The angle of the incident light ray can be calculated from the resonance angle of the 
refractive index of the sample ns7 

,     (1) 

where np and nm are the refractive indices of the prism and the metal layer, respectively. 
On the basis of geometrical optics analysis, sensor parameters such as illumination, 

and detection angles, and beam widths can be determined as follows:13 
The rays DE and DF of the divergent illumination beam on the prism side AC must be 
incident at the angles 

     (2) 
and 

,     (3) 
respectively. As a result, the divergent angle of the illumination beam can be expressed as 

.      (4) 
To provide this illumination condition, the principal axis of the beam is oriented at an 
illumination angle x 

    (5) 
with respect to the x axis. The angles of the divergent beam GH incident on the side AB of the 
prism can be linearly mapped onto an image array sensor MN, provided the sensor is placed 
with at an angle of g 

÷
÷

ø

ö

ç
ç

è

æ

+
= -

22

22
1 1sin

sm

sm

p
spr nn

nn
n

b

[ ])2/cos(arcsin 21 ipi n afa +=

[ ])2/cos(arcsin 21 ipi n bfb +=

11 ii baq -=

[ ])2/cos(arcsin2/)( 2ipn bfqfx +++=

31



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

.      (6) 
The dip intensity position detected at a particular pixel of the sensor gives the wanted 
resonance information. 

 
Figure 1. 

Schematic diagram of an SPR sensor using divergent beam illumination. 
 
 When the normal distance between the prism side AC to the focal point of the 
divergent beam is set at DL, the width of the incident beam EF can be expressed as 

.   (7) 

Due to the prism’s refraction, the beam further widens inside the prism such that the refracted 
beam strikes the interface between the prism – metal chip with the incident angle varies 
between ai2 and βi2. The refracted beam has the width of GH, which can be mathematically 
derived from triangles ∆AGE and ∆AHF  

,   (8) 

with AE is the incident position of the beam EF measured from the vertex A. This beam width 
GH determines the minimum dimension of the metal chip for sample sensing. After emerging 
from the side BC of the prism, the SPR reflectance pattern MN  

    (9) 

is detected by using the array image sensor inclined at the angle g. Equation (9) can be 
viewed as a mapping of the resonance angle on the detecting element of the array sensor 
placed on the observation plane. When the mapping of the angle to the position has a linear 
relationship, the resonance dip information can be detected. 
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Results and Discussion:  
In response to extreme conditions, bacterial spores are inactive and dormant structures of 
bacteria. When environmental conditions favor bacterial growth and reproduction, spores 
germinate into vegetative cells. Due to different cell structures, Bacillus subtilis exhibits 
different optical properties: A spectral reflectance and transmittance study over a wavelength 
interval from 0.2 to 2.5 um showed that Bacillus subtilis spores have a refractive index of 
about 1.52.15 However, in vegetative form, the refractive index reduces to about 1.39.16 To 
monitor the formation of Bacillus subtilis biofilm, the proposed sensor is designed to measure 
these refractive index variations. 
Angles of divergence, illumination, and detection 

In this research, a p-polarized He-Ne laser operating at the wavelength l = 632.8 nm 
is used as the illuminating light. The prism coupling is done by placing a thin gold layer with 
the refractive index nm = 0.1726 + j3.421817 on top of an equilateral SF11 prism (np = 
1.7786). According to Eq. (1), the resonance angles corresponding to the vegetative and the 
spore forms are 58.41° and 72.58°, respectively. To ensure that this resonance angle variation 
is detectable, the range of angles of light incidence on the gold chip GH is designed to be 
slightly broader, that is, from 58.40° to 72.59°. On the basis of the required angles of 
incidence, ai1 and βi1 are first calculated by using Eqs. (2) and (3). The results are then used 
to obtain the angles of divergence, illumination, and detection. Table 1 presents all the 
required angles for the proposed SPR implementation. 
 

Table 1. 
Calculated angles of divergence, illumination, and detection. 

Angles (°) 
ai2 βi2 ai1 βi1 q x g 

58.40 72.59 2.829 21.44 24.27 19.32 18.61 
 
According to the calculated angle q, either a laser diode or a cylindrical lens cannot generate 
the required divergent beam because their beam angles are small. A laser beam line expander 
is suitable for the implementation of the proposed sensor.18 It produces a broad divergent 
angle with uniform fields, instead of a Gaussian profile. 
Sizes of the gold chip and image sensor 
 The required size of the gold chip can be calculated by using Eq. (8), which gives the 
beam size GH. When the illumination distances DL and AE are set to 0.600 and 0.750 cm, 
respectively, the beam size GH becomes 1.935 cm. This requirement can be satisfied by 
using 20 mm ´ 20 mm Au-evaporated glass plates (BA1000, Nano SPR). Figure 2 shows the 
beam position on the observation plane as a function of the angle of incidence βi2 in the gold 
chip. This plot using Eq. (9) provides the longest beam size MN on the observation plane, 
which is 1.490 cm. Equation (9) can also be used to confirm that the angle of the light ray 
incident on the gold chip is linearly mapped along the detecting element of the array sensor 
placed on the observation plane. To detect this reflectance beam, an array image sensor with 
a minimum format of the 4:3 ratio, such as 17.3 mm ´ 13 mm, can be used for detecting the 
SPR reflectance. Sensitivity of the proposed SPR sensor is determined by the beam size MN 
and the total resolution of the array sensor. When the sensor has a resolution of m ´ n pixels, 
the sensitivity of the proposed sensor can be determined from (ns2 - ns1)/m (RIU/pixel). 
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Figure 2. 

Beam position on the observation plane as a function of the angles βi2 of the light rays 
incident on a gold chip 

 
Conclusion: 
We have proposed a divergent beam-based SPR sensor for monitoring the formation of 
Bacillus subtilis biofilms. The designed Kretschmann configuration employs a thin gold chip, 
an equilateral SF11 prism, and a divergent p-polarized laser light with an operating 
wavelength of 632.8 nm. The beam illumination and detection conditions and the required 
gold chip size are theoretically studied using geometrical optics analysis. The divergent beam 
illumination can be generated by using the laser beam line expander, while the SPR 
reflectance signal needs to be detected by using the array sensor with the 4:3 format. The 
simulation results confirm the designed configuration can linearly map the angles of the light 
rays incident on the gold chip onto the spatial position along the array sensor plane. The 
proposed configuration has advantages over conventional angular scanning in that it is free 
from the mechanical system, low-cost, and compact. 
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Abstract:  
In this research paper, we present a comprehensive investigation into the critical temperature 

(T!) of superconductors, utilizing a big data compiled from previous studies, including Density 

Functional Theory (DFT) and experimental data. Our study aims to develop a strong model 

capable of explaining critical temperatures across a wide range of materials. We introduce the 

trend line of  ℒ#  as a function of a parameter that relates to critical temperature, where ℒ is a 

specific parameter for this study and λ is the average coupling strength. The trend line generated 

from our model and choose a specific cutoff integer for summation, to effectively encompass 

the entire sample values. While our model and the Allen-Dynes model exhibit a strong 

correlation when predicting critical temperatures approaching zero, a significant discrepancy 

arises for compounds with higher critical temperatures. We attribute this divergence to the 

limitation of the Allen-Dynes model for weak electron-phonon interactions. Consequently, our 

study proposes an alternative model, offering potential utility in materials with elevated critical 

temperatures in future research. 

 
Introduction:  
Superconductors, an extraordinary class of materials, have garnered widespread attention due 

to their exceptional properties. At their core lies the intricate interplay of electrons and lattice 

vibrations, known as electron–phonon interactions, which are fundamental to understanding 

this phenomenon. Below a certain temperature known as the critical temperature (T!), 
superconductors exhibit an extraordinary attribute: they offer zero electrical resistance and 

expel magnetic fields, rendering them indispensable for numerous technological applications, 

including high-speed magnetic levitation (maglev) trains and highly sensitive medical 

equipment [1]. 
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 The Bardeen-Cooper-Schrieffer (BCS) theory, pivotal in superconductivity research, 

introduced a groundbreaking concept. It predicted the formation of electron pairs, called 

Cooper pairs, through electron–phonon interactions, enabling superconductivity at extremely 

low temperatures [1,2]. However, as research progressed, it became evident that BCS theory 

had limitations, primarily applying to materials with weak electron–phonon interactions and 

low critical temperatures. This limitation stemmed from BCS theory's reliance on the deduction 

of the Hamiltonian, restricting its applicability at low temperatures. 

 To tackle the challenges posed by strong electron–phonon interactions, Eliashberg 

developed an approach that expanded our comprehension of superconductivity to encompass 

robust electron–phonon coupling. This pioneering work provided a more accurate framework 

for predicting critical temperatures in materials with intense interactions. Furthermore, under 

high-pressure conditions, Carbotte's contributions were pivotal [3]. His calculations, building 

upon Eliashberg's theory, employed the Eliashberg equation and incorporated the 

renormalization factor of Matsubara, offering a comprehensive method for calculating critical 

temperatures in superconductors, especially in novel compounds subjected to extreme 

conditions [3,4]. 

Eliashberg’s equation shows in equation 1 and 2 [3]. 

 ∆$Z$ = πT∑ (λ%$ − µ∗) ∆!
()!" *∆!"

%#
%+,  (1) 

 Z$ = 1 + -.
)$
∑ λ%$ )!

()!" *∆"
%#
%+,  (2) 

Where ∆ represents the energy gap, Z is the renormalization function,	T	is temperature, m!	
denotes cut off integer and ω% stands for the Matsubara frequency (ω% = πT(2m + 1)).  

 As scientific inquiry progresses, the need for models offering enhanced accuracy and 

comprehensiveness, tailored to the unique properties of modern compounds, continues to grow. 

With an increasing demand for greater accuracy and more comprehensive models designed for 

modern compounds, there is a necessary push for models capable of better capturing the 

complexities of superconductivity in new materials. In this work, we gather extensive data from 

previous studies, including density functional theory (DFT) and experimental data. We derive 

a mathematical model from this substantial dataset and subsequently compare it to theoretical 

predictions. 
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Methodology:  
We start with Eliashberg’s equation [3], 

 ∆$Z$ = πT∑ (λ%$ − µ∗) ∆!
()!" *∆!"

%#
%+,   , (1) 

 Z$ = 1 + -.
)$
∑ λ%$ )!

()!" *∆"
%#
%+,  . (2) 

At high values of  T!, ∆ approaches zero and substituting n = 1. We can rewrite equation (1) 

and (2) to equation (3), 

 1 + λ = ∑ #!%/0∗
1%/%"1

%#
%+,  (3) 

where λ denotes the average coupling strength, µ∗ represents the effective Coulomb parameter. 

To distinguish the equation for independent data and the numerical model, we introduce the 

parameter ℒ  and modify equation (3) as follows 

 1 + λ + µ∗∑ ,
1%/%"1

%#
%+, = ∑ #!%

1%/%"1
%#
%+,   . (4) 

Consider the equation (4) 

ℒ = ∑ #!%
1%/%"1

%#
%+,  . 

After substituting λ%, and performing calculations, we can express equation (4) as equation 

(5),   

 ℒ
# = a2∑ ,

1%/%"1((%/,)"*5")
%#
%+, ;  a = )'$

2-.#
  (5) 

ω6$ is average logarithm frequency. We express ℒ#  instead of ℒ  to avoid the numerical 

calculation of  λ . We set equation (5) to a numerical model by generating the trend line between 
ℒ
# and a2. This involves substituting the values of a2 ranging from 10/7 to 108  and calculating 

ℒ
#. 

 

Consider the equation (4) 

ℒ = 1 + λ + µ∗∑ ,
1%/%"1

%#
%+,  . 

According to ∑ ,
1%/%"1

%#
%+,  approaching ln	(4e9m!), we can calculate ℒ# and a2 from independent 

DFT and experimental data, 

 ℒ
# =

,*#*0∗6$	(7;(%#)
#  ,  (6) 
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and  a2 = )'$"
(2-.#)"

 ,  (7) 

where γ is Euler’s constant (γ ≈ 0.57721566). Next, we generate a trendline of ℒ# as a function 

of a2 from equation (5) and compare it to equations (6) and (7) by substituting from big data 

from 25 research papers using a semi-logarithmic scale [5-29].  

We also calculate ℒ# and a2 using Allen-Dynes model (AD), starting with equation 8 [2,5], 

 T! = )'$
,.2= exp	[−

,.=7(,*#)
#/0∗(,*=.82#)] , (8) 

and the final equation is 

 ℒ
# =

(#/0∗(,*=.82#))
,.=7# ln C )'$

,.2=.#
D + 0∗6$	(7;(%#)

#  , (9) 

and  a2 = )'$"
(2-.#)"

 .  (7) 

We also compare the results obtained from Allen-Dynes model to the trend line. Finally, for 

other materials, we can calculate T! by converting ℒ# and a2 values from the graph. 

  
Results and Discussion:  
The generation of the trend line in equation (5) is visually represented in Figure 1. This figure 

illustrates the relationship between the ℒ# value and a2, with each line on the graph 

corresponding to a different cutoff integer value m!. As m! approaches infinity, ℒ#continuously 

increases as a2 increases. However, within the range of m! values between 10 and 130, ℒ# 

stabilizes at a later stage as m! increases.  

 

Figure 1. The relationship between ℒ# and a2 generated from equation (5) for each m! value. 
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From equation (4), to ensure a correlation between results on both sides of the equation, we set 

m! = 95  for the best correlation. After we gather necessary parameters from DFT and 

experiment from 25 research papers, the calculation of ℒ# from our model and Allen-Dynes 

model compare with the trend line shows in figure 2. Details for some of the samples are 

presented in table 1 [6,7,8]. 
 
Table.1 shows some examples of necessary parameters for calculation. 
 
Material           F>?(G) λ H∗ I@(J) K LA ref. 
KH6 1165 0.9 0.1 70 2.8353 7.0161 6 
ScH9 1156 1.94 0.1 163 1.8514 1.274 6 
TiH2 127 0.84 0.1 6.7 2.9664 9.1012 6 
VH8 876 1.13 0.1 71.4 2.4617 3.8129 6 
CrH3 568 0.95 0.1 37.1 2.7387 5.9373 6 
KH10 1301 1.34 0.1 148 2.2326 1.9574 6 
TiH14 1063 0.81 0.1 54 3.0392 9.8157 6 
SrH10 767 3.08 0.1 259 1.5363 0.2221 6 
YH10 1282 2.6 0.1 323 1.6353 0.399 6 
ZrH 295 0.71 0.1 10 3.3264 22.0437 6 
ZrH6 914 1.7 0.1 153 1.9716 0.904 6 
ZrH10 1068 1.77 0.1 198 1.9332 0.737 6 
NbH4 938 0.82 0.1 38 3.0143 15.434 6 
TcH2 736 0.52 0.1 11 4.1764 113.3993 6 
ZrH16 852 1.19 0.1 88 2.388 2.3744 6 
SrH6 1316 1.65 0.1 189 2.0011 1.2281 6 
YBaH8 535.13 1.04 0.1 49.6 2.5882 2.9485 7 
YBaH8 535.13 1.04 0.13 43.5 2.7762 3.8334 7 
YBaH8 901.22 1.24 0.1 89.4 2.332 2.5741 7 
YBaH8 901.22 1.24 0.13 80.3 2.4897 3.1906 7 
H3S(Im3Nm) 1603 1.25 0.1 174 2.3214 2.1499 8 
H3S(R3m) 1615 0.95 0.1 140 2.7387 3.3708 8 
CS3H12 1370 0.85 0.1 80 2.9432 7.4285 8 
CS3H13 1704 1.01 0.1 142 2.6354 3.6476 8 

 

In the region where a2 is within the intermediate range on the graph and approaches values 

around 108, both models exhibit a strong correlation. However, as a2 lower to the order of 

10/2, a notable divergence emerges. In this region, the Allen-Dynes model yields lower values 

compared to the trend line graph. This discrepancy can be attributed to the fact that Allen-

Dynes model is derived from considerations of weak electron-phonon interactions at low 
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temperatures, rendering it suitable for predicting critical temperatures that tend towards zero. 

Examining equation (7), we note that a2 is inversely proportional to the critical temperature, 

indicating that lower values of a2 correspond to higher critical temperatures. Consequently, 

when a2 approaches the low value of 0.01, it leads to significantly higher critical temperatures 

that fall outside the scope of applicability for the Allen-Dynes model. 

 

Figure 2. The relationship between ℒ# and a2 generated from big data (red circle) and equation 

9 (blue cross) compare to our model while m! = 95. 

However, the discrepancies observed in our model may arise from its derivation, which is 

intricately connected to the optical model only. 

 
Conclusion:  
In this study, we have compiled extensive data from previous research, including data from 

Density Functional Theory (DFT) and experimental sources, to develop a comprehensive 

model capable of explaining critical temperatures across a wide range. The choice of m! = 95  

as the trend line allows us to effectively encompass the entire of sample values. While our 

model and the Allen-Dynes model exhibit strong correlation when predicting critical 

temperatures approaching zero, a notable discrepancy emerges for compounds with higher 

critical temperatures. This divergence can be attributed to the Allen-Dynes model's limitation 

for weak electron-phonon interactions. In conclusion, this study introduces an alternative 

model that may prove valuable in handling materials with elevated critical temperatures in 

future research. 
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Abstract:
Osteoporosis is a medical condition in which the internal structure of bone deteriorates, becomes
more fragile, and increases the chance of breaking. Mostly found in elderly people around 60
years and above. Moreover, it is more common in women than in men due to dramatic reduction
of bone mass after menopause. Patients are generally unaware of osteoporosis because of no
indicated symptoms until the accident leads to bone fracture. Currently, the most accurate
diagnosis of osteoporosis is the DEXA scanner. However, this method needs to be operated by a
specialist, costly and time consuming. Therefore an alternative method of diagnosing the bone
mass density for pre-indications of osteoporosis is focused in this work. The method was tested
by sending stress waves into the bone. Abnormality of bone densities will be suggested by the
change of physical properties of the wave.

Introduction:
Osteoporosis is a significant disease that causes bone density and mass to decrease. The

bones deteriorate, become more fragile, deformed, and easily break. The bone capability in
weight bearing is considerably reduced. It is mainly due to the imbalance of function of the two
types of bone cells, caused by insufficient amount of calcium for the bone formation process.
Osteoporosis is currently surging public health attention in many countries as they are
proceeding to ageing society. According to research, there is one in every five males and one in
every three females aged over 50 are suffering from losing bone mass. It is even worse that
osteoporosis is a silent threat due to lack of any physical indications unless the bone fractures in
an accident. Therefore, early detection is critically vital for everyone. The best way to prevent
the risk of osteoporosis is the bone mass or bone density examination.
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Figure 1. Comparison of the density of healthy bone, osteoporosis,
and severe osteoporosis stages.

The current technology for osteoporosis detection is the Dual Energy X-ray
Absorptiometry Scanner or DEXA. It accurately takes an x-ray image of bone tissue. However, it
might be inconvenient for patients due to the needs of specialists to operate and it requires
patients to travel to hospital. Therefore, an alternative method of bone mass detection with
cheaper operating cost, convenient for patients and increases accessibility is required.

Figure 2. (Left) DEXA Scanner for detecting osteoporosis.
(Middle) Example of an osteoporosis test result from DEXA Scanner.

(Right) Analysing results by determining the T-Score and bone density values.
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Figure 3. Comparison of T-Score and density of intervertebral discs and
joints between pelvis and leg bones.

We are interested in finding an alternative method of bone density analysis that is cheaper
and easily accessible for all communities. Stress wave is a mechanical wave that propagates
through the medium. It was found that when a stress wave passes through the medium, many
physical properties are changed. Such changes indicate the internal property of the medium
accordingly. Similarly, when a stress wave passes through the bone, it might possibly suggest the
bone properties which, in turn, can be linked with the prevalence of osteoporosis.

The changing of wave frequency is expected in indicating the abnormality of bone. The
wave can be simply generated by a speaker. The prototype was set up to create a simple stress
wave with constant frequency. Accelerometer and arduino board were brought into data
acquisition. The output wave was analysed with Fourier transformation in order to extract the
frequency components. Then, the frequency difference between input and output waves leads to
the calculation of density.

Related terms

1) Stress wave: The propagation of vibrations in a solid material, consisting of longitudinal waves,
transverse waves, and surface waves. The speeds of these three types of waves are not equal but are
related by the Poisson ratio. This project focuses mainly on longitudinal waves and surface waves.

2) Modulus of Elasticity (MOE): It is a measure of the stiffness of a material. The MOE can be
calculated using the formula MOE = stress/strain = F/Ax/l = FlAx, where F is the force applied
perpendicular to the cross-sectional area A of the material, l is the original length of the material, and x
is the change in length.

3) Fast Fourier Transform (FFT): It is a mathematical algorithm used to convert a time-domain
signal into a frequency-domain representation. In the analysis of vibrations, this technique is used to
analyse the relationships between different frequencies. The data obtained from the analysis is used to
detect and identify potential problems such as bearing failures, unbalance, misalignment, etc.
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Methodology:

1. Equipment lists

1.1 Software
(1) Arduino 1 device
(2) Microsoft Excel 1 device

1.2 Equipment
(1) Accelerometer 2 devices
(2) Arduino Nano 1 device
(3) Laptop/Computer 1 device
(4) Bones 4 pieces
(5) Hammer 1 piece
(6) Function generator 1 device
(7) Speaker 1 piece
(8) Breadboard 1 piece

2. Experimental method
(1) Attach the speaker and accelerometer to a stick with 10 and 30 centimetres separation.
(2) Connect the speaker to a Function generator.
(3) Turn on the Function generator and use Arduino Nano to acquire raw data from the
accelerometer.
(4) Use MS Excel to analyse the data from the accelerometer.

Figure 4. Experimental methods flow chart.

4______________________________________________________________________________________________
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Results and Discussion:

1. Results

1.1 Results of the 1st experiment in wood

Figure 5. The installation of equipment with a 10 centimetres
distance between speaker and accelerometer.

Figure 6. The relationship between a Fast Fourier Transform (FFT) magnitude and frequency of
accelerations along the a) x axis, b) y axis and c) z axis with 257 Hz input.

5______________________________________________________________________________________________
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1.2 Results of the 2nd experiment in wood

Figure 7. The installation of equipment with a 30 centimetres distance
between speaker and accelerometer.

Figure 8. The relationship between a Fast Fourier Transform (FFT) magnitude and frequency of
accelerations along the a) x axis, b) y axis and c) z axis with 107 Hz input.

6______________________________________________________________________________________________
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Figure 9. The relationship between a Fast Fourier Transform (FFT) magnitude and frequency of
accelerations along the a) x axis, b) y axis and c) z axis with 127 Hz input.

Figure 10. The relationship between a Fast Fourier Transform (FFT) magnitude and frequency
of accelerations along the a) x axis, b) y axis and c) z axis with 157 Hz input.

7______________________________________________________________________________________________
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Figure 11. The relationship between a Fast Fourier Transform (FFT) magnitude and frequency of
accelerations along the a) x axis, b) y axis and c) z axis with 207 Hz input.

.

Figure 12. The relationship between a Fast Fourier Transform (FFT) magnitude and frequency
of accelerations along the a) x axis, b) y axis and c) z axis with 257 Hz input.
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Discussion

Results of the 1st experiment in wood
The preliminary test was carried out by letting 100 Hz input waves propagate through a

stick of wood. The result shows that the Fourier transform of acceleration frequency changes
approximately 50 Hz. However, it was speculated that this number coincidentally equals the
inherent electrical frequency from an outlet. Therefore, we would better change the input
frequency not only to mitigate the chance of misinterpreting the involvement of outlet electrical
property but also its higher harmonics as the multiplications of 50 Hz.

Results of the 2nd experiment in wood
Then, 5 input frequencies: 107, 127, 157, 207, and 257 Hz were set. After letting these

stress waves propagate through a wood specimen one-by-one, the accelerometer passed on the
data into Fast Fourier analysis. It was found that all five input frequencies have still been
detected by the accelerometer placing 30 centimetres away from the wave source. But at the
frequencies 107 and 127 Hz, their second harmonic can obviously be seen. This phenomenon is
due to the limitation of the accelerometer data sampling rate. The arduino command line:
mpu1.getMotion6 (&ax2, &ay2, &az2, &gx2, &gy2, &gz2), specifically deploys with the
accelerometer acquires each measurement value from the sensor in every 1 millisecond. This
command inevitably bottlenecks the capability of the arduino board to receive the signal at
maximum frequency of 278 Hz. The frequency is estimated from the distance used in the
experiment with wood. Dividing the speed by frequency, it was exhibited that a proper length of
wooden stick should be at least 11 metres.

Results analysis
According to both experiments, it was found that some graphs along the y-axis exhibit

different characters compared to those along the x and z axes. Because the experiment was set up
by aligning the y-axis of the accelerometer with the waves propagation direction. This might
cause the distinction from the other two axes which lie transversely. The results of the first
experiment also show a discrepancy in output-input frequency. While the second experiment
showed no change. It was hypothesised that the change of frequency in experiment 1 was caused
by electrical waves property from the outlet. Therefore, the results of experiment 2 will be used
to summarise the results.

Conclusion:
Due to limitation of data acquisition rate from accelerometer which requires command

line: mpu1.getMotion6 (&ax2, &ay2, &az2, &gx2, &gy2, &gz2), which takes 1 millisecond
delay process. It would require a wood specimen with at least 11 metres for experiment. Such
length is considerably longer than the actual practice that aims to be incorporated in human
limbs. It can be concluded that the use of an accelerometer is inappropriate to be used in
analysing the propagation of stress waves under the project objective’s circumstances.
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Further development:
Piezoelectric is capable of acquiring the data at 100 - 15000 Hz which is far faster than an

accelerometer. The ‘digitalread()’ command which is corporated with a hardware is at least 250
times faster than mpu1.getMotion6. Therefore the length of the specimen can be reduced to
approximately 16 centimetres. This value is comparatively much more appropriate for practical
usage.
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ABSTRACT. A promising quantum mechanics-based method for secure communication is 
quantum key distribution (QKD). The spontaneous parametric down conversion (SPDC) 
process, which creates entangled photon pairs that may be used to create a secure key 
between two parties, is one of the essential parts of a QKD system. In this paper, we 
investigate the effect of geometrical change in wave vector of the pump field in the SPDC 
setup to enhance the quantity of the generated entangled photon pairs. We specifically 
consider the usage of two lenses positioned in front of and behind the Beta Barium Borate 
(BBO) crystal. The experimental results show that this modification leads to a significant 
improvement in the signal to-noise ratio of the detected photon pairs, and thus enhances the 
security of the QKD system. 

Introduction 

In QKD, particularly in E91 protocol [1-5], the entangled photon pairs are distributed 
so that Alice and Bob each end up with one photon from each pair. The protocol security is 
based on the nonlocal correlation between the polarization properties of each pair. Any 
attempt at eavesdropping will destroy these correlations in a way that Alice and Bob can 
detect. Thus, the entangled photon source is necessary for constructing the E91 station. The 
commonly found light source for entangled pairs is an SPDC process in a nonlinear crystal, 
such as BBO. In addition to QKD, the process of SPDC is a crucial technique as a quantum 
light sources employed in diverse experiments within the field of quantum optical science. Its 
applications range from investigating the fundamental behaviors of quantum mechanics [6], 
managing quantum data [6], creating single-photon detectors [7,8], to defining the 
characteristics of light-material interactions [6]  

In our QKD experiment, we utilize SPDC to generate entangled states, highlighting 
the significant role of SPDC in such applications. However, the experiment encountered 
challenges with the SPDC signal receiver, especially in free-space signal transmission, due to 
signal degradation over distance. Conversely, when utilizing fiber optic signal transmission, 
the issue arose from signal reduction caused by coupling, posing a challenge in experimental 
implementation. Therefore, we conducted a study to examine the effect of pump beam 
intensity on coincidence counting rates in our experiment.  

The properties of SPDC photons with respect to various parameters affecting their 
generation inside the crystal have also been explored. Effects resulting specifically from the 
spectral properties of the pump beam, on the spatial coherence of the down-converted beams 
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have been investigated in [10-11]. In addition, the role of the spatial properties of the pump, 
particularly that of focused pumping [12, 13], have been demonstrated to be of crucial 
importance for applications that require coupling of signal-idler modes into a pair of single-
mode fibers [14, 15]. This is essential requirement for setting up our own cryptography 
station in Thailand.  

In this experiment, our focus is on increasing the rate of entangled photon pair 
generation from the SPDC process. Theoretical calculations were performed to illustrate that 
the rate of entangled photon pair generation is indeed dependent on the intensity of the pump 
beam. Subsequently, experiments were conducted to measure the increase in the entangled 
photon pair generation rate by incrementing the pump beam intensity. This was achieved by 
utilizing lens focusing to create a beam waist, which is the region where the light beam has 
the minimum radius, leading to the highest intensity in this area. 

Method 

Due to the necessity of using a BBO crystal (thickness 0 .5  mm) that requires high-
intensity light at a wavelength of 4 0 5  nm as the pump beam, which falls in a region that is 
difficult to see, a He-Ne laser at 632.8 nm was employed to aid in the alignment of the entire 
setup. Initially, the He-Ne laser was directed through a beam splitter (BS) 1  to split the beam 
into two. The transmitted beam through BS 1 was then directed to BS 2 to further split it into 
three beams. The reflected beam from BS 2  was set to pass through two diaphragms spaced 
6 0  cm apart. These diaphragms served as reference points, ensuring that the laser beam is 
parallel to the floor and facilitating the setup of other components. 

Subsequently, the BBO crystal and a 3 -degree measuring screen were positioned 2 1 
cm apart, as shown in Figure 1 . The beams reflected from BS 1  were then directed through 
the 3 -degree measuring screen and passed through the BBO crystal. The light transmitted 
through BS 2  was also directed through the 3 -degree measuring screen and passed through 
the BBO crystal. This setup was designed for the alignment of the SPDC emitted from the 
BBO crystal. 

A lens with a focal length of 10  cm was placed behind the BBO crystal at a distance 
of 10  cm. The role of the lens is to collimate the light generated from the SPDC process into 
parallel beams. A prism-shaped mirror was then used to reflect the light passing through the 
lens towards the free-space fiber coupler for optimal coupling with the fiber coupler to the 
multimode fiber which connect to avalanche photo-diode detectors (APDs). Instead of the 
detector, the light is then directed backward through the fiber using an optical fault locator. A 
lens with a focal length of 10 cm is placed in front of the BBO and tuned until the light from 
the optical fault locator pass through the 3 -degree measuring screen. Now the lens is at a 
distance of 10 cm. 

Once the setup is complete, the laser source is switched from the He-Ne laser to a 405 
nm laser with an intensity of 45 mW. The alignment of the 405 nm laser is adjusted to pass 
through both reference diaphragms. The optical fault locator was replaced with the APDs, and 
the lens position in front of the BBO was adjusted from +1 0  cm to -1 0  cm in 1  cm 
increments. Coincidence signals are then measured at each point, where the coincidence 
signal represents pairs of photon signals generated from the BBO or SPDC and detected by 
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the APD, with one serving as the sender and the other as the responder. The data were 
acquired and processed using the quTAG data acquisition device. 

Figure 1 shows a diagram of the setup alignment of all equipment by He-Ne before using a 
450 nm laser to measure the coincidence. 

Experiment and results 
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Figure 2 illustrates the measurement of the signal distribution of entangled photon pairs in 
histograms with a coincidence window of 5 ns. The measurement was conducted by two 
APDs . Photon signals from the APDs were fed into the start and stop inputs of the time-to-
digital converter in the quTAG Data Acquisition system. The quTAG system converted the 
signals into digital format, recorded the time intervals between the start and stop pulses in 
nanoseconds, and transmitted the data to the result display window. The time to collect all 
data is 1 second. 

Figure 3 depicts the measurement data of the count rate concerning the distance between the 
lens and the BBO, ranging from 0 to +20 cm, with the lens positioned 10 cm away from the 
BBO. The count rate reaches its maximum value of 563,290 photon pairs/s at the focal point, 
where the pump beam intensity is highest. As the lens is moved away from the focal point, 
the count rate gradually decreases.  

Conclusion 

Our experimental results show that the pump beam focused on the BBO crystal 
greatly increases the SPDC output yield, and as we move the lens in and out of the focusing 
distance, the coincidence photon signal decreases. Therefore, the range that gets the highest 
coincidence signal is at the focusing distance where the cross section area of the pump beam 
is the smallest, therefore its intensity is highestThe results of this experiment show the 
importance of the geometrical change in wave vector of the pump field in increasing the 
number of SPDCs for easy measurement in the experiment. 
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Abstract:  
Quantum computers in principle possess great potential to solve complex problems using 
specialized algorithms, but the current leading-edge quantum computers lack the required 
number of qubits and noise tolerance to fully enable these algorithms. To overcome the former 
limitation, quantum networks are being developed, connecting quantum devices to allow 
quantum communication and distributed quantum computing. However, challenges like noise-
induced decoherence still hinder practical quantum network implementation. This study aims 
to enhance a quantum network setup through a genetic algorithm. The objective is to identify 
conditions for constructing a quantum network in specific configurations, such as an 
arrangement of ground stations for quantum key distribution. The research simulates a quantum 
network using the qwanta quantum network simulator. Through its application in simulating 
two distinct experiments, including those based on real-world geographic networks, we use 
Pareto frontier analysis to visualize capability to address inquiries like identifying the minimum 
configurations that meet specific network performance criteria. We obtain a set of parameters 
that yield fidelity surpassing the target value of 0.7. More specifically, the first experiment 
investigates an equidistant node configuration on a line, while the second uses actual 
geographic locations within Thailand with Songkhla and Chiang Mai as end nodes and 
Bangkok as the repeater node situated between them. In the first experiment, each Pareto 
optimal within the final population achieved the fidelity of 0.828 or greater. In the second 
experiment, there are only two Pareto optimal points that reach the target fidelity, yielding the 
highest fidelity at 0.706. While this meets the requisite threshold, there is room for 
improvement by expanding the search space in the genetic algorithm to account for a wider 
parameter range. 

 
Introduction 

Over the last few decades, quantum computing has advanced significantly, showcasing 
its proficiency in addressing challenges in classical computing. Unlike classical bits, quantum 
bits (qubits) possess the capacity to become entangled, giving rise to more complex, faster, and 
efficient algorithms. Extensive prior research demonstrates the potential for leveraging 
quantum computing capabilities [1-5]. When quantum computers execute quantum algorithms, 
they tap into an expanded computational space owing to the quantum properties inherent in 
their basic computational elements. However, the field faces challenges related to qubit 
quantity, quantum decoherence, and noise interference. 

To address the issue of insufficient qubits, H.J. Kimble proposed the concept of 
connecting multiple quantum nodes to increase computational power [6], called quantum 
internet. A quantum internet or quantum network is a communication system that uses the 
principles of quantum mechanics to disseminate information. These networks exploit quantum 
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mechanics properties like superposition and entanglement for tasks beyond classical systems, 
which enable the creation of communication links, known as Bell pairs or EPR pairs, between 
two parties as illustrated in Figure 1. This advancement could transform cryptography, 
simulation, and optimization by offering remarkable computational power and secure 
communication. However, the quality of the qubits used and the implementation of the network 
resources are also crucial. The vision of a quantum internet is to provide fundamentally new 
internet technology by enabling quantum communication [7]. 
 

 
Figure 1.  

Demonstrated quantum internet distribution resource between three nodes. 
 

Quantum systems are used as a resource for computation and implementation of 
quantum network operations such as generating Bell pairs, purification processes, and 
entanglement swapping. However, noise in the environment can affect these processes. In 
quantum computing, the time it takes for its state to change, or waiting time of a qubit, is 
influenced by factors like temperature, noise, and interactions with other qubits. This waiting 
time is important as it affects the accuracy and reliability of computations. During quantum 
network operations, errors can occur due to imperfect unitary gates, especially those from 
multiple qubits, and measurement processes. Most of the noise in quantum networks is 
categorized from the repeater model. In this research, we simulate a photonic-based quantum 
repeater, which recently has received great research interest [8-9]. The main obstacle in 
implementing this type of repeater include the effects of photon loss in free space, and it also 
faces noise from physical qubit coherence time, gate errors, measurement errors, and 
depolarizing errors. 

There are several strategies to reduce the impact of noise in a quantum network. One 
such strategy is deploying quantum error correction (QEC) [10], which borrows the concepts 
of classical error correction for bit-flip errors and extend for phase errors. QEC encodes 
multiple physical qubits into one tolerant logical qubit, enabling the system to detect and 
correct errors that occur. Another approach to improve the quality of a quantum network is 
through optimization. Research has shown that using Bayesian optimization [11] can be 
effective. This research [12] optimizes photon emitter pulse rate to reduce the waiting time in 
physical qubit for case non-equal distance between nodes. A study by Francisco Fereira da 
Silva et al at QuTech proposed a quantum network optimization algorithm based on a genetic 
algorithm and simulated a quantum repeater chain [13]. 

For this research, we propose to employ a genetic algorithm [14-16] to find optimal 
parameters in a quantum network that lead to the lowest simulation cost, but still satisfy the 
desired fidelity threshold and certain predetermined network performance benchmarks. 
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Methodology:  

In this section, we describe the methodology for optimization of the quantum internet 
system, which is simulated by the software qwanta [17]. 
 
Design cost function for optimization 

Cost analysis was performed to assess the performance of the algorithm within the 
context of a quantum network system. qwanta has the capability to simulate linear quantum 
networks and calculate fidelity using the method of direct fidelity estimation [20]. We try to 
optimize the four parameters; namely, the photon loss, the gate error, the measurement error, 
and the coherence time. Initially, we normalize all parameter values to fall within the range of 
0 to 1. Subsequently, we establish a cost structure using equation (1) to represent the cost 
associated with an individual parameter. 

 
 𝐶𝑖 =

1
𝑙𝑜𝑔𝑥𝑖𝑏

(𝑥𝑖
𝑛𝑒𝑤) (1) 

In this context, 𝑥𝑏 represents the baseline parameter and 𝑥𝑛𝑒𝑤 signifies the parameter after 
optimization. Consequently, when the optimized parameter's value surpasses that of the 
baseline, the cost is set to 1, as depicted in Figure 2. When considering the collective cost of 
all (𝑘 = 4) parameters, the equation for the cost is formulated as equation (2). 

 
 ∑ 𝐶𝑖

4

𝑖=1

 =  ∑
1

𝑙𝑜𝑔𝑥𝑖𝑏
(𝑥𝑖

𝑛𝑒𝑤)

4

𝑖=1

 (2) 

 

 
Figure 2.  

Cost behavior when baseline value (𝑥𝑏) = 0.3, 0.6, and 0.9. 
 

However, equation (2) is constructed related to parameters only. To make simulation results 
more practical, we include the fidelity in the cost function. Finally, the cost function is defined 
in equation (3) 

 
 𝑇𝐶 = 𝑤𝛩(𝐹𝑡𝑎𝑟𝑔𝑒𝑡 − 𝐹) + ∑

1
𝑙𝑜𝑔𝑥𝑖𝑏

(𝑥𝑖
𝑛𝑒𝑤)

4

𝑖=1

 (3) 

when 𝑇𝐶 is the total cost value constructed from the fidelity term and parameters, Here 𝛩 is a 
Heaviside function, and 𝐹𝑡𝑎𝑟𝑔𝑒𝑡  and 𝐹 are, respectively, the target fidelity and fidelity from the 
simulation. The weight 𝑤 is a hyperparameter of the optimization method, meaning that it is 
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not determined by some algorithm but must instead be chosen. Therefore, our problem finally 
becomes multi-objective optimization. There are inherent trade-offs among these objectives. 
For instance, enhancing the durability of memory in a sequence of nodes has a beneficial impact 
on the overall quality of entanglement over the entire system, but it simultaneously increases 
the expenses associated with parameters. 
 
Genetic algorithm 

Genetic algorithms (GAs) are nature-inspired optimization methods that mimic the 
processes of natural selection and genetics by maintaining a population of potential solutions, 
evaluating their fitness, and iteratively selecting, recombining, and mutating chromosomes. See 
Ref. [18] for comprehensive content. In this research, we employ the algorithm by randomly 
creating a population of parameter values. Each individual set contains four genes, namely the 
stated parameters (photon loss rate, coherence time, gate error, and measurement error). Then, 
all individual will feed into qwanta to calculate the fidelity for each set. The results and input 
parameters will adapt via genetic process by the following procedure: 

1. Begin by generating the initial population consisting of 100 individuals. 
2. Calculate the cost for each individual using equation (3). 
3. Employ the roulette wheel selection method to select parents from the population for 

the subsequent application of the crossover operation. 
4. Introduce the possibility of mutation in each gene of an individual, determined by a 

mutation probability. 
5. Update the population with these newly created individuals and repeat the entire 

process for 120 iterations. 

Fresh individuals are created by applying random crossover and mutation operations. This 
updated population is subsequently employed in the next iteration of the algorithm, where the 
simulation is performed with these new individuals. 
 
GA validation 

To assess the effectiveness of GAs and understand the impact of the algorithm's 
hyperparameters, various benchmarking functions have been established [18]. These functions 
are specifically crafted to assess the performance of different GA implementations when 
dealing with cost functions characterized by specific properties. To validate GA, we have 
chosen the Rastrigin objective function defined in equation (4) as the validating cost function. 
Rastrigin function and results of validation are shown in Figure 3. 

 
 𝑓(𝑥) = 𝐴 + ∑(𝑥2 − 𝐴𝑐𝑜𝑠(2𝜋𝑥))

𝑛

𝑘=1

 (4) 
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Figure 3.  

Rastrigin function (left) and result from validate our GAs algorithm (right) 
Main process of quantum network genetic algorithm (QNET-GA) 
 

QNET-GA is software developed in this research. This software was developed by 
consider as a plugin of qwanta simulator. The brief mechanism of the software in terms of 
flowchart is provided in Figure 4. When n denotes the number of iterations (this research uses 
𝑛 = 120). At first, we initialize the baseline value and first population randomly. 

 

 
Figure 4. 

Flowchart explains the mechanism of QNET-GA. First initialize the baseline value and first 
population. Every iteration, population will update via genetic process 
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Results and Discussion:  

The quantum network optimization using GA is performed in two scenarios; namely (i) 
equally distanced nodes on a line, and (ii) real locations of three nodes in Thailand, as depicted 
in Figure 5. 
 

 
Figure 5. 

In a scenario with equally spaced nodes and repeaters (left), place a repeater in Bangkok, 
with end nodes located in Chiang Mai and Songkhla, Thailand (right). 

 
Equally distanced nodes on  a line 
 We have conducted a simulation of a quantum internet system employing a single 
quantum repeater in the middle and equally distanced nodes. In Figure 6 (left), we depict the 
temporal evolution of fidelity, while simultaneously experimenting with the weight tuning 
parameter. The tracking cost exhibits a decreasing trend over successive generations as shown 
in Figure 6 (right). Nonetheless, sporadic peaks are observed within certain generations. We 
hypothesize that such peaks may be attributed to certain individuals within the population 
encountering a situation during the genetic process where their overall genetic makeup resides 
at the boundary of the search space. Furthermore, upon closer examination, oscillatory behavior 
within the data becomes apparent. These observations can be attributed to two primary factors: 
the inherent unpredictability of a genetic algorithm and our utilization of step functions for cost 
assessment. The second observation can be attributed to a combination of the previously 
mentioned step functions used in the cost evaluation and the inherent non-deterministic nature 
of our simulations, we also similarly occurred in previous report [13]. 
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Figure 6. 

Evolution of fidelity in 120 generations with different weights of the cost function (left), due 
to evolution of the cost (right). Peaks occur in some generations, possibly due to population’s 

genes are encounter with extreme condition from genetic process 
 
 
 

Real locations of three nodes in Thailand  
We shall present a visual representation of the quantum network under investigation. 

The placement of nodes in this depiction is intended to approximate their respective 
geographical positions within Thailand. Specifically, a repeater node has been established in 
Bangkok, while two end nodes are situated in Songkhla and Chiang Mai. The outcomes of our 
analysis are presented in both Figure 7. 

 

 
Figure 7. 

Evolutional of real location simulation (CM-BKK-SK) (left) and evolutional of cost (right) 
 
Pareto frontier analysis 

Pareto frontier or Pareto front is a concept of multi-objective optimization. It represents 
a set of solution in a given problem space where no solution can be improved in one objective 
without reducing another. In other words, it delineates the trade-off between conflicting 
objectives, providing the best compromise solutions. For more concepts, readers can follow 
Ref. [19]. In this work, we try to optimize both fidelity and loss parameters that conflict. The 
results show the data of fidelity and its cost of all individuals in the last generation. By concept 
of Pareto front, we exhibit the result’s graph as illustrated in Figure 8, as it is reasonable to 
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represent the x axis as 1 − 𝐹 (the fidelity discrepancy). The Pareto front will minimize two 
objective functions (cost and 1 − 𝐹). 

 

 
Figure 8. 

Final generation of genetic algorithm individuals. The cross red notion is shown as the Pareto 
optimal point. Equally node distant (left). Real geographic location (right) 

 
The parameters and fidelity of each Pareto optimal point of equally distant node and real 
geographic location will be shown in tables 1 and 2, respectively. 
 

Table 1.  
Pareto optimal of final improved parameters from equally distanced node in a line 

Pareto optimal Fidelity Coherence 
time (s) 

Measurement 
error rate (%) 

Gate error 
rate (%) 

Photon loss 
rate (db/km) 

Best parameters #1 0.8868 0.0944 1.8761 0.0100 0.0083 
Best parameters #2 0.8417 0.0944 2.9884 0.0100 0.0099 
Best parameters #3 0.8408 0.0947 2.9885 0.0096 0.0099 
Best parameters #4 0.8312 0.0965 2.9885 0.9622 0.0100 
Best parameters #5 0.8307 0.0944 2.9885 0.9622 0.0099 
 

Table 2.  
Pareto optimal of final improvement parameters from real geographic location 

Pareto optimal Fidelity Coherence 
time (s) 

Measurement 
error rate (%) 

Gate error 
rate (%) 

Photon loss 
rate (db/km) 

Best parameters #1 0.7065 0.0984 3.0000 1.6072 0.0056 
Best parameters #2 0.7002 0.0984 3.0000 1.6072 0.0056 
Best parameters #3 0.6805 0.0997 2.9430 1.6072 0.0085 
Best parameters #4 0.6583 0.0997 2.9430 1.6071 0.0093 
Best parameters #5 0.6573 0.0997 2.9430 0.0100 0.0099 
 
Conclusion:  
 In this study, we present a new methodology to optimize a quantum network, which is 
based on a genetic algorithm, aimed at identifying optimal parameters for simulating quantum 
network systems. The proposed approach involves the development of a bespoke genetic 
algorithm. The parameters we have chosen to configure the quantum network system 
encompass critical factors such as qubit coherence time, measurement error, gate error, and 
photon loss in free space. This research comprises two distinct experiments. The first 
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experiment involves simulating an equidistant node configuration, while the second leverages 
actual geographic locations within Thailand with Songkhla and Chiang Mai as end nodes and 
Bangkok as the repeater node situated between them. 
 In the first experiment, equally node distant, each Pareto optimal within the final 
population achieved a fidelity level surpassing the predetermined fidelity target of 0.7. The 
highest fidelity is 0.8868. Our analysis reveals that, as expected, the cost (both average and 
best cost) decreases over generations. Most of Pareto's optimal points in the first experiment 
have met the initial criteria. In the second experiment, real geographic location, which involves 
simulations based on real geographical locations, there are only 2 Pareto optimal points that 
reach the target fidelity. While this meets the requisite threshold, we believe there is room for 
improvement by expanding the search space in genetic algorithms to encourage exploration of 
a wider parameter range. This research has enabled us to implement the methodology within a 
more complex model, streamlining the optimization process within a smaller, more manageable 
search space.  
  In both cases, nonetheless, certain generations exhibited noticeable peaks. Which we 
hypothesize that these peaks may be attributed to individuals within the population 
encountering scenarios during the genetic process where their genetic makeup approaches the 
boundary of the search space. We also notice oscillations in the data. These fluctuations can be 
attributed to two main reasons. First, the unpredictable nature of a genetic algorithm plays a 
role. Second, the use of step functions for cost assessment, along with the inherent randomness 
in our simulations, contributes to these observations. 

This work holds promise as a valuable resource for future initiatives, offering assistance 
to researchers and engineers in identifying hardware and circuit enhancements necessary for 
the implementation of a quantum network in diverse locations. Consequently, the proposed 
methodology stands as a critical asset in a development of a blueprint for the quantum internet. 
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Abstract:  
 For high school students, studying the properties of matter is an important prerequisite 
for other topics in physics. Nowadays, teachers can easily use a multitude of teaching media 
such as video clips and animations to virtually demonstrate changes in the motion of 
constituents in liquids and gases when subjected to external forces. Nonetheless, illustrating 
the change in dimensions of solids caused by external forces remains challenging. The 
present study focuses on developing teaching methods for high school students in the context 
of modulus of elasticity, specifically Young's modulus, which measures a solid's resistance to 
changes in length due to external forces. The research involves scientific literacy learning 
activities using a self-designed experimental setup to measure tensile stress and strain in solid 
wires, with a particular focus on the elasticity of materials. The experiment is supported by a 
worksheet consisting of scientific literacy activities aligned with the Programme for 
International Student Assessment (PISA) framework, categorized into 3 dimensions: 
explaining phenomena scientifically, evaluating and designing scientific enquiry, and 
interpreting data and evidence scientifically. The assessment was conducted with 114 grade 
11 students at Mahidol Wittayanusorn school, a specialized science high school in Thailand. 
The results of the assessments indicated varying levels of student performance. While 
students excelled in designing research protocols, conducting experiments, and analyzing 
data, they showed need for improvement in effectively communicating their findings. The 
study also evaluated students' skills in experimentation, teamwork, and academic 
communication, as well as their attitudes during the activities. The majority of students 
displayed excellent skills and positive attitudes, but some students lacked enthusiasm due to 
the novelty of the topic. In conclusion, the teaching methodology proved effective in 
enhancing students' understanding of Young's modulus and scientific skills. However, there is 
a need to strengthen students' communication skills and improve methods to engage them 
effectively in scientific activities. The study offers insights into enhancing scientific literacy 
and can be used as a model for improving teaching in various physics topics. 

 
Introduction:  
 Studying the properties of matter is an important prerequisite for high school students 
before progressing to other topics in physics. In today's world, teachers can readily utilize a 
wide range of instructional media, such as video clips and animations, to virtually illustrate 
the changes in the motion of constituents in liquids and gases when subjected to external 
forces. However, depicting the alteration in the dimensions of solids due to external forces 
remains a challenging task. This pertains to the modulus of elasticity of solid materials, which 
is a property of a solid that determines its resistance to changes in length, shape, or volume. 
There are 3 types of elastic moduli depending on how the external force is applied to a solid: 
Young's modulus, shear modulus, and bulk modulus. At the high school level, teaching and 
demonstrating Young's modulus for solid materials in one dimension is more straightforward 
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compared to the other two, primarily due to its simplicity. Young's modulus is defined as the 
ratio of tensile stress to tensile strain. It can be interpreted as the solid's resistance to a change 
in length caused by an external force applied to the cross-sectional area of the material. 
Hence, the objective of this work is to enhance teaching management for the modulus of 
elasticity of solids, specifically focusing on Young's modulus. This is achieved by designing 
a competency-based learning activity that utilizes an experimental setup we have developed 
to measure the tensile stress and strain of solid wires using a dial gauge with a high resolution 
of 0.01 mm.1 
 
 In order to evaluate and assess students' learning outcomes in this topic, we have 
developed scientific literacy learning activities that can be assessed according to the 
Programme for International Student Assessment (PISA) framework established by the 
Organization for Economic Co-operation and Development (OECD).2 The assessment of 
scientific literacy can be categorized into 3 dimensions: A (explaining phenomena 
scientifically), B (evaluating and designing scientific enquiry), and C (interpreting data and 
evidence scientifically). In addition, scientific literacy is classified into 6 levels, depending on 
the context and the complexity of the situations encountered by students as illustrated in 
Figure 1. 

 

 
Figure 1.  

The 3 dimensions (A, B, and C) of the assessment of scientific literacy and the 6 levels of 
students' scientific literacy  
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 The assessment of students' scientific literacy was carried out within a 100-minute 
teaching management session across 5 classes consisting of 114 students in grade 11 in the 
academic year 2023 at Mahidol Wittayanusorn school, a specialized science high school in 
Thailand. This institution is dedicated to offering advanced education tailored to the needs of 
gifted and talented students in the fields of science and mathematics. Furthermore, we 
observed the students' abilities in conducting experiments, collaborating with their peers, and 
effectively communicating their academic viewpoints. Additionally, we assessed the students' 
skills and attitudes throughout the activities by utilizing evaluation checklist items. 

 
Methodology:  
Assessment of students' scientific literacy in alignment with PISA 
 The assessment of students' scientific literacy was conducted in accordance with the 
PISA framework, employing a worksheet consisting of 3 sections. The first section 
introduces Young's modulus for one-dimensional solids. The second section provides 
instructions for using the apparatus to determine Young's modulus for solid wires. The third 
section presents scientific literacy learning activities related to the determination of Young's 
modulus for solid wires. This final section includes 5 learning processes, starting with the 
design of the research protocol and concluding with the study's findings. 
 
 The first section: Introduction to Young's modulus for one-dimensional solids 
 One-dimensional solid materials can exhibit elastic properties. This means that when 
an external force is applied to the cross-sectional area of a solid, it may either lengthen or 
shorten. However, upon the removal of the external force, the solid returns to its original 
length. To investigate this property, Young's modulus is introduced and defined as the ratio 
of tensile stress (the force applied to the object) to tensile strain (the object's response to the 
force). It can be understood as the solid's resistance to a change in length resulting from an 
external force applied to its cross-sectional area. In this study, we specifically focused on the 
elastic behavior of a solid within its elastic limit, where the relationship between tensile stress 
and tensile strain is linear. Young's modulus is, therefore, the constant of proportionality 
between these two physical quantities and can be expressed as follows. 3 
 

Y = (F/A)/(ΔL/L) 
 

where F is the external force acting as a tensile force applied to a solid wire, A is the cross-
sectional area of the solid wire, ΔL is the elongation of the solid wire when the tensile force is 
presented, and L is the initial length of the solid wire. Here, the term F/A represents tensile 
stress, and the term ΔL/L is tensile strain. 
 
 The second section: Instructions for using the apparatus to determine Young’s 
modulus of solid wires 
 Our apparatus for determining Young's modulus of solid wires was designed and 
crafted at Mahidol Wittayanusorn school workshop. In this study, we considered gravitational 
force as the external force applied to the cross-sectional area of a solid wire.1 All the 
components of the apparatus are depicted in Figure 2(a). Figure 2(b) displays the manual xyz 
translation stage, which allows for the precise positioning of the dial gauge at the center of 
the slot weight base before measuring the elongation of the solid wire. Masses of 50 g and 
100 g with an uncertainty of ± 1 g, as seen in Figure 2(c), were employed to generate various 
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tensile stresses. To facilitate self-study of students, we prepared a video clip illustrating the 
use of the high-resolution (0.01 mm) dial gauge before the class session. This apparatus 
greatly enhances students' comprehension of the longitudinal expansion of solid wire caused 
by the external force applied to its cross-sectional area.  
 
 In this section, the teacher demonstrated how to use the apparatus and encouraged 
students to replicate the experimental procedure. To enhance understanding, several questions 
were posed to guide students in observing the dial gauge after the masses were successively 
placed on the slot weight rod. The teacher also facilitated a discussion among students 
regarding the independent and dependent variables in this experiment. 
 
 

 
Figure 2.  

(a) Developed apparatus to measure Young’s modulus of solid wires using gravitational force 
as an external force. (b) Dial gauge and manual xyz translation stage. (c) Slot weights. 

Adapted from our previous work.1 
 
 The third section: Scientific literacy learning activities for determination of Young’s 
modulus of solid wires 
 Students were organized into groups consisting of 3-4 individuals. The activities 
encompass 5 learning processes that enable us to assess students' scientific literacy. Here are 
the details of each process. 
 1) Setting the apparatus for experimentation 
 Students were required to provide a comprehensive explanation of the steps to prepare 
the apparatus for accurately determining Young's moduli of two wires: copper wire and iron 
wire. The Young’s modulus values of the copper wire and iron wire used in the experiment 
are respectively 1.1 × 1011 N/m2 and 1.9 × 1011 N/m2. 
 - Measure the initial length of the wire used in the study multiple times using a meter 
stick and record the measurements. 
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 - Measure the wire's diameter both before and after the experiment using a 
micrometer and record the measurements. Calculate the average value of the wire's radius. 
 - Thread the wire through two pulleys, securing one end to the experimental setup's 
base. 
 - Attach a set of weights to the opposite end of the wire. 
 - Set the dial gauge to zero. To accomplish this, adjust the probe of the dial gauge 
with the micrometer mounted on the sliding base in the z-axis so that both the short hand on 
the small dial and the long hand on the large dial of the dial gauge point to zero. 
  
 2) Designing the research protocol 
 Students were tasked with specifying the dependent and independent variables 
relevant to the experiment and drafting a comprehensive and accurate research protocol. The 
following steps are essential for conducting the experiment: 
 - Define the mass on the rod or the weight of stainless steel masses as the independent 
variable and the elongation of the wire as the dependent variable. 
 - Modify the gravitational force applied to the wire by adding at least 5 different 
masses to the rod using stainless steel weights. 
 - For each mass value, measure the elongation of the wire 3 times using the dial gauge 
and calculate the average elongation. 
  
 3) Collecting experimental data 
 Students conducted the experiment independently under the guidance of the teacher. 
They were required to create a dedicated table for recording experimental data, adhering to 
the following guidelines: 
 - The table should include a minimum of 2 columns. The first column should be 
designated for the independent variables (the masses or weights) with the appropriate units, 
and the second column should be for the corresponding dependent variables (the elongation 
of the wire) also with the correct units. 
 - Students were required to display the 3 measured values recorded for each 
elongation, including the appropriate units, before calculating the average elongation. 
 
 4) Analyzing the experimental data and discussing the findings 
 Students analyzed the data collected during the experiment and engaged in a 
discussion of the results. They were encouraged to: 
 - Create a graph using Microsoft Excel by positioning the independent variables on 
the x-axis and the dependent variables on the y-axis. Title the graph and label the axes with 
the relevant units. 
 - Identify any patterns or trends in the experimental data. It is important to note that 
the experiment was designed to be conducted within the elastic limit of the solid wire, so the 
correct trend is a linear regression. 
 - Interpret the relationship between the elongation of the wire (the dependent variable) 
and the mass or weight applied (the independent variable). To achieve this, students should, 
for example, consider the previously mentioned Young's modulus expression and rearrange it 
to obtain the following relationship: ΔL = (gL/YA)m, where g represents the acceleration due 
to gravity. Consequently, the slope of the linear graph, gL/YA, can be used to extract the 
Young's modulus value. 
 - Compare the Young's modulus values obtained for the copper wire and the iron wire 
with their reported values. Calculate the corresponding percentage errors to assess the 
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accuracy of the experimental results. Discuss about some sources of errors that could occur in 
the experiment. 
 
 
 5) Concluding the study 
 In the final process, students were tasked with summarizing the findings of the study. 
They were encouraged to reflect on the following aspects: 
 - When the wire experiences stress, which is the result of an external force acting 
perpendicular to the wire's cross-sectional area, it causes the wire to change in length by 
stretching. This change in length induces strain in the wire. 
 - The stress and strain experienced by the wire are directly proportional to each other 
(exhibiting linearity). The constant of proportionality in this relationship is known as the 
Young's modulus of the wire. 
 - A wire with a high Young's modulus value exhibits high elasticity because it can 
effectively withstand stress from a significant external force while experiencing only a 
minimal change in length relative to its original length. In this experiment, it was observed 
that the iron wire exhibited greater elasticity compared to the copper wire. This observation is 
consistent with the concept of Young's modulus. 
 
 For the assessment of students' scientific literacy in alignment with PISA within this 
study, we have chosen 3 dimensions, each rated at level 3, with a maximum total score of 
10.0 for each dimension: 
 A3 level 3: Capable of making reasonable predictions and providing explanations 
regarding the relationships between changes in events by applying scientific knowledge. This 
evaluation of scientific literacy was based on the explanations related to the Young's modulus 
of solid wires, specifically focusing on the final learning process. 
 B3 level 3: Capable of suggesting a survey method to investigate events that involve a 
restricted scope of study, effectively constraining certain event parameters, while also 
outlining a well-defined and systematic survey process. This assessment of scientific literacy 
was conducted based on the design of the research protocol and the collection of 
experimental data, which encompass the first three learning processes. 
 C2 level 3: Capable of analyzing and interpreting data to unveil patterns that emerge 
from situations with limited conditions, and giving conclusions based on advanced scientific 
knowledge. This evaluation of scientific literacy was derived from the analysis of 
experimental data, the discussion of the findings, and the conclusion of the study, which are 
associated with the last two processes. 
 
Assessment of students’ skills 
 The assessment of students' skills took place in the classroom while they were 
conducting the experiment. The teacher observed each student's behavior and skills, assigning 
a score of 0, 1, or 2 for each evaluation checklist outlined in Table 1. 
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Table 1.  
An example of behavioral observation form in skill training activities. This form is designed 
to evaluate students’ skills during the learning activities. Each evaluation item can receive 

scores of 0, 1, or 2. 
Evaluation checklist 0a 1b 2c 

1. Correct and safe use of tools and equipment in experiments    
2. Skills in observation and data recording    
3. Proficiency in analyzing, discussing findings, and summarizing results    
4. Skills in collaborating with others    
5. Effective and clear academic communication and presentation of ideas    
aThe score 0 represents students do not exhibit behavior and lack the skills for proper 
performance. 
bThe score 1 represents students exhibit behavior and/or possess skills for performance, but 
they are not clear or entirely accurate. 
cThe score 2 represents students exhibit behavior and/or possess skills for proper 
performance.  
 
 The total score from all the evaluation checklists represents each student's skills. The 
evaluation criteria are as follows: 9-10 points indicate excellent, 7-8 points indicate good, 5-6 
points indicate satisfactory, and 0-4 points indicate the need for improvement. 
 
Assessment of students’ attitudes 
 The evaluation of students' attitudes was conducted in the classroom as they were 
engaged in the experiment. The teacher observed each student's behavior and allocated a 
score of either 0 or 2 for each item on the evaluation checklist provided in Table 2. 
 

Table 2.  
An example of behavioral observation form for attitude assessment. This form is designed to 
assess and document student's attitudes during the learning activities. Each evaluation item 

can receive scores of 0 or 2. 
Evaluation checklist 0a 2b 

1. Enthusiasm for the pursuit of knowledge   
2. Collaboration in all the activities   
3. Responsibility for submitting the assignment on time   
4. Positive attitude toward science learning   
5. Recognizing the value of applying knowledge in everyday life    
aThe score 0 represents students do not exhibit behavior. 
bThe score 2 represents students exhibit behavior. 
 
 The total score from all the evaluation checklists represents each student's attitudes. 
The evaluation criteria are as follows: 10 points indicate excellent, 8 points indicate good, 6 
points indicate satisfactory, and 0-4 points indicate the need for improvement.  
 
Results and Discussion:  
 Following the completion of the class, students were assigned to compose a group 
report on the experiment. Table 3. displays the results of the assessment of students' scientific 
literacy, aligned with PISA, across 3 areas: A3 level 3, B3 level 3, and C2 level 3. The table 

77



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

includes the average scores for each scientific literacy area and the percentage of students 
achieving a minimum passing score of at least 6 out of 10. 
 

Table 3.  
Results from the assessment of students’ scientific literacy in alignment with PISA. Average 
scores for each scientific literacy area and the percentage of students scoring at least 6 out of 

10 are reported. 
Scientific literacy area aligned with PISA Average score % correct (N = 114)a 

A3 level 3 5.66/10.0 48.25% 
B3 level 3 8.07/10.0 100% 
C2 level 3 7.06/10.0 78.07% 

aThe percentage of students having the score of at least 6 out of 10, which is the minimum 
passing criteria. The total number of students is 114. 
 
 The results indicate that students performed exceptionally well in the assessment of 
their scientific literacy B3 level 3, achieving an impressive average score of 8.07 out of 10.0. 
Furthermore, it is noteworthy that every student (100%) met the minimum passing criteria. 
This suggests that all students possess the capability to design an appropriate experimental 
protocol, identify independent (mass or weight applied) and dependent (elongation of the 
wire) variables, and accurately collect data from the experiment.  
 
  In the assessment of scientific literacy C2 level 3, students also demonstrated strong 
abilities in analyzing experimental data using graphing methods, interpreting the relationship 
between mass and elongation, extracting the Young's modulus value of the wire, and 
effectively concluding the study. These findings are substantiated by the high average score 
of 7.06 out of 10.0, and a majority of students (78.07%) successfully met the minimum 
passing criteria. This highlights that the apparatus developed to measure Young's modulus of 
solid wires and the structured learning processes overseen by the teacher have significantly 
enhanced students' competence in conducting experiments using the scientific method. 
However, it is essential to acknowledge that a minority of students (21.93%) still require 
improvement in their experimental skills. Identifying their specific challenges and providing 
targeted support can further enhance the overall effectiveness of the educational approach. 
 
 In contrast to the previous assessments, the evaluation of scientific literacy A3 level 3 
has yielded concerning results, with an average score of 5.66 out of 10.0. Furthermore, less 
than half of the students (48.25%) met the minimum passing criteria. This suggests that while 
most students are proficient in conducting the experiment effectively, there is a notable need 
for improvement in their communication skills, both in speaking and writing. To address this 
issue, it is crucial to focus on enhancing students' abilities to effectively convey their findings 
from the experiment. Students should be encouraged to provide concise and comprehensive 
summaries of their results, emphasizing the key results and insights gained from the 
experiment. Developing strong communication skills in scientific contexts is integral to the 
overall success of students in scientific education and research. This may involve additional 
training or exercises to strengthen their ability to articulate their findings clearly and 
effectively. 
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 Throughout the experiment session, students' skills and attitudes were assessed. The 
results are presented in Table 4 with the percentage of students attaining each level of 
performance. 
 

Table 4.  
Results from the assessment of students’ skills and attitudes. The percentage of students 

achieving each level of performance is reported. 
Assessment Excellence Good Satisfactory 

Assessment of students’ skills 65.79% 28.07% 6.14% 
Assessment of students’ attitudes 90.35% 9.65%  

  
 In the assessment of students' skills, the majority of students (65.79%) performed at 
an excellent level. However, a small portion achieved a good level of performance (28.07%), 
and a very few were at a satisfactory level (6.14%). Those in the good and satisfactory levels 
made minor mistakes during the analysis of experimental data using graphing methods and 
provided unclear discussions regarding their findings. Specifically, students at the satisfactory 
level encountered challenges in effectively communicating their academic opinions and 
presenting their ideas clearly. To enhance the skills of these students and help them improve 
their performance, it may be beneficial to provide additional support and guidance in areas 
such as data analysis, graph interpretation, and effective communication of scientific 
findings. This support can aid in bridging the gap and elevating the performance of students 
who have the potential to excel further. 
 
 In the assessment of students' attitudes, a substantial majority of students (90.35%) 
exhibited excellent level of performance. However, a small group (9.65%) appeared to lack 
enthusiasm for the pursuit of knowledge. The students in this latter group may not have fully 
engaged with the topic, possibly due to its novelty, resulting in difficulties in following the 
instructions and explanations provided by the teacher at the beginning of the session. As a 
consequence, these students received scores lower than 6 out of 10. To address this issue, it is 
important to consider strategies for increasing student engagement and motivation, 
particularly for topics that are new or challenging. Providing additional support, 
clarifications, or alternative approaches to instruction may help improve the enthusiasm and 
engagement of these students. Encouraging active participation and a positive learning 
environment can also contribute to boosting their attitudes and overall performance. 
  
Conclusion:  
 In conclusion, this study involved the design and implementation of scientific literacy 
learning activities focusing on the modulus of elasticity for 114 grade 11 students at Mahidol 
Wittayanusorn school during the academic year 2023. These activities utilized an 
experimental setup to measure the tensile stress and strain of solid wires with a dial gauge. 
The design and assessment of the activities were aligned with the PISA framework, and 3 
domains of scientific literacy were evaluated: A3 level 3, B3 level 3, and C2 level 3. 
Additionally, students' skills and attitudes were assessed throughout the activities. The 
findings from this study indicate that the assessments of students' scientific literacy at the B3 
level 3 and C2 level 3 were satisfactory, suggesting that the majority of students performed 
well in these areas. However, the evaluation of scientific literacy at the A3 level 3 raised 
concerns, as less than half of the students met the minimum passing criteria. This highlights 
the need for improvement in students' communication skills, particularly in the context of 
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articulating their findings clearly and effectively. The assessment of students' skills also 
revealed that a minority of students faced challenges in effectively communicating their 
academic opinions and presenting their ideas clearly. In the evaluation of students' attitudes, a 
small group of students lacked enthusiasm for pursuing knowledge, likely due to the novelty 
of the topic. This resulted in difficulties in following instructions and explanations provided 
by the teacher at the beginning of the session. In this work, the teaching methodology proved 
effective in enhancing students' understanding of the concept of the modulus of elasticity of 
solids and in improving their scientific skills through scientific literacy learning activities 
using the developed apparatus. However, it also underscored the importance of strengthening 
students' communication skills and finding ways to engage them effectively in activities. This 
study can serve as a pilot teaching model for other physics topics aimed at developing 
students' scientific literacy and identifying areas within a class that require improvement and 
reinforcement. 
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Abstract:   

A single-photon source generated by spontaneous parametric down-conversion (SPDC) 
process is very important in quantum optics laboratories. A simple method for setting up SPDC 
in a Beta Barium Borate (BBO) crystal is proposed. Two He-Ne lasers as guide lasers are 
passed through four diaphragms positioned at the vertices of an isosceles triangle and at the 
middle of its base. The angle between the middle line and two equal sides are ±3! . The BBO 
crystal is placed at the vertex point of the triangle. This configuration allows precise and easy 
positioning the other optical devices, especially, the detectors. The heralded single-photon 
signals with a high signal-to-noise ratio we achieved by this method. Even with a low-cost 405 
nm diode laser module, the coincidental count rate reaches 3036 counts/s, with a noise level as 
low as 18 counts/s.  
 
Introduction:  

A single-photon source is an important component in the field of quantum optics, 
quantum communications, quantum information, quantum cryptography, quantum 
communication networks[1-5], and quantum processing[6-10]. SPDC is the process that 
enables the particle-like property of light consequently, it is a simple generation of single 
photon by absorbing one photon and remitting to two photon lower frequencies[11]. This 
heralded single photon can be tested by the Hanbury-Brown and Twiss experiment, i.e. a beam 
to be tested is sent in to a beam splitter to examine the coincidence of two signals from the 
photon pair detected by two detectors in the reflecting path and the transmitted paths[12]. This 
proceeding proposes a simple, but effective protocol to set up a single photon source, which is 
versatile by using four iris diaphragm to construct isosceles triangle. He-Ne lasers guide lasers 
alinement by four diaphragms positioned at the vertices of an isosceles triangle, that make 
guide lasers serving as down-conversion with non-collinear making angle of 3! with respect 
to the pump beam outside the crystal precisely. This configuration make the alignment of 
optical devices simple and precise. It is a free space setup with  BBO crystal as a single photon 
generator with a cost-effective 500mW continuous laser(priced at 1500 baht) as a pump beam. 
The set up allows us to avoids the commonly used, but expensive technique, i.e. using the two 
aluminium rails have the same pivot at the position of the BBO crystal to align optical devices, 
which need to be specially created. The examples of the experimental set up employing such 
expensive technique include K Boonkham and P Limsuwan[13],Benjamin VEST and Lionel  
Jacubowiez[14], Gustavo Armendáriz and Víctor Velázquez[15]. Although some techniques 
of SPDC do not require two aluminium rails as demonstrated by Muhammad Hamza Waseem, 
Faizan-e-Ilahi and Muhammad Sabieh Anwar[16], diaphragms used only to calibrate the 
optical elements to have the same height on the table, doesn't use to alignment position the 
other optical devices. 
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Methodology:  
Theoretical 
BBO crystal for SPDC 

SPDC in BBO crystal is a non-collinear phase-matching process, When a pump photon 
is absorbed by the BBO crystal from NEWLIGHT(PABBO5050-405(I)-HA3), the two 
daughter photons with half energy of the pump photon are reemitted and makes an angle 
relative to the pump photon. This process obeys the principles of energy conservation and 
momentum conservation through this equation(1), 

 "" = "# +"$ and %
⃗
" = %

⃗
# + %

⃗
$. (1) 

When "" is frequency of pump photon, "# is frequency of signal photon and "$ is frequency 

of idler photon, %
⃗
"	is wave vector of pump photon, %

⃗
#	wave vector of signal photon and %

⃗
$  

wave vector of idler photon. 
The angle of down-conversion relative to the pump photon obeys 

 '"("") = '&(""/2),-./&, (2) 
when n' is refractive index of pump photon,	n( is refractive index of down-conversion photon 
and /& is angle of down-conversion photon with respect to pump photon. 
For SPDC in BBO type I crystal which e-ray converse to o-ray, the Refractive index from 
Sellmeier for BBO crystal is 

 '!)(1) = 2.7359 + *.*,-.-
/!0*.*,-)) − 0.013541

), (3) 

 

 '!)(1) = 2.7359 + *.*,-.-
/!0*.*,-)) − 0.013541

), (4) 

when l given in µm, '! is ordinary index of refraction in crystal and '1 is extraordinary index 
of refraction in crystal. The relation of the extraordinary index of refraction with the angle q 
from the optical axis is given by  

 ')(/) = 2"!(/)2#!(/)
2"!(/)5!#!672#!(/)#$2!6

, (5) 

where the pump beam enters the crystal with a certain angle q with respect to the optical axis 
and the frequency dependence of '1  and '! is omitted for brevity. The extraordinary index is 
varied with the incident angles.  
To find the angle /& when the pump beam of a frequency l enters the crystal and produces the 
down-converted photons at frequency of 2l and optic axis make angle of q,  

 '(/) = '"(1") = '&(21"),-./&, '&(21") = '!(21").  (6) 
Then we have  

 ('!(21"),-./&)) = 2"!(/$)2#!(/$)
2"!(/$)5!#!672#!(/$)#$2!6

, (7) 

 
 
 

 
/& = ,-.0, : 1

'!(21")
; '1)(1")'!)(1")
'1)(1"),-.)/ + '!)(1").<')/

=. (8) 
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In this setup, the pump beam with a wavelength 0.405 µm enters the BBO crystal. This pump 
beam is the extraordinary ray comparing to the optic axis which making angle of 29.97! to the 
normal line. This produces the down-converted photons at wavelength of 0.810 µm which are 
the ordinary rays. By substituting these variables into the latest equation, the down-conversion 
angle /& can be find and its value is 3! comparing to the normal line. Consequently, single 
photon detectors and other optical devices must be located at this angle. Thus, this angle is 
crucial to the setup and must be focused on precisely. 
 
Three-Detector Measurement of !!"($)(0) 
 From Figure 4, method of three-detector measurement of >89())(0)[12]	<.  the two 
daughter photon’s beam coming from the BBO are separated, one beam is detected at detector 
G, while the other goes to the beam splitter and is detected at detectors T and R, because 
detector T and R have detection conditions at the detector. G therefore expects that the 
probability will be according to this equation 

 >89())(0) =
:%&'
:%&:%'

.		(10). (9) 

When %&'(  is the probability of coincidence of signals between detector T R and G, %&'  is 
the probability of coincidence of signals between detector T and R, %&( is the probability of 
coincidence of signals between detector R and G 

 A;<= = >%&'
>%

, A;< = >%&
>%

	C'D  A;= = >%'
>%

. (10) 

When  &&'(&&()  is the number of detections that detector T(R) and detector G have 
simultaneously and &&'( is number of detections that three detector T(R) and detector G have 
detections photon signals in same time then 

 >89()) =
>%&'>%
>%&>%'

		(12) . (11) 

 
Experimental setup 
 

 
Figure 1. Schematic of the experimental setup to from a isosceles triangle angled at ±3 

degrees for the pump beam and the signal and idler beams. 
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In the first step, two He-Ne lasers are used as guide beams and splitted into three beams. 

The first He-Ne beam is aligned through two diaphragms to create a central line. Other two 
diaphragms are placed at 3 centimeters beside of the central line on both sides and 57.3 
centimeter away from the reference point for the BBO(NEWLIGHT NCBBO5300-405(I)-
HA3) crystal on the same central line. Its position is the vertex of a triangle. Those diaphragms 
are used to create an isosceles triangle angled at ±3° relative to the crystal. Then two He-Ne 
laser are aligned these diaphragms, represent the pump beam at the center line, the signal and 
idler beams angled at ±3° from the center line respectively as shown in Figure 1. 

In the second step, the prism mirror, mirrors and lenses are placed in signal and idler 
part to the single photons from BBO. These single photons consequently pass through bandpass 
filters before reaching avalanche photodiode (APD) detectors placed in each path as shown in 
Figure 2. 
 

Figure 2. schematic of the setup for aligning the single photon detector 
 

In the last step, a 5mm X 5mm X 3.0mm Type-I BBO crystal is replaced the reference 
diaphragm and is pumped by a 500 mW, 405 nm laser diode which spatial filter by passing 
through a lens and a pinhole. Another lens is used to collimate the laser beam and reduce 
unwanted feedback light reflected into the laser cavity. Finally, the 405 nm laser beam is 
aligned such that its beam pass through two reference diaphragms on the center line as shown 
in Figure 3. 
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Figure 3. schematic of the experiment setup for 405 nm pump beam 
 

Coincidence signals between signal and idler photons are measured using two APDs 
and time tagging module(quTAG MC). The signal from the last step,  one APD serves as the 
trigger to start the clock, while the other APD signal is used to stop the clock. These start-stop 
signals at various time difference are stacked and used to plot the histogram of coincidence 
signal at different time. 

To prove the existing of single-photon signal, the photon antibunching measurements 
is conducted. A 50:50 beamsplitter is added in front of the stop-clock APD. A another APD 
are added to receive the reflecting beam of the beamsplitter, serving as another stop-clock 
signal(HBT setup) as show in Figure 4. The coincidence histogram between the start and stop 
signals at the reflected output beamsplitter and the start and stop signals at the transmission 
output beamsplitter are measured. For measure the quantum correlation  at different delay 
time. delay time can change by the time of the stop signal at the reflected output beamsplitter 
is offset from -10 ns to +10 ns with 200 ps step before calculate coincidence 

 
Figure 4 schematic of the HBT setup for photon antibunching measurements and 

coincidence measurements 

g(2)(τ)
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Results and Discussion:  

To verify that this setup can produce single photon pairs,  correlation between 
signals which is measured by coincidence signals must show peaks located at the time delay 
corresponding to the path difference of the light beams. The two peaks are at time delay of 14.4 
nanoseconds and 23.2 nanoseconds as shown in Figure 5. This corresponds to the correlation 
between photon signal reaching the detector in the signal-photon beam to start the clock and 
photon signals reaching one of the two detectors, located at both output port of BS, in the idler 
photon beam to stop the clock at both output port of BS. The first peak is coincidence between 
start and stop at the transmission port of BS and the second peak is coincidence between start 
and stop at the reflection port of BS in which the detector is place in the longer path. The 
number of pair photons that can produce is represented by the number of coincidence counts 
of both peaks, sum number of coincidence counts of both peaks at any time delay, the 
coincidental count rate is 3036 counts/s, with a  averaged noise level at 18 counts/s.  

The >())(0) correlation peak indicate that there is a pair of single photon at small time 
interval on the signal and idler beam. At zero time delay( ), the three detector >())(0)  
value is near zero, coincidence window increase make the width of well is and also increase 
height of the bottom well. With coincidence window at 0.5 ns, 1 ns, 3 ns and 6 ns as a result, 
the well width are 2.2 ns, 2 ns, 5.8 ns and 11.88 ns and height of the bottom well are 0.020, 
0.028, 0.114 and  0.240 respectively as show in Figure 6. 

 

Figure 5. The coincidence signal at each time delay. The blue is a coincidence of 3 detector 
on HBT setup collection data for 300 s, peaks at a time delay of 14.4 ns  

and 23.2 ns 

g(2)(τ)

τ = 0
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Figure 6. The graph demonstrates the value of >())(E)  as a function of time delay. The blue, 
green, grey and orange date are the >())(0)  with a coincidence window of 500 ps, 1000 ps, 

3000 ps and 6000 ps respectively. 
 
Conclusion:  

In summary, we propose an SPDC setup technique that uses only four diaphragms as 
reference point and two He Ne lasers as guiding lasers for the signal and idler beam from 
SPDC process, marking an angles of ±3! to the BBO crystal, the position of the optical devices 
can be tuned precisely and easily and the heralded single-photon signal can be measured with 
a high signal-to-noise ratio, even with a cost-effective 405 nm diode laser module (1500 THB).  

The number of coincidence signals at each time delay shows two peaks at a time delay 
of 14.4 ns and 23.2 ns. These peaks show that single-photon source can produce pair photons 
at rate is 3036 count/second with a noise level of 18 count/second. The quantum correlation 
>())(0)  at different delay time was measured at four different coincident windows. The 
minimum value is 0.020 at the coincident window 0.5 ns. We found that the >())(0)  increases 
increase with the increase coincidence window. The near zero value of the correlation verifies 
the particle property of our singe photon source 
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ABSTRACT 

Many researchers have worked on various metal matrix composite (MMC) production 
procedures, which has reduced their cost to a nominal level when compared to other types of 
casting processes. Many of the process factors of stir casting route, accurate selection of base 
matrix, the weight percentage of reinforcements, and reinforcement particle grain size can affect 
the properties and characteristics of such MMCs materials. The distribution of reinforcements, 
on the other hand, is determined by the parameters of the stir casting process. The study of the 
effects of stir casting parameters on particle distribution and the best selection of these remains 
a challenge for ever-expanding businesses and research. In this research, meticulous efforts 
were made to investigate the effect of stirring parameters in the stir casting process. 
Furthermore, best stir casting parameter values were provided, which may be useful to 
researchers working on Al-MMC development. This paper aiming to offer a comprehensive 
analysis of Al-MMCs behaviour affected by pouring temperature and speed which produced 
using the most cost-effective liquid state stir casting process.  

Keywords: Casting, stir casting, Al-MMCs, stirring parameters, metal matrix composite 
(MMC) 

INTRODUCTION 

Aluminium matrix composites (Al-MMCs), copper matrix composites (Cu-MMCs), and 
magnesium matrix composites (Mg-MMCs) are some examples of MMCs that are high in 
demand these days in various applications such as the aerospace, automobile, and electronics 
industries, amongst many others, due to their appropriate properties and low-price availability 
(Singh et al., 2016).   

Aluminium matrix composites are composites in which the base material (matrix) is 
aluminium or aluminium alloy, and the reinforcements are usually non-metals. Reinforcements 
can be added in many forms, such as particles, whiskers, and fibre, and can be added in volume 
percentage or weight percentage (wt %). More than one reinforcement is added to the 
aluminium matrix in a hybrid aluminium matrix. And for its high stiffness, strength-to-weight 
ratio, superior wear resistance, controlled coefficient of thermal expansion, higher fatigue 
resistance and better stability at really high temperatures, and high electrical and thermal 
conductivity compared to conventional metals and alloys, particles reinforced aluminium 
matrix composites are used in automobile, aerospace, and structural applications (Singh. et al., 
2016). The selection of processing techniques has a significant impact on the composite's 
properties.  
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Stir casting is suitable processing technique to fabricate aluminium matrix composites since it 
is a mass-production friendly technique and cost-effective. Aluminium is melted in the initial 
step of stir casting. Aluminium that melts react with the moisture and environment during 
melting to generate a layer of aluminium oxide (Al2O3), as shown in Eq (1). This layer protects 
the melt's surface from the additional atmospheric reactions.  

2𝐴𝑙 + 3𝐻2𝑂 ⇔ 𝐴𝑙2𝑂3 + 6𝐻 Eq (1) 

Stir casting is one of the methods of casting that includes continuously stirring the melt, 
exposing the melt surface to the atmosphere, and causing continuous oxidation of the 
aluminium melt. The wettability of the aluminium decreases because of continual oxidation, 
leaving the reinforcing particles unmixed. Al2O3 is a chemical compound that cannot be 
decreased under normal conditions with maintaining melt wettability. To totally halt the 
oxidation, an inert atmosphere must be provided, which is fraught with difficulties. As a result, 
adding wetting agents to the melt, such as borax, magnesium and TiK2F6, is a common solution 
to this problem and is commonly applied in the fabrication of Al-MMCs (Pai. et al.,1995). Apart 
from the oxidation issue, another crucial issue in the stir casting method, which is regulated by 
stirring parameters, is ensuring homogenous particle dispersion in the melt. As a result, stirring 
parameter selection is crucial in the stir casting process. Stirring time, stirring speed, impeller 
blade angle, impeller position, and impeller size are all significant factors that can affect the 
distribution of reinforcements in the matrix.    

Porosity formation is one of the most significant issues with cast metal matrix 
composites (MMCs). Porosities can occur at the interface between the reinforcing particles and 
the matrix alloy in stir cast MMCs. In a cast MMC, the volume fraction of porosity and also its 
distribution and size, have a key influence in influencing the material's mechanical properties. 
Failures generated from particle fracture in the reinforcement-matrix interface due to voids 
coalescence, pores within the matrix material, and reduced ductility are some of the problems 
that arise in metal matrix composites due to the presence of porosity. The corrosion resistance 
of the casting and pores within the matrix material might also be harmed by this type of 
composite flaws. As a result, porosity levels must constantly be kept to a minimum, (Ahmad et 
al., 2005).  

Objective of this research is to offer a better understanding on the effect of pouring 
temperature and stirring speed and optimization of pouring temperature and stirring speed for 
the fabrication of Al-MMCs through stir casting method. Al-Mg alloy was selected as an alloy 
in this investigation. Other than that, this paper also aiming to analyse the mechanical behaviour 
of Al-MMCs composite alloys through stir casting process.  

METHODOLOGY 

Sample preparation 
Aluminium-magnesium (Al-Mg) was melted in high temperature furnace by casting technique. 
Al-Mg alloy was identified for its properties through their mechanical characterizations. 

Al-Mg alloys were prepared according to categories, and their parameters. For the first 
batch, Al-Mg had gone through the process of melting in the furnace at 650, 700 and 750 °C. 
After the alloy melted, homogenization process had been conducted for about 15 minutes with 
different stirring speed. The speed that chosen were 100, 200, 400 and 500 rpm. All elements 
mixed gradually in the furnace and finally the mixture was poured on the stainless steel mould 
and cooled it in room temperature. [9]. 
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Mechanical Characterization 

Hardness testing  
The hardness of a substance can be determined using a number of different approaches. 

The Vickers hardness test with ASTM E384 standard is the test that will be use in this research. 
Through the scale of penetration of an indenter loaded on a material test-piece, the Vickers 
scale characterizes the indentation hardness of materials. The diamond indenter is shaped like 
a right pyramid, with a square base and a 136° angle between opposite vertices. For 15 seconds, 
a diamond indenter was pressed into the surface of the prepared material with a mass of 200 
grams. Five indentations were produced for each sample composition; each indentation was at 
least 2mm apart, and the average value was taken. The diagonal lengths were measured using 
a microscope with a changeable slit integrated into the eye piece and a diamond indenter that 
made a square impression. If the indentation and lengths received from a resolution counter 
geared to the movement, the width of the slit was modified such that its edges meet with the 
corner. If the indentation and lengths were received from a resolution counter geared to the 
movement of the slit, the width of the slit was changed so that its edges meet with the corner. 
By referring to an ocular chart corresponding to the applied force of 200g, the reading was 
transformed into Vickers hardness number (Hv), avoiding repetitive calculations.  

  
  

  
Figure 1. Vickers hardness tester  

  
  

Impact Strength Test  
 
An impact test measures a material's toughness, which is defined as its ability to absorb 

energy during plastic deformation. When compared to the strength achieved under a slowly 
applied load, impact strength is often lower. As a result, the impact test assesses the energy 
required to fracture a conventional notch bar when an input load is applied. Impact strength 
testing by Izod is a common method of assessing impact resistance. On a notched sample, the 
Izod impact test was performed. Casting was used to create a standard square impact test 
specimen with dimensions of 75mm x 10mm x 10mm, a notch depth of 2mm, and a notch angle 
of 45°. The machine could produce impact energies ranging from 0 to 164J. The hammer 
weighed 22 kg. Figure 4.1 shows schematic diagram of Izod testing setup.  
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Figure 2. Schematic of Izod Testing Setup 

RESULTS AND DISCUSSION 

Hardness and Impact Properties 

Figure 3(a) and (b) below shows the properties of hardness and Impact strength for Al-Mg alloy 
against casting stirring speed and the difference in casting temperature. From graph (a), it shows 
that the optimum hardness value is reached when the stirring speed is 400 rpm. The three same 
trends are shown by the use of different casting temperatures of 650, 700 and 750 C. However, 
the highest temperature of 750 C produces the highest hardness value of 85 Hv compared to 
the use of temperatures of 650 and 700, which are 75 da respectively 73 Hv. 

Likewise with the trend for impact strength, the optimum value is also obtained when using 
stirring speed at 400 rpm. However, the highest value was recorded at the casting temperature 
of 750 which recorded the highest hardness value of 68 Hv, compared to the casting 
temperature of 650 and 700 where the respective values were 46 and 53 Hv. 

Fig. 3(a) Hardness (Hv), (b) Impact strength (J) of Al-Mg alloy versus casting stirring speed 
(rpm) with different pouring temperature 
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Figure 4(a) and (b) below shows the properties of hardness and Impact strength of Al-Mg alloy 
against casting temperature with difference in stirring speed. From graph (a), it shows that the 
optimum hardness value is reached when the casting temperature is 750 C. The three same 
trends are shown by the use of different stirring speeds of 100, 200, 400 and 500 rpm. However, 
the highest stirring speed of 400 rpm produces the highest hardness value of 85 Hv compared 
to the use of temperatures of 650 and 700, which are 75 and 73 Hv respectively. 

Likewise with the trend for impact strength, the optimum value is also obtained when using 
stirring speed at 400 rpm. However, the highest value was recorded at the casting temperature 
of 750 which recorded the highest hardness value of 85 Hv, compared to stirring speed of 100, 
200 and 500 rpm respectively at the casting temperature of 650 and 700 where the respective 
values were 67, 75 and 47 Hv. 

Fig. 4 (a) Hardness (Hv), (b) Impact strength (J) of Al-Mg alloy versus pouring temperature 
with different stirring speed (rpm) 

According to Serajul et al., (2014), indicates that variables (stirring speed and pouring 
temperature) have a considerable effect on output variables like hardness and impact strength. 
They carried out that pouring temperatures ranging from 700°C to 750°C provide the best 
hardness and impact strength for all stirring speeds when the pouring speed is held constant 
at 2.5 cm/s. The study by Manoj et al., (2009) which suggests that increasing the composition 
of SiC increases hardness and impact strength, as well as the study's suggestion that 
homogenous dispersion of SiC particles in the Al matrix exhibits an upward trend in 
mechanical properties, gives some support to the conclusion. They stated that increasing 
stirring speed increases the impact strength and hardness of the material up to a certain point, 
after which these properties drastically decrease. They also reported that stirring speed of 400 
rpm gave the ideal value of hardness and impact strength for MMCs.  
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Abstract:  

Remineralizing agents have been widely used for preventive and non-invasive care of non-
cavitated carious lesions to restore minerals to demineralized enamel. Nanohydroxyapatite (nHAp) and 
sodium fluoride (NaF) are among the most effective and commercially available caries-preventing 
remineralizing agents. Biosurfactants produced by oral bacteria Lactobacillus have been shown to 
inhibit biofilm formation. However, there is limited evidence of Lactobacillus biosurfactants’ effects 
on remineralization process. Thus, this research aimed to investigate the emulsifying and antibiofilm 
activities of the L. fermentum biosurfactant (LFB) against Escherichia coli biofilm and the effects of 
LFB in combination with nHAp and NaF on remineralization of initial caries. The emulsifying and 
biofilm-inhibiting properties of LFB were investigated by oil-spreading and antibiofilm assays, 
respectively. The remineralization treatments were examined on E. coli biofilm-coated and acid-
demineralized hydroxyapatite (HA) discs as artificial initial caries. Analysis of microbial growth on the 
surface of HA discs was performed using the WST-8 assay and SEM-EDX. The results showed that 
LFB efficiently acted as emulsifiers and significantly reduced biofilm formed by E. coli in the co-
incubation experiments. Treatments of nHAp and NaF with added LFB were shown to reduce microbial 
viability in short-term biofilm-precoating experiments. In addition, LFB were demonstrated to form 
emulsion-based nanoparticles containing nHAp and NaF as revealed by TEM-EDS. Remineralization 
treatments with preformed nanoparticles increased calcium-phosphorus ratios on the surface of HA 
discs in biofilm-precoating and co-incubation experiments. These results would suggest further studies 
on using LFB as antibiofilm agents along with nHAp and NaF for prevention and treatment of initial 
caries. 
 
Introduction:  

Caries lesion is formed when tooth surface or enamel is demineralized or loses its mineral 
contents, mostly calcium and phosphate, by various causes including biofilm formation, the major one. 
However, there is the reverse process of demineralization, termed remineralization, which enhances the 
deposition of minerals, primarily in the form of calcium phosphate or hydroxyapatite crystals, slowing 
the problem of caries lesion. Consequently, remineralizing agents, such as sodium fluoride (NaF) and 
nanohydroxyapatite (nHAp), are currently the potential substances to treat dental caries, particularly for 
an active initial stage or non-cavitated caries lesion.1 

Biosurfactants or biological surfactants are a diverse group of surface-active biomolecules 
synthesized by various microorganisms, such as bacteria, yeast, and fungi, which can reduce the surface 
tension between two phases and aid in emulsifying two immiscible substances, unveiling potential 
properties of antibiofilm and antiadhesion. Additionally, biosurfactants have recently gained attention 
in various industries because, unlike many synthetic surfactants, they are usually biodegradable, less 
toxic, ubiquitous, and compatible with ecosystem.2,3,4 In this research, we focused on the effectiveness 
of bacterial biosurfactants on remineralization by virtue of their anti-adhesive properties, which inhibit 
biofilm formation. However, there is a lack of clear scientific evidence and clinical studies to back up 
the usefulness and effectiveness of using biosurfactants with other remineralizing agents. Thus, the aim 
of this study was to investigate the efficacy of NaF and nHAp with biosurfactants extracted from 
Lactobacillus fermentum (LFB), on remineralization of the hydroxyapatite (HA) surface as well as the 
optimization and functional characterization of isolated LFB. The biosurfactants from such organisms 
were selected because Lactobacillus fermentum is a common oral microbiota in humans, and LFB was 
reported to be one of the most efficacious agents in inhibiting the growth of microorganisms.3
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Methodology:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diagram 1. Schematic diagram of the research methodology 
 

1. Materials and Instrumentation 
For culture media, nutrient broth (NB), nutrient agar (NA), and Luria-Bertani broth, Miller (LB) 

were purchased from HiMedia, India. Lactobacilli De Man-Rogosa-Sharpe MRS was purchased from 
Criterion, Hardy Diagnostics, USA. The other chemicals as follows were commercially obtained: 
rhamnolipid (AGAE Technologies, USA) sodium fluoride (NaF) (EMSURE, Merck, Germany), 
hydroxyapatite (HA 60 nm, MySkinRecipes, Thailand), 10% w/v nHAp (aqueous colloidal dispersion 
form, Alfa Aesar, USA).  

The instrumentation is listed as followed: microvolume UV-vis spectrophotometer (Nanodrop 
OneC, Thermo Scientific, USA), spectrophotometer-microplate reader (Varioskan LUX, Thermo 
Scientific, USA), lyophilizer (Alpha 2-4 LDplus, Martin Christ, Germany), hydraulic press (Specac, 
UK), sinter furnace (P330 Nabertherm, Germany, and vortex mixer (Vortex-Genie 2, Scientific 
Industries, USA). 
 
2. Bacterial Strains and Culture Condition 

The Lactobacillus fermentum TISTR055 (ATCC 14931) strain was acquired from Thailand 
Institute of Scientific and Technological Research (TISTR). For Escherichia coli OP50 strain was 
retrieved from the Department of Anatomy, Faculty of Science, Mahidol University. The bacterial 
strains were stored at -56°C, in a medium supplemented with glycerol (30% v/v). For L. fermentum, the 
frozen stock was inoculated in MRS broth and incubated at 37°C overnight prior to use. For E. coli, the 
frozen stock was inoculated in LB and incubated at 37°C overnight prior to use. 

 
3. Biosurfactants Production 

L. fermentum was cultured on MRS agar by the streak plate method and incubated at 37°C 
overnight. A single colony of L. fermentum was inoculated into 100 ml of MRS broth and incubated 
overnight. The OD600 of the broth culture was measured by using a UV-vis spectrophotometer and 
adjusted to be 0.7 before use.  
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4. Biosurfactants Isolation 
The broth culture of L. fermentum was centrifuged (10,000×g, 5 min, 10°C) by a superspeed 

centrifuge (Sorvall LYNX 4000, Thermo Scientific, USA). The supernatant was collected by pipetting. 
Subsequently, the supernatant was filtered through a syringe filter CA-CN 25 mm 0.45 micron. The 
solution was dialyzed against DI water through cellophane at 3°C for 2 h. The dialyzed solution which 
contains L. fermentum biosurfactants (LFB) was separated into 26 tubes, frozen with liquid nitrogen 
transiently and freeze-dried under the pressure of 1.0 mbar at -87°C for 4 days.5 
 
5. Oil Spreading Assay 

The oil spreading test measures the diameter of clear zones formed when a droplet of 
biosurfactants is placed on an oil–water surface allowing the determination of the clearing efficiency of 
the given biosurfactants. The assay was conducted by adding 20 μl of crude oil to the surface of 50 ml 
of DI water in a petri dish until it was covered with a thin oil film. Thereafter, the 6 treatments were 
prepared as: LFB at 25, 50, and 100 mg/ml dissolved in PBS, rhamnolipid at 20 mg/ml as the positive 
control as well as PBS and MRS broth as the negative controls. 10 μl of each treatment was gently 
placed onto the thin oil layer by pipetting.6 The area of transparent zones was then calculated by ImageJ 
program (v1.8.0_172, NIH, USA). 

 
6. Antibiofilm Assay 

The antibiofilm assay was divided into 3 sub-assays conducted on 96-well microtiter plates—
pre-coating, eradication, and co-incubation assays. For the pre-coating assay, the wells were coated with 
biosurfactants before being treated with E. coli, as opposed to the eradication assay, in which E. coli 
were coated before biosurfactants. For the co-incubation assay, the wells were coated with 
biosurfactants and E. coli simultaneously. These antibiofilm assays on microtiter plates can estimate 
the effective concentrations of biosurfactants in decreasing bacterial adhesion.7 

For a procedure, E. coli was streaked onto nutrient agar (NA) and incubated for 20 h at 37°C 
for optical density at 600 nm (OD600) to be 0.1. Then, the tenfold diluted bacteria suspension was 
prepared for three different assays. Next, the concentration of LFB was prepared at 100, 10, and 1 mg/ml 
prior to the antibiofilm assay. The interior wells were added with the treatment following each sub-
assay. Following this, the microplate was placed in the incubator at 37°C for 20 h.  

Subsequently, the adhered bacterial biomass in each well was stained with 100 µl of 0.1% (w/v) 
crystal violet solution. After 20 min, each was destained with 100 µl of 70% (v/v) ethanol for 20 min 
at room temperature with gentle shaking at 150 rpm. Then, the absorbance at 595 nm (A595) was 
determined by a spectrophotometer-microplate reader to determine the antiadhesive efficiency.7,8 
Eventually, the percentage of biofilm growth for each treatment was determined as follows9: 

 

 
 
Where SCA595 is the A595 value of the sterility control (rhamnolipid treatment) and GCA595 is the 

A595 value of the growth control (0 mg/ml LFB treatment). 
Because of the anti-adhesion capabilities of biosurfactants, the adhesion test should reveal the 

decline in the microbial adhesion from 100% indicating the increase in biofilm inhibition in relation to 
the growth control for a specific treatment.10 
 
7. Preparation and Demineralization of HA Discs 

Firstly, 60 g of hydroxyapatite (HA) powder was added into 600 ml of DI water and autoclaved 
to improve the crystallinity before being filtered through 150-mm filter paper, pore size of 11 μm, using 
filtration system. Then, dried HA powder was mashed elaborately using the pestle and crucible and 
0.350 g of HA powder was pressed uniaxially in the tablet press metallic mould at 2.0 ton to form a disc 
with a diameter of 12.00 mm. HA discs were then sintered at 1100°C for 3 h in a sinter furnace.  

 

%biofilm growth = [SampleA595 – SCA595] /[GCA595 – SCA595]*100 
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Before demineralization, HA discs were autoclaved at 121°C for 15 min and then eroded in 1 
ml of 0.5 M acetate buffer (pH 4.0) in a 24-well plate for 2 h for demineralization. The surface of the 
demineralized HA discs was observed under a scanning electron microscope (SEM) (JSM-7610F, 
JEOL, Japan)11 
 
8. Self-Assembly of Hydroxyapatite, Fluoride, and Biosurfactants Nanoparticle (HA-F-BS NP) 

The nano-emulsion is formed when mixing the oil phase, containing NaF and HA in 
chloroform, and water phase, containing biosurfactants. Biosurfactants play an essential role not only 
in stabilizing the emulsion forming and oil/water interfaces, but also directing the self-assembly 
structure of nanoparticles.12 

To prepare the water phase, LFB was dissolved in DI water to achieve 450 μl of 111 mg/ml. 
The concentration of biosurfactants was ensured to be higher than the critical micelle concentration 
(CMC), which was previously determined at 1.0 mg/ml for L. fermentum RC-14 and 2.5 mg/ml for L. 
fermentum B54, to successfully induce the formation of nanoparticle-micelle.13,14 For the oil phase, 150 
μl of 73,600 ppm of NaF and 33.3% (w/v) of HA in chloroform was prepared. The concentrations of 
NaF and HA were intentionally selected to be equal to those of experimental wells in remineralization 
experiments.12 

After that, both phases were filled in a microcentrifuge tube before being centrifuged at 10,000 
rpm for 15 min. Then, the assembled nanoparticle or HA-F-BS NP was collected.  The HA-F-BS NP 
was applied to a TEM grid prior to the investigation under transmission electron microscope (TEM) 
(Atomic Resolution Analytic Microscope, JEM-ARM200F, Accel Arm, USA) equipped with energy 
dispersive spectroscopy (EDS). 
 
9. Remineralization of Short-term Biofilm-coated HA Discs 

Firstly, the E. coli culture was prepared at the OD600 value of 0.13. For biofilm precoating, HA 
discs were precoated by immersing them in the 1.0 ml E. coli broth for 4 h in shaking condition at 120 
rpm and 37°C and gently rinsed with PBS (pH 7.0)15, following incubation. The treatment of HA discs 
(n = 24) was divided into 6 treatments, comprising negative control group (CT) containing PBS, and 
experimental groups (remineralizing solution) as follows (1) nHAp, (2) nHAp + NaF, (3) nHAp + NaF 
+ 100 mg/ml LFB (non-sterilized), (4) nHAp + NaF + 100 mg/ml LFB (autoclaved), and (5) nHAp + 
NaF + 10 mg/ml LFB (filtered sterile).16 

The non-sterile, autoclaved, and filtered LFB were used as we hypothesized that the 
denaturation of the peptide in biosurfactants might occur, affecting their function. Then, each HA disc 
was immersed in each treatment and kept for 3 days at 37°C in an incubator shaker at 150 rpm.15,17 
 
10. Remineralization of Long-term Pre-coated HA Discs 

The precoating step was performed as for short-term biofilm-coated HA discs except that the 
incubation time with E. coli was increased to 24 h. Subsequently, treatments of HA discs (n = 16) were 
divided into 4 treatments, comprised of negative control group (CT) containing merely PBS, and 
experimental groups (remineralizing solution) as follows: (1) HA + NaF, (2) HA + NaF + 100 mg/ml 
LFB (autoclaved), (3) HA-F-BS NP solution. Then, each HA disc was immersed in each treatment and 
kept for 3 days at 37°C in an incubator shaker at 150 rpm.15,17 
 
11. Remineralization of Co-incubated HA Discs 

This experiment was conducted as for the biofilm-coated HA discs except that HA discs were 
not precoated with E. coli, but instead, were added with E. coli broth and remineralizing solution 
instantaneously. The treatments were prepared as: negative control (CT) and experimental group as 
follows: (1) HA + NaF, (2) HA + NaF + 100 mg/ml LFB (autoclaved), (3) HA-F-BS NP solution and 
(4) sterile LB. All treatments except group) were added with 100 μl E. coli broth. Remark that the final 
fluoride ion concentration was 1000 ppm which has been proved efficacious to enhance mineral 
deposition.14 Then, each HA disc was immersed in each treatment and kept for 3 days at 37°C in an 
incubator shaker at 150 rpm.15,17 
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12. Measurement of Metabolic Activity by WST-8 Assay (Microbial Viability Assay) 
Cell Counting Kit-8 (CCK-8, Sigma-Aldrich, Japan) was used to examine the metabolic activity 

of E. coli after treatment. This kit allows colorimetric assays using the tetrazolium salt WST-8, which 
produces the water-soluble, yellow-colored formazan dye upon the reduction by an electron carrier, 1-
methoxy PMS. The HA discs on which E. coli was adhered were soaked in a mixture consisting of 114 
µl PBS and 6 µl of CCK-8 solution for 2 h at RT. Thereafter, the absorbance at 450 nm (A450) was 
measured to evaluate microbial activity.11 

 
13. Surface Examination by Field Emission Scanning Electron Microscope (FESEM)  

FESEM (JSM-7610F, JEOL, Japan) was performed before and after remineralization to 
qualitatively observe the ultra-morphology of HA discs, calcium phosphate deposits, smoothness and 
roughness, and porous area of the HA disc surface to understand the progress of remineralization.18 

Before FESEM observation, the HA discs were washed for 5 min in PBS three times. and were 
then soaked in 1 ml of 2.5% glutaraldehyde for 18 h at 4°C for fixation. To dehydrate, the HA discs 
were successively immersed in ethanol at concentrations of 25%, 50%, 70%, 90%, and 99% for 15 min. 
Subsequently, the HA discs surface was sputtered with platinum an auto fine coater (JEC-3000FC, 
JEOL, Japan), after which the Pt-coated HA disc surface was observed under an FESEM.11 
 
14. Evaluation of Mineral Content by Energy Dispersive X-ray Spectroscopy (EDX) 

Following FESEM, EDX (X-MaxN, Oxford Instruments, Japan) was then performed to 
measure the amount of calcium and phosphate content (%weight), Ca:PO4 ratio, and fluoride (%weight) 
on the HA disc surface of all treatments.19 

 
15. Statistical Analysis 

All experiments were at least done in triplicates. The analysis was primarily done at a p-value 
less than 0.05 (p < 0.05) to be considered statistically significant at the confidence level of 95%. Single 
ANOVA (SPSS version 18.0.0, IBM, USA) and Fisher’s least significant difference (LSD) test were 
employed to determine and analyze the difference of the means between control and sample. Group 
identified by the same superscripts are significantly differently at p < 0.05, unless stated otherwise. 

 
Results and Discussion:  
1. Oil Spreading Test 

 The experiment involved dropping 
biosurfactants on an oily layer floating on the 
water surface to test emulsifying properties, 
which enable them to make water and oil mixed. 
When L. fermentum extract was added, 
transparent areas were observed with different 
sizes and the area calculations were performed 
using the ImageJ program shown in figure 1. 
Increasing the L. fermentum extract concentration 
resulted in larger transparent areas, 3.843 ± 1.670 
cm2 at 100 mg/ml of LFB.  

Conversely, when dropping PBS, which 
served as a vehicle control, no transparent area 
was observed. However, when a dropping 20 
mg/ml of rhamnolipid, an omnipotent 
biosurfactant, a large transparent area was 28.053 
± 2.466 cm2. This experiment led to the 
conclusion that L. fermentum extract exhibited 
emulsifying properties of biosurfactants. 
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2. Biofilm Inhibition Assay 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Biofilm inhibition assay results for pre-coating, co-incubation, and eradication assays 
respectively (p < 0.001 for all 3 sub-assays). 

 
HA discs were experimentally treated with different biosurfactants to find the optimum 

conditions for inhibiting the formation of biofilm. Based on the experimental results, it can be concluded 
that the LFB had the property to inhibit biofilm formation while the biofilm was being formed. Co-
incubation was more effective than inhibition of biofilm eradication after biofilm formation and before 
biofilm formation (pre-coating). The result is shown in Figure 2. 

The properties of biosurfactants, which could reduce the surface tension in the area between 
the air and the liquid surface, were found to interfere with the adhesion of bacteria to the surface. These 
properties would make it difficult for biofilm to build up. On the contrary, post-treatment and pre-
treatment might have some limitations that prevent the effective inhibition of biofilm formation. For 
instance, in post-treatment, the bacteria have agglomerated, and biofilm have been formed, which are 
highly resistant to most antimicrobial agents and disinfectants. These resistance and reduced 
susceptibility to antimicrobial substances was proposed to be caused by a variety of factors, for example, 
decreased intimate contact to antimicrobial substances, the bacterial persistence due to de novo 
mutation, phenotypic variation, or some genetic material which are transferred from those resistant 
counterparts, or production of antimicrobial degradative or neutralizing enzymes.20,21 As a result, 
bacteria became much more difficult to destroy and would proliferate in the post-treatment phase. 
Therefore, it could be concluded that the optimal condition for LFB to inhibit biofilms was the co-
incubation condition.  
 
3. Microbial Viability by WST-8 Assay 

The %microbial viability of E. coli on HA discs after the remineralization process was 
investigated through the calculation of A450 where the control (CT) group was defined as 100% 
microbial viability. The result can be divided into 3 experiments: short-term biofilm precoating, long-
term biofilm precoating, and co-incubation. It was obtained that p < 0.001 in all three sub-assays. 

 
3.1 Short-term precoated HA discs 

The results showed that the %microbial viability of E. coli decreased when treated with 
remineralizing agents with and without LFB. Among all the treatments compared to the CT group, 
Treatment 3, which used nHAp, NaF, and non-sterilized LFB, revealed the highest %microbial viability 
at 68.11%. Treatment 5 (nHAp, NaF, and LFB) revealed the lowest %microbial viability at 3.29%. 
Therefore, the antibacterial effect of LFB at 10 mg/ml was most efficacious, which was in accordance 
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with the previous research,22,23 as the LFB aggregated at the liquid-air interface altering the 
hydrophobicity of a substrate surface. These biosurfactants not only hampered the bacteria from 
clinging to surfaces, but they also caused adherent cells to separate.  
 
3.2 Long-term precoated HA discs 

The %microbial viability in Treatment 1 (HA + NaF) was observed to be lower than the control 
and the other treatment. However, in Treatments 2 and 3, which contained LFB showed %microbial 
viability higher than 100%. The hypothetical explanation for this was that the longer incubating time 
could allow the growth E. coli in presence of some organic substances found in the Lactobacillus extract 
such as galactose, lactose, malate, and fructose,20 while PBS solution in the CT group contained no 
nutrient. 

 
3.3 Co-incubated HA discs 

All the three treatments had a microbial viability exceeding 100%. The increase of bacterial 
growth could be due to the presence of nutrient-rich LB. The %microbial viability, however, was greatly 
minimized in Treatment 3, which contained HA-F-BS NP, compared to addition of HA, NaF, and LFB 
alone. 

 
 
 4. TEM-EDS Nanoparticle Analysis 
 

Table 1. Mineral content of HA-F-BS NP measured by EDS. 
 

     
 
 
 
 
 
                  
 
 
 
 
 
 
 
 
 
 

 
 

TEM is a nano-sized characterization method to observe the particle size, shape, and 
morphology. The micrographs from 6 selected areas are depicted in Figure 3. The resultant HA-F-BS 
NP were found to be spherical shape of which porous and hollow structure is observable. The hollow 
nanoparticles were attributed to the biosurfactants that could encourage the inflow of water or solution 

Element Energy (keV) Atom (%) Mass (%) Mass SD 
C 0.277 59.16 39.73 0.12 
O 0.525 19.10 17.08 0.09 
F 0.677 3.51 3.72 0.04 
P 2.013 2.75 4.76 0.04 

Ca 3.690 15.49 34.71 0.24 
Total - 100.00 100.00 - 

Figure 3. Emulsion self-assembly of HA-F-BS NP 
shown in dark-field TEM micrographs (A-C) and 
bright-field TEM micrographs (D-E). 50 nm scale 
setup is shown. 

Figure 4. EDS layered images of various elements: (A) 
carbon (B) oxygen (C) fluoride (D) phosphorus (E) calcium 
and (F) overlayed image of phosphorus and calcium, 
alluded to the dark-field TEM micrograph Figure 1 (A). 50 
nm scale setup is shown. 
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through the nanoparticle membrane and prevent shrinkage of the nanoparticle membrane generated at 
the oil/water contact corresponding to the previous findings.9 Its hollow structure revealed multiple 
benefits compared to the solid one, for instance, the superior catalytic action inside the hollow chamber, 
which accounted for their better catalytic characteristics, as well as improving the nano sensing and 
drug delivery properties.24,25,26 

Employing the micrograph A from Figure 3 as the representative and the layered image of each 
mineral was illustrated in Figure 4 along with quantitative analysis of HA-F-BS NP mineral 
composition displayed in Table 1. The results illustrated the successful self-assembly of HA-F-BS NP 
as confirmed by the presence of Ca (34.71%), P (4.76%), and O (17.08%) from HA, F (3.72%) from 
NaF, and C (39.73%) and O (17.08%) from hydrocarbon composition in LFB. Therefore, it was 
hypothesized that the addition of biosurfactants in the water phase played a critical role to stabilize the 
aggregation of the HA-F-BS NP in the oil phase, assuring that the self-assembly of HA-F-BS NP was 
feasibly applicable. 
 
5. SEM-EDX Analysis of HA Discs 
 

5.1 HA discs after entering the remineralizing process 
a) SEM analysis 

 
 
 
 
 
 
 
 
 
 

 
Figure 5. Scanning electron micrographs of long-term pre-coated HA discs (10,000x): CT) PBS 1) HA 
+ NaF, 2) HA + NaF + 10 mg/ml LFB (autoclaved), and 3) HA-F-BS NP. 

  
SEM observation was performed on HA discs after undergoing the remineralization 

process. The micrographs revealed that the HA discs exhibited larger pores in the absence of 
both remineralizing agents and LFB as shown in Figures 5. In contrast, when the treatments 
included remineralizing agents or LFB, the pore size decreased resulted in a smoother surface 
suggesting the deposition of minerals on HA discs. However, when observed under SEM, short-
term precoated HA disc and co-incubated HA disc failed to show any significant surface 
remineralization.  

 
 b) EDX analysis 
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Figure 6. Calcium to phosphorus weight ratio 
of short-term pre-coated HA discs: CT) PBS, 
1) nHAp, 2) nHAp + NaF, 3) nHAp + NaF + 
100 mg/ml LFB (non-sterilized), 4) nHAp + 
NaF + 100 mg/ml LFB (autoclaved), and 5) 
nHAp + NaF + 10 mg/ml LFB (filtered). The 
error bar means the standard deviation. 
(p<0.10) 

CT) 1) 2) 3) 

102



 

 

 

 

      

    
Next, we made further observations from Figures 7 and 8 in experiment set 2) HA + 

NaF + LFB, and experimental set 3) HA-F-BS NP. The biosurfactants appeared as rather 
spherical milky white particles, ranging from small to large. This contrasted with the surface of 
the HA disc quite clearly. It is assumed that these particles may be a combination of HA, NaF, 
and biosurfactants, with the biosurfactants acting as a stabilizer for this combination. 

Additionally, the observed surface smoothness from SEM is related to the EDX 
illumination effect. The next step was the EDX results to determine the Ca/P ratio, which had 
a direct positive correlation with the process rate of remineralization. The remineralization of 
short-term pre-coated HA discs, long-term pre-coated HA discs, and co-incubated HA discs is 
shown in Figure 6, 7, and 8, respectively, confirming that when the remineralizing agents, LFB, 
and HA-F-BS NP were inserted, higher calcium and phosphate content was achieved. From the 
experiments on HA discs in all three conditions, it was found that the long-term pre-coating of 
HA discs showed the most effective effect of biosurfactants, especially in the form of 
nanoparticles, in speeding up the remineralization process compared to the control.  

 
Conclusion:  

The oil spreading test of the biosurfactant demonstrated that LFB possesses emulsifier 
properties, enabling it to bind water to oil and inhibit biofilm formation. Co-incubation experiments, 
involving the presence of a few live bacteria when the concentration of surfactants increased. 
Simultaneously, proved to be the optimal conditions for biofilm inhibition. Moreover, antibacterial 
adhesion efficacy of LFB was confirmed through a WST-8 assay. SEM-EDX endoscopic analysis 
showed that the biosurfactant from L. fermentum accelerated remineralization and aided in restoring the 
enamel layer's structure. Additionally, TEM-EDS assays revealed that the combination of HA and NaF 
with the biosurfactant resulted in HA-F-BS NP nanoparticles with enhanced stability and structure, 
proving more effective in resisting bacterial adhesion than conventional mixing methods. 
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Figure 7. Calcium to phosphorus weight 
ratio of long-term pre-coated HA discs: CT) 
PBS, 1) HA + NaF, 2) HA + NaF + 10 mg 
LFB (sterile), and 3) HA-F-BS NP. The error 
bar means the standard deviation. 
(p<0.05) 

Figure 8. Calcium to phosphorus weight 
ratio of co-incubated HA discs: CT) PBS, 1) 
HA + NaF, 2) HA + NaF + 10 mg/ml LFB 
(autoclaved), and 3) HA-F-BS NP. The 
error bar means the standard deviation. 
(p<0.001) 
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Abstract:  
The preoperative diagnosis index without adnexal mass data of ovarian cancer (OC) was 
developed based on risk factors using secondary data. Binary and multiple logistic regression 
and the receiver operating characteristic curve were used to analyze the data and explore 
potential factors or predictors. This research analyzes data from 202 patients, with 116 cases 
being ovarian cancer. The risk factors consisted of factors in the tumor markers, complete 
blood count (CBC), and liver function tests groups (LFT). Menopausal status, human 
epididymis protein 4 (HE4), carbohydrate antigen 19-9 (CA19-9), lymphocytes (LYM), and 
alkaline phosphatase (ALP) were used as predictors for our index. The area under the 
receiver operating characteristic curve (AUROC) was 0.916 (95% CI, 0.877 - 0.954). The 
performance in the validation with a cut-off point of 0.52 revealed sensitivity, specificity, 
positive predictive value (PPV), negative predictive value (NPV), accuracy, positive 
likelihood ratio (LR+), negative likelihood ratio (LR-), and odds ratio (OR) of 0.810, 0.919, 
0.931, 0.782, 0.856, 9.956, 0.207, and 48.221, respectively. Furthermore, our study 
demonstrates menopausal status, HE4, CA19-9, and ALP were the risk factor, while LYM 
was a protective factor. 
Keywords: ovarian cancer, tumor marker, complete blood count, liver function tests, 
preoperative diagnosis index, preoperative diagnosis index without ultrasound 

 
Introduction:  
Gynecological cancer is the most common in women worldwide. There are five main types: 
cervical, ovarian, uterine, vaginal, and vulvar cancer. These cancers often do not show 
symptoms in the early stages. However, the diagnostic process is complicated due to the 
cancer found in the pelvis, which requires internal examinations. As a result, early detection 
and accurate diagnosis are essential for improving the chances of successful treatment and 
better patient outcomes. 

Ovarian cancer is the second most common gynecological cancer and often develops 
without showing noticeable symptoms in its early stages, leading to it being the number one 
cause of death among gynecological cancers. The age-standardized incidence rates of ovarian 
cancer per 100,000 women in countries with high/very high Human Development Index 
(HDI) in 2020 were 7.1 and 5.8 in countries with low/medium HDI, respectively1. The 
important diagnostic method of ovarian cancer is the pelvic examination to detect pelvic 
masses. If the mass is detected, the transvaginal ultrasound will be used to identify the size, 
shape, and characteristics of ovarian masses. Ovarian cancer staging is determined using the 
International Federation of Gynecology and Obstetrics (FIGO) system, which assesses the 
extent and severity of the cancer within the body. Early detection and timely treatment 
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improve the outcome or prognosis for patients. Therefore, patients should discuss with 
gynecologic oncologists, to determine the most suitable treatment plan. Generally, surgery is 
the initial treatment approach for ovarian cancer. For early-stage ovarian cancer, surgery may 
involve the removal ovaries, fallopian tubes, and the uterus (hysterectomy) and include 
staging to determine the extent of the disease, while cytoreductive surgery is usually 
considered for patients at the advanced stage of ovarian cancer2. 

The preoperative diagnosis is crucial for ovarian cancer because it enables early 
detection and appropriate treatment planning, resulting in improved patient outcomes and 
higher survival rates. For example, if a patient is predicted to be at high risk of malignant 
ovarian tumors, the patient should be referred to specialist gynecologic oncologists to 
enhance survival outcomes3 and undergo cytoreductive surgery, while patients in the early 
stages should be prepared for complete surgical staging. Several indices have been created to 
aid in preoperative diagnosis, such as the Risk of Malignancy Index4 (RMI) and the Risk of 
Ovarian Malignancy Algorithm5 (ROMA). The American College of Obstetricians and 
Gynecologists (ACOG) recommends RMI as a referral tool to gynecologic oncologists2. 
These indices utilize demographic data, blood tests, morphological patterns, and biomarkers 
for prognostic purposes in the preoperative diagnosis. RMI and ROMA require 
morphological patterns data for analysis, which requires gynecologists or ultrasound 
specialists to interpret results. However, the availability of expert examiners is limited, 
preventing many hospitals from utilizing these indices for patient analysis. To solve the 
problem and be an alternative way to diagnose before surgery. Our preoperative diagnostic 
index was developed which does not use information about the pelvis or morphological 
patterns for prognosis. 

 
Methodology:  
This research aimed to develop a preoperative diagnostic index through a retrospective 
analysis of clinical data published by Mi et al6. The dataset consists of various clinical data, 
but our focus is on three distinct groups of risk factors associated with ovarian cancer: tumor 
markers, complete blood count (CBC), and liver function tests (LFT). The factors that were 
correlated with ovarian cancer from each risk factor group will be utilized as predictors for 
analysis to construct a preoperative diagnosis index using multiple logistic regression (or 
binary logistic regression) with SPSS (IBM Corp. Released 2019. IBM SPSS Statistics for 
Windows, Version 26.0. Armonk, NY: IBM Corp). Significant predictors were identified 
based on the results of multiple logistic regression, and their predictive significance was 
assessed using diagnostic odds ratios and p-values. In general, non-significant predictors 
should be eliminated from the analysis. Subsequently, a new regression analysis was 
performed to obtain the coefficients of the logistic response function fitting the remaining 
predictors. Note that non-significant predictors can be retained in the analysis. The calibration 
of logistic regression models was assessed using the Hosmer-Lemeshow goodness of fit 
statistics. The ability to discriminate or predict was evaluated by calculating the area under 
the receiver operating characteristic curve (AUROC), it was a graphical plot between 
sensitivity against 1-specificity at various possible cut-off points. The optimal cut-off point 
was determined by considering the point on the receiver operating characteristic curve that 
was closest to the perfect cut-off point (0,1)7. In addition, a 2 × 2 table provided information 
on true positive, false positive, true negative and false negative, allowing for the calculation 
of sensitivity, specificity, positive predictive value, negative predictive value, positive 
likelihood ratio, negative likelihood ratio, and odds ratio.  
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Results:  
A total of 202 patients’ data6 were used to analysis and develop our preoperative diagnostic 
indices. The dataset contains information on the health status, blood test results, biomarkers, 
and other clinical data of each patient. It included 202 women, dividing into 86 with benign 
ovarian tumor and 116 with ovarian cancer. Several studies8-14 have suggested variables 
associated with ovarian cancer or that can be used as predictors of ovarian cancer. These 
variables include human epididymis protein 4, carbohydrate antigen 19-9, basophil cell ratio, 
lymphocyte count, albumin, alkaline phosphatase, and indirect bilirubin. Due to the data were 
categorized into three main ovarian cancer risk factor groups: tumor markers, complete blood 
count, and liver function tests. In the tumor markers group, the focus factors consisted of 
human epididymis protein 4 (HE4) and carbohydrate antigen 19-9 (CA19-9), while the 
complete blood count group focused on basophil cell ratio (BASO) and lymphocyte count 
(LYM). In the liver function tests group, the focus factors included albumin (ALB), alkaline 
phosphatase (ALP), and indirect bilirubin (IBIL). Moreover, menopause status was also 
included in our index because postmenopausal patients are known to have a higher risk of 
developing epithelial cancer. 
 The characteristics of patient data between the benign ovarian tumor and ovarian 
cancer groups are presented in Table 1. Patients in the ovarian cancer group had significantly 
higher serum levels of HE4 (324.33 vs. 46.18 pmol/l, p < 0.001) and CA19-9 (74.57 vs. 
25.28 U/l, p < 0.001), lower basophil cell ratios (0.48% vs. 0.67%, p < 0.001), lower 
lymphocyte counts (1.43 vs. 1.84 109/l, p < 0.001), lower levels of albumin (39.14 vs. 41.78 
g/l, p < 0.001), higher levels of alkaline phosphatase (82.73 vs. 66.63 U/ml, p < 0.001), lower 
levels of indirect bilirubin (5.12 vs. 5.90 μmol/l, p = 0.023), and a higher proportion of 
postmenopausal patients (85.5% vs. 14.5%, p<0.001). To prevent multicollinearity, it is 
necessary to assess the correlation between predictors and independent variables by Pearson 
correlation coefficient before performing a logistic regression analysis. The correlations are 
shown in Table 2. All predictors were correlated with the patient's disease status at a 
significance level of less than 0.05. Moreover, individual variables were not highly 
correlated, so there was no multicollinearity problem. 

 
Table 1. Clinical characteristics of benign ovarian tumor vs ovarian cancer.   

Clinical Characteristics 
Benign Tumor 

(n=86) 
Ovarian cancer 

(n=116) 
P value 

mean SD mean SD 
Serum HE4 (pmol/l)a 46.18 11.16 324.33 538.77 <0.001 
Serum CA19-9 (U/l)a 25.82 38.13 74.57 179.17    0.005 

BASO (%)a 0.67 0.39 0.48 0.32 <0.001 
Lymphocyte (109/l) a 1.84 0.49 1.43 0.55 <0.001 

Albumin (g/l) a  41.78 3.98 39.14 5.39 <0.001 
Alkaline phosphatase (U/ml) a 66.63 19.83 82.73 26.14 <0.001 

Indirect bilirubin (μmol/l) a 5.90 2.52 5.12 2.31   0.023 
Postmenopausal (%)b 14.5 85.5 <0.001 

a Student’s t-test 
b c2 test 
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Table 2. Correlation of factors  

 
 

  
Model development: Our preoperative diagnosis index  
 

The preoperative diagnosis index was created by using binary logistic regression 
analysis. Human epididymis protein 4, carbohydrate antigen 19-9, basophil cell ratio, 
lymphocyte count, albumin, alkaline phosphatase, and indirect bilirubin were utilized as 
predictors in the creation of a preoperative diagnosis index. The information for each 
parameter is shown in Table 3, and the logistic response function is as follows 

 

, (1) 

 
where  is the regression constant,  is the regression coefficient of each 

independent variable, and  represents the probability of a patient with ovarian 
cancer. 

b b b b b b b b b

b b b b b b b b b

+ + - + + + + + +

+ + - + + + + + +=
+

0 1 2 3 4 5 6 7 8

0 1 2 3 4 5 6 7 8

4 ( 19 9) % #

4 ( 19 9) % #)O( C
1

HE CA BASO LYM ALB ALP IBIL Menopausal

HE CA BASO LYM ALB ALP IBIL Menopausal
eP
e

b0 b £ £1 8i

£ £0 ( ) 1;P OC

108



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

 
Table 3. Parameters and their details for creation of preoperative diagnosis index. 

Parameter Details 

Menopausal status  

HE4 Level of human epididymis protein 4 
CA19-9 Level of carbohydrate antigen 19-9 
BASO% Basophil cell ratio 
LYM# Amount of lymphocyte 
ALB Amount of albumin 
ALP Amount of alkaline phosphatase 
IBIL Amount of indirect bilirubin 
 
After conducting binary logistic regression, the results of parameters predicting 

ovarian cancer for diagnosis index are presented in Table 4. Significant predictors included 
levels of serum HE4 and CA19-9 and the amount of LYM. 

 
Table 4. Result of logistic regression analysis for preoperative diagnosis index. 

Parameter Coefficient OR 95% CI p-valuec 

Menopausal status 0.480 1.616 0.512−5.101 0.413 
HE4 0.050 1.051 1.023−1.080 <0.001 
CA19-9 0.011 1.011 1.002−1.020 0.017 
BASO% 0.029 1.030 0.329-3.224 0.960 
LYM# -1.289 0.276 0.107-0.713 0.008 
ALB -0.022 0.978 0.879-1.088 0.680 
ALP 0.014 1.014 0.996-1.032 0.135 
IBIL -0.053 0.949 0.785-1.146 0.587 
Constant -1.248 0.287 - 0.639 
Abbreviations: OR = odds ratio; Cl = confident interval 
c Significant at p <0.05. 

 
The final model of the preoperative diagnostic index was developed by eliminating 

non-significant parameters from the binary logistic regression. Consequently, HE4, CA19-9, 
LYM#, ALP, and menopausal status were included in the final model, which underwent 
reanalyzed logistic regression analysis. The results of logistic regression analysis in final 
model are presented in Table 5, the final model is described as follows: 
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Table 5. Result of logistic regression analysis for final preoperative diagnosis index. 
Parameter Coefficient OR 95% CI p-valuec 

Menopausal status 0.353 1.424 0.471-4.302 0.531 
HE4 0.052 1.053 1.026-1.082 <0.001 
CA19-9 0.010 1.010 1.002-1.019 0.019 
LYM# -1.273 0.280 0.110-0.714 0.008 
ALP 0.013 1.013 0.995-1.032 0.144 
Constant -2.517 0.081 - 0.048 
c Significant at p <0.05. 
 

For discriminative ability of the index was evaluated with the AUROC of the logistic 
regression models in Figure 1, the area under the receiver operating characteristic curve was 
0.916 (95% CI, 0.877−0.954), and the p-value of the Hosmer-Lemeshow goodness-of-fit test 
was 0.988. Consider the receiver operating characteristic curve (ROC), the point on curve 
that minimizing the Euclidean distance between the ROC curve and the (0,1) point was 0.52, 
so the optimal cut-off point was 0.52. With the optimal cutoff point, a 2 × 2 table is shown in 
Table 6, providing sensitivity, specificity, positive predictive value, negative predictive value, 
accuracy, positive likelihood ratio (LR+), negative likelihood ratio (LR-), and odds ratio 
(OR) as follows: 
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Table 6. Result of a 2 × 2 table for preoperative diagnosis index. 

 

Predicted 
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 Status Overall  

Percentage  1 0 
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Note: The optimal cutoff point is 0.52 
 

 
Figure 1.  

The receiver operating characteristic curve of final index. 
 
Discussion and Conclusion:  
In this study, the binary logistic regression models were developed for the preoperative 
diagnosis index without adnexal mass of ovarian cancer based on the data of tumor markers, 
CBC, and LFT. The index showed HE4, CA19-9 levels, and LYM were significant predictive 
parameters for the prediction of ovarian cancer, while menopausal status and ALP remain in 
the index due to their relevance to ovarian cancer. Based on the observations from Table 5, 
the likelihood of ovarian cancer in patients decreased as the amount of LYM increased. 
Therefore, treatments that result in increased lymphocytes are beneficial for patients. On the 
other hand, increased levels of HE4, CA19-9, and ALB are associated with an increased 
likelihood of developing the disease, suggesting that these factors can be considered as risk 
factors for ovarian cancer. To calculate the chance that a patient has ovarian cancer, you can 
substitute HE4, CA19-9, LYM, ALP, and menopausal status into Equation 2. If the calculated 
probability (P) is greater than 0.52, it indicates that the patient has ovarian cancer. 
  Overall, our study developed the preoperative diagnosis indexes of ovarian cancer 
using tumor markers, complete blood count, and liver function tests. The preoperative 
indexes were developed specifically for women without pelvic or adnexal mass data and they 
could aid general physicians or gynecologists in the evaluation of patients presenting with 
ovarian tumors, and help with management planning and patient prioritization for surgery, 
potentially reducing surgical risks 
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Abstract:  

Herpes simplex virus (HSV) is the causative agent of human herpes. HSV can be 
divided into 2 types; HSV-1 and HSV-2. HSV-1 can cause herpetic gingivostomatitis which 
is mostly asymptomatic infection. However, the symptoms may appear as blisters or cold 
sores around the mouth. HSV-1 is typically spread through closely contact with surfaces near 
the mouth, sores, or saliva. Although, the drug such as acyclovir limits multiplication and 
spread of HSV but it cannot completely eliminate the virus from patient. In this study, 
inhibitory efficacy of royal jelly on herpes simplex virus type 1 (HSV-1) and free radicals 
was investigated. The result showed that royal jelly demonstrated the phenolic and flavonoid 
contents with the values of 1.40 mg gallic acid/g extract and 0.74 mg quercetin/g extract. The 
phenolic and flavonoid compound may play the significant role by affecting the ability of 
antioxidant and anti-HSV-1 activity. Royal jelly had the highest antioxidant activity of 0.316 
mg gallic acid/g extract. In addition, royal jelly at the concentrations of 15,000 and 7,500 
µg/ml showed the highest inhibitory efficacy against HSV-1 during and after viral attachment 
by 92.58% and 100.00%, respectively. Moreover, the concentrations of royal jelly at 976.6 
and 1953.1 µg/ml promoted cell viability higher than positive control. Therefore, royal jelly 
demonstrated high ability of anti-HSV-1 and antioxidant activity and should be further 
studied to produce a new alternative antiviral agent from bee product.  
 
Introduction:  

Herpes simplex virus (HSV) is a member of Herpesviridae family. At present, there is 
an estimated 500 million people who were infected with HSV type 1 (HSV-1) or HSV type 2 
(HSV-2). Moreover, HSV-1 usually causes an oral infection and also can increase the number 
of patients with genital herpes infection.1 HSV can cause long-term health problems that the 
patient can develop lifelong symptoms because of the latency of HSV. The infection of HSV 
occurs at a mucocutaneous surface and the virus is transported to the peripheral sensory 
ganglia. Latent stage of HSV infection can activate by local and systemic stimuli and causes 
recurrent infection at mucocutaneous surface of the patient.2 Acyclovir (ACV) and its 
derivative are antiviral medications that are currently approved for the treatment of HSV 
infections. Although ACV may course toxic side effects and drug resistant strain of HSV may 
be developed after long-term treatment3. The mutation of HSV usually occurs in HSV-
thymidine kinase or DNA polymerase genes and these mutants are crucial opportunistic 
infectious pathogens in immunocompromised individuals.4,5 Due to the mutation against 
ACV, other agents against viral infection are urgent required. Therefore, the antiviral agent 
from natural sources such as bee product may be used as an alternative treatment for HSV 
infection. 

Royal jelly is the special food for the queen honey bee larva that produced from 
worker honey bees.6 Fresh royal jelly mainly contained water constitutes of 60-70% (w/w) 
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and pH is usually ranging between 3.6 and 4.2. Royal jelly is composed of lipids, protein, 
vitamins, carbohydrates, polyphenols, and mineral salt. There are various bioactive 
compounds and mineral in royal jelly that give several biological and pharmacological 
properties such as antioxidant, neurotrophic, anticancer, anti-inflammatory, antidiabetic, 
antilipidemic, and antimicrobial agent.7,8 Moreover, royal jelly also has ability to protects 
cells from anti-cancer agent-induced toxicities while treating anti-cancer agents with a variety 
of malignancies in the animal.9  

Therefore, the aims of this study are to investigate antioxidant and anti-HSV-1 
activity of royal jelly. The activity of this research will be applied for royal jelly product 
development that can be considered as an alternative treatment of herpetic symptoms. 
 
Methodology:  
Materials 

The dried powder of royal jelly was obtained from Bee Products Industry Co., Ltd., 
Chiang Mai, Thailand. The samples were kept at room temperature and protected from light. 
Other analytical grade chemicals were used in this study.  

 
Determination of antioxidant activity, phenolic and flavonoid content of royal jelly  

DPPH (2,2-diphenyl-1-picrylhydrazyl) Assay 
The antioxidant activity of royal jelly was analyzed by DPPH (2,2-diphenyl-1-

picrylhydrazyl) method.  In this method, DPPH was used as a source of free radical and 
methanolic solution of DPPH, 150 µl was mixed with 50 µl of sample in the 96 well plate. 
Then, the mixture was kept in the dark at room temperature for 15-20 minutes and an 
absorbance at 517 nm was determined using methanol as control. The result of antioxidant 
activity was calculated as percentage of antioxidant activity by comparison of DPPH radicals 
that decrease from the control using the formula as follows. 

% Antioxidant activity = [(A control– A sample)/A control] ×100 
 
Moreover, IC50 was calculated from the inhibition activity of DPPH radical by 50%. 

The antioxidant activity was reported in milligrams of gallic acid equivalents per gram of 
extract (mg GAE/g extract).10 

 
Analysis of total phenolic compound  

The total phenolic compound of royal jelly was determined by the Folin-Ciocalteu 
method. The methanolic solution of sample, 25 µl was mixed with 12.5 µl of 50% (w/v) 
Folin-Ciocalteu reagent, 25 µl of 95% ethanol, and 125 µl of distilled water. After 5 minutes 
incubation, 5% (w/v) Na2CO3 25 µl was added and kept in dark at room temperature for 1 
hour. The absorbance was determined at 725 nm. The result was compared with gallic acid as 
a standard control. The total phenolic compound content was reported in milligrams of gallic 
acid equivalents per gram of extract (mg GAE/g extract).11 

 
Analysis of total flavonoid compound  

The total flavonoid compound of royal jelly was determined by the aluminum 
chloride colorimetric method. The methanolic solution of sample, 20 µl was mixed with 10% 
(w/v) aluminum chloride solution, 4 µl, 1M potassium acetate, 4 µl and 112 µl of distilled 
water. Then, the mixture was incubated in dark at room temperature for 30 minutes and an 
absorbance was determined at 415 nm using methanol as a control. The result was compared 
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with quercetin and total flavonoid content was reported as milligrams quercetin equivalents 
per gram of extract (mg QE/g extract).12 
 
Determination of cytotoxicity activity of royal jelly13 

The cytotoxicity of royal jelly was determined by MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide) colorimetric assay. Human epidermal keratinocyte line 
(HaCaT) at 1.25 x 104 cells/well was added into 96-well plate and further incubated at 37 °C 
in 5% CO2 incubator for 24 hours. Then, the medium was replaced with fresh medium 
containing various concentration of sample and incubated at 37 °C in 5% CO2 incubator for 
72 hours. After incubation, MTT solution was added to each well, and incubated for 4 hours. 
Next, dimethyl sulfoxide was added to dissolve the formazan product in cell, and measured 
with microplate reader at 540 and 630 nm. The viability of the cells was calculated 
comparing to cell control and expressed as percentage of cell viability (%Viability) and 50% 
cytotoxic dose (CD50). 

 
Investigation of anti-HSV activity of royal jelly13 

Inhibition of HSV-1 by royal jelly when treatment before viral attachment 
The antiviral activity was investigated by plaque reduction assay. Firstly, HaCaT cells 

at 2 x 105 cells/well was cultured in 24 well plates and incubated at 37 °C in 5% CO2 
incubator for 24 hours. Then, 200 µl of various non-toxic concentrations of royal jelly were 
added into each well and incubated at room temperature for 1 hour on rocking platform. After 
incubation, HSV (300-400 PFU/ml), 100 µl was added and incubated at room temperature for 
1 hour on rocking platform. After that, 200 µl of the overlay medium was added and 
incubated at 37 °C in 5% CO2 incubator for 48-72 hours to allow plaque formation. The 
infected cells were stained with 0.1% crystal violet in 1% ethanol.  The viral plaques were 
counted and the plaque inhibition was calculated comparing to control infected cells without 
any treatment. The result was reported as the concentration of extract that reduces the number 
of viral plaques by 50% (50% Inhibitory Concentration, IC50) and percentage inhibition of 
plaque reduction.  
 

Inhibition of HSV-1 by royal jelly when treatment during viral attachment 
The antiviral activity was investigated by plaque reduction assay. Firstly, HaCaT cells 

at 2 x 105 cells/well was cultured in 24 well plates and incubated at 37 °C in 5% CO2 
incubator for 24 hours. Then, HSV (300-400 PFU/ml) 100 µl was added into each well, 
followed by 200 µl of various non-toxic concentration of royal jelly and incubated at room 
temperature for 1 hour on rocking platform. Next, the inoculum was replaced with 400 µl of 
medium containing 2% FBS. After that, 200 µl of the overlay medium was added and 
incubated at 37 °C in 5% CO2 incubator for 48-72 hours to allow plaque formation. For 
plaque determination, cells were stained with 0.1% crystal violet in 1% ethanol before 
counting the numbers of plaque was counted, and calculated the inhibition of plaque 
reduction in the comparison of mock infected cells without treatment by the royal jelly. The 
result was reported as the concentration of extract that reduces the number of viral plaques by 
50% (50% Inhibitory Concentration, IC50) and percentage inhibition of plaque reduction. 

 
Inhibition of HSV-1 by royal jelly when treatment after viral attachment 

The antiviral activity was investigated by with plaque reduction assay. Firstly, HaCaT 
cells at 2 x 105 cells/well were cultured in 24 well plates and incubated at 37 °C in 5% CO2 
incubator for 24 hours. Next, HSV (300-400 PFU/ml) 100 µl was added to the cells and 
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incubated at room temperature for 1 hour on rocking platform. After infection, 200 µl of 
various nontoxic concentrations of royal jelly were added into each well, followed by 200 µl 
of the overlay medium, and incubated at 37 °C in 5% CO2 incubator for 48-72 hours to allow 
plaque formation. For plaque determination, cells were stained with 0.1% crystal violet in 1% 
ethanol and the numbers of plaque was counted, and calculated the inhibition rate of plaque 
reduction in the comparison of mock infected cells without treatment by the royal jelly. The 
result was reported as the concentration of extract that reduces the number of viral plaques by 
50% (50% Inhibitory Concentration, IC50) and percentage inhibition of plaque reduction. 

 
Results and Discussion:  
Determination of antioxidant activity, phenolic and flavonoid content of royal jelly  
 Royal jelly powder was dissolved with DI water and the antioxidant activity of royal 
jelly was tested in 96-well well plate. The result in Table 1 showed that royal jelly had the 
antioxidant activity by 0.316±0.002 mg gallic acid/g extract. Royal jelly showed the amount 
of phenolic and flavonoid contents with the values of 1.40±0.24 mg gallic acid/g extract and 
0.74±0.01 mg quercetin/g extract. These important biochemicals compounds such as the total 
phenolics and total flavonoid contents affected to antioxidant activity. Moreover, royal jelly 
contains hydroxy dicarboxylic fatty and their derivatives such as 10-hydroxy-2-decenoic acid 
(10-HDA) that have been shown to have antioxidant activity.14 In addition, caffeic acid 
phenethyl ester in royal jelly was shown as the phenolic compound promoted the antioxidant 
capacity.12 This was consistent with the previous report that phenolic compounds had ability 
to prevent reactive oxygen species including superoxide anion and hydroxyl radical.15 In 
addition, royal jelly contained the flavonoids compounds including flavanones, flavones, 
flavonols, and isoflavonoids.16 These antioxidant properties of phenolic and flavonoid 
compounds are important for pharmacological properties of royal jelly.  
 
Table 1 Antioxidant activity, phenolic and flavonoid content of royal jelly  

Experiments Contents 

Antioxidant activity * 
(mg gallic acid/g extract) 0.32 ± 0.00 

Total phenolic compound* 
(mg gallic acid/g extract) 1.40 ± 0.24 

Total flavonoid compound * 
(mg quercetin/g extract) 0.74 ± 0.01 

*Data expressed as mean ± standard deviation for 3 replications 
 
Determination of cytotoxicity activity of royal jelly 

The cytotoxicity activity of royal jelly on HaCaT cells using MTT assay was shown 
with CD50 value of 6,477.93±318.28 µg/ml. The percentage of cell viability in Figure 1 
showed that different concentrations of royal jelly at 976.6, 1953.1, 3906.3 and 7812.5 µg/ml 
showed the percentage of cell viability at 108.22%, 101.53%, 88.14% and 36.86% 
respectively. The result showed that the higher concentration of royal jelly affected to the cell 
viability by reduction of cell viability. The acidic pH of royal jelly at the range of pH 3.6-4.2 
can decrease the ability of cell growth and viability. Thus, the lower concentration of royal 
jelly might be suitable to cell grow and proliferation.17 The concentrations of royal jelly at 
976.6 and 1953.1 µg/ml promote cell viability higher than positive control (DMEM). This 
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was consistent with previous report showed that royal jelly affected three cell types which 
were human gingival fibroblasts (HGF), human periodontal ligament fibroblasts (HPDL) and 
human hip bone cells (HIP). Thus, royal jelly stimulated alkaline phosphatase activity and 
cell proliferation that promoted the percentage of cell growth.18 According to the data from 
previous study, several important intracellular signaling factors, 57-kDa protein in royal jelly 
could stimulate DNA synthesis in adult rat hepatocytes culture cells. Moreover, the 57-kDa 
protein promoted the cell survival regulator such as protein kinase B and prevented cell 
apoptosis.19  

 

 
Figure 1 The cell viability percentage of royal jelly on HaCaT cells. 

 
Anti-HSV activity of royal jelly  
 The result showed that royal jelly at the concentration of 7,500 µg/ml had the highest 
anti-HSV-1 with the percentage inhibition of 100% when treatment after viral attachment 
with IC50 value of 3,270.53±237.48 µg/ml (Figure 4). Moreover, royal jelly at the 
concentration of 15,000 µg/ml also showed the high ability to inhibit HSV-1 during viral 
attachment with the percentage inhibition of 92.58% with IC50 value of 6,909.52±667.85 
µg/ml (Figure 3). On the other hand, the inhibitory effect of royal jelly on HSV-1 when 
treatment before viral attachment showed the lowest percentage inhibition of 38.62% when 
using royal jelly at the concentration of 15,000 µg/ml (Figure 2). When comparing to the 
efficacy of acyclovir (ACV) on HSV-1 at the concentration of 1 µg/ml, ACV inhibited HSV-
1 by 100%. Moreover, 10-hydroxy-2-decenoic acid 10-HDA, the fatty acid in royal jelly 
demonstrated the antiviral activity by preventing viral infection. Royal jelly had the ability to 
decrease the viral load when treatment during viral attachment at a concentration of 100 
µg/ml.20 Moreover, the flavonoids compounds had strong inhibitory activities on viral entry, 
replication and translation of proteins.21 This research supported the result that royal jelly had 
higher percentage of inhibition when treatment during and after viral attachment. According 
to earlier research, the flavonoid compounds such as flavanones, flavones and flavonols were 
showed as the component in royal jelly and showed inhibitory activity against HSV-1.22 
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Figure 2 Inhibitory effect of royal jelly on HSV-1 when treatment before viral attachment 

 

  
Figure 3 Inhibitory effect of royal jelly on HSV-1 when treatment during viral attachment 

 
Figure 4 Inhibitory effect of royal jelly on HSV-1 when treatment after viral attachment 

 
Conclusion:  

In this study, royal jelly demonstrated antioxidant activity by 0.316±0.002 mg gallic 
acid/g extract. Phenolic and flavonoid contents of 1.40±0.24 mg gallic acid/g extract and 
0.74±0.01 mg quercetin/g extract were found in royal jelly, which may play the important 
role of antioxidant and anti-HSV-1 activity.  Furthermore, higher percentage of HSV-1 
inhibition was shown when treatment the virus with royal jelly during and after viral 
attachment with IC50 values of 6,909.52±667.85 and 3,270.53±237.48 µg/ml respectively. 
The royal jelly at the concentration of 7,500 µg/ml had the highest anti-HSV-1 with the 
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percentage inhibition of 100% when treatment after viral attachment.  In addition, royal jelly 
at the concentration of 15,000 µg/ml also showed the high ability to inhibit HSV-1 during 
viral attachment with the percentage inhibition of 92.58%. Therefore, this research could 
potentially be applied for product development of royal jelly that can be considered as an 
alternative treatment of herpetic symptoms. 
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Abstract: 
Glioblastoma is one of the most prevalent and aggressive cancers of the central nervous system 
(CNS). This malignancy is often accompanied by late diagnosis and poor survival. Current 
treatment protocols including resection, radiotherapy, and temozolomide are not satisfactory 
to improve the clinical outcomes. Thus, novel treatments are required to promote the 
effectiveness of standard of care against glioblastoma. The high doses of intravenous ascorbate, 
called pharmacological ascorbate, have been in the spotlight since the early 21st century due to 
its selective pro-oxidant activity to cancer cells. Pharmacological ascorbate (P-AscH-) executes 
this action via the formation of hydrogen peroxide (H2O2) leading to the formation of oxidative 
stress which then can further be enhanced by redox-metal mediated Fenton reaction upon 
accumulation of H2O2 in the cancer cells, causing the formation of free radical, hydroxyl ion 
(HO•). This reaction takes place on macromolecules leading to site-specific oxidative damage, 
such as DNA damage, caused by HO•. In our current study, we demonstrated that the 
pharmacological concentration of ascorbate causes a reduction in cell viability; the availability 
of intracellular labile iron increases cytotoxicity towards P-AscH-; and H2O2 is a primary factor 
toward its cytotoxic effects against H4 and U87-MG glioblastoma cell lines. We also showed 
that there is significant increase in the cytotoxic activity of temozolomide therapy when 
combined with P-AscH-, especially when higher dose of ascorbate was utilized. However, we 
were unable to depict the extent of synergetic effect owing to high resistance against 
temozolomide in U87-MG cells. Our preclinical data suggests that there could be a significant 
improvement in treatment outcomes in clinical practice with the utilization of P-AscH- as an 
adjuvant in therapies against glioblastoma.  
 
Introduction: 
Glioblastoma has a neuroectodermal origin derived from supporting glial cells with aggressive 
clinical manifestations. Glioblastoma is more predominant in males as compared to females 
with an extremely poor median survival rate i.e., ranging in months. Despite all the advances 
in glioblastoma therapies, the life span and quality of life of patients have not been much 
improved over the decades. Resection, radiation, and temozolomide are currently approved 
standard treatments.1 Novel treatment approaches are required against glioblastoma. 
Pharmacological ascorbate as an adjuvant could be an attractive option to improve the current 
regimen. Presently, high doses of ascorbate have shown enhanced sensitivity towards radiation 
as well as chemotherapy in various cancers. The effectiveness of pharmacological ascorbate 
(P-AscH-) against metastatic pancreatic cancer, metastatic ovarian cancer, and metastatic non-
small cell lung cancer has already been demonstrated in several studies.2-4 Studies have shown 
that pharmacological ascorbate may also be utilized in combating glioblastoma multiforme. 
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Present data on pharmacological ascorbate suggests that it not only act as chemosensitizer in 
different type of cancers including glioblastoma but also play an important role in radio-
sensitization as well as in enhancing cancer immunotherapy, making cancer more susceptible 
towards already approved treatment approaches.5-6 To further validate the clinical potential 
against glioblastoma, we have performed extended research on two glioblastoma cell lines, H4 
and U87-MG.  

Ascorbate acts as an antioxidant involved in scavenging free radicals in the biological 
system and as an enzyme cofactor involved in maintaining epigenetics regulation, synthesis of 
collagen, and cellular responses to hypoxia. However, upon increased plasma concentrations, 
so-called as P-AscH-, it functions as a pro-oxidant leading to oxidative stress. Interestingly, this 
property is selective towards cancer cells. Pharmacological ascorbate acts as a pro-oxidant via 
an H2O2-mediated mechanism initiated by redox-active metals existing in extracellular fluid. 
This pro-oxidant activity is selective to cancer cells due to the relatively low enzymatic activity 
of catalase in cancer cells. In contrast, in normal cells, the removal capacity against H2O2 by 
catalase is significantly greater; making normal cells less susceptible to oxidative damage 
caused by P-AscH-.7 H2O2 induces the imbalance of reactive oxygen species (ROS) in the 
cancer cell triggering oxidative stress. Further upon accumulation of H2O2 in the cancer cells, 
redox-active metals mediated Fenton reaction is initiated which causes the production of highly 
oxidizing hydroxyl radical (HO•). This is a site-specific reaction that occurs on macromolecules 
such as proteins, lipids, and most importantly, DNA.8 Production of HO• at these sites, causes 
oxidative damage such as DNA damage and thus, death of cancer cells.9 To attain this 
phenomenon, the intravenous route is utilized to achieve concentration i.e., 200 folds higher 
than that of oral administration. Owing to tightly controlled absorption via intestinal 
transporters, this concentration cannot be achieved through oral administration.10 

In our research, we aimed to investigate a variety of consequences of P-AscH- treatment 
on glioblastoma cell lines such as reduction in viability, clonogenicity, and bioenergetic levels 
of ATP. Concentrations of P-AscH- treatment used in our cell culture experiments (0.25-20 
mM) correlates with clinically achievable plasma levels i.e., up to 32 mM, through intravenous 
route.11-12 In this study, we confirmed the involvement of H2O2 in the P-AscH- mechanism of 
pro-oxidant action with the use of H2O2 detoxifying enzyme, catalase. Further, to verify the 
contribution of intracellular labile iron in the oxidation of P-AscH-, we used iron chelators i.e., 
deferoxamine (DFO) and diethylenetriamine pentaacetate (DTPA). We also demonstrated that 
adjuvant use of P-AscH- in temozolomide treatment can enhance cytotoxicity in glioblastoma 
cells to a considerable degree. Our investigation firmly proposes that P-AscH- has cytotoxic 
efficacy as a novel treatment approach against glioblastoma. 
 
Methodology: 
Material  
L-ascorbic acid (cat. No. A92902), catalase from bovine liver (cat. No. C9322), crystal violet, 
dimethyl sulfoxide (DMSO), methylthiazolyldiphenyl-tetrazolium bromide (MTT; cat. No. 
M5655), and paraformaldehyde were purchased from MilliporeSigma (Burlington, MA, USA). 
Cell culture media and supplements were obtained from Thermo Fisher Scientific (Waltham, 
MA, USA). Deferoxamine (DFO), diethylenetriamine pentaacetate (DTPA), and 
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temozolomide (TMZ) were obtained from the Tokyo Chemical Industry (TCI). CellTiter Glo 
luminescent cell viability assay (cat. No. G7571) was purchased from Promega (Madison, WI, 
USA).  

 
Cell culture 
Human glioblastoma (GBM) cell lines U87-MG and H4 were obtained from the American Type 
Culture Collection (ATCC; Manassas, VA, USA). Cells were cultured in DMEM, 
supplemented with penicillin (100 unit/mL) and streptomycin (100 µg/mL), along with 10% 
FBS. Both cell lines were maintained at 37◦C with a humidified atmosphere containing 95% 
air and 5% CO2. Both cell lines were used at passage less than 40. 

 
MTT assay 
P-AscH- treatments 
Cells were seeded at 8x103 cells/well in a 96-well plate. After 24 hours of incubation, cells 
were treated with P-AscH- concentrations ranging from 0 to 20 mM for U87-MG and 0 to 4 
mM for H4 for 1 hour in DMEM with 1% FBS. Treatments were used in mM as it will provide 
sufficient H2O2 fluxes for anti-cancer activity. After removing the treatment, cells were 
incubated for 20 h with DMEM having 10% FBS. Then, the cells were further incubated with 
0.4 mg/ml MTT solution prepared in serum-free DMEM for 2 h. After removal of the MTT 
solution, intracellular formazan crystals were solubilized with DMSO, and their optical density 
(OD) was quantified spectrophotometrically at 570 nm by a CLARIOStar microplate reader 
(BMG Labtech, Ortenberg, Germany). The percentage of cell viability was calculated using: 
% viability = [OD (treatment)/ OD (control)] × 100, where OD (control) is the optical density 
of untreated cells, and OD (treatment) is the optical density of cells treated with 
pharmacological ascorbate, respectively. 
Temozolomide treatments  
Cells were seeded at 8x103 cells/well in a 96-well plate. After 24 hours of incubation, cells 
were pretreated with P-AscH- at concentrations ranging from 0 to 5 mM for U87-MG for 1 
hour in DMEM with 1% FBS. Cells were washed and treated with 0.5 mM TMZ dissolved in 
DMSO for 18 h in DMEM with 10% FBS while keeping the concentration of DMSO at 0.5% 
v/v exposed to cells. After washing, cells were incubated with 0.4 mg/mL MTT solution for 2 
h. DMSO was used to solubilize formazan crystals and absorbance was measured and analyzed 
as described previously. 
 
Clonogenic assay 
P-AscH- treatments 
Cells were seeded at 1x105 cells/well density for the 6-well plate. After 24 h incubation, cells 
were treated with varied concentrations from 0 to 8 mM for U87-MG and 0 to 2 mM for H4 of 
P-AscH- for 1 h in DMEM with 1% FBS. Later, cells were trypsinized and counted by a 
hemocytometer after suitable dilutions were made. Cells were seeded again at a lower density 
i.e., 1200 cells/well in DMEM with 10% FBS. After 8-10 days of incubation, cells were fixed 
and stained using 4% paraformaldehyde and crystal violet solution, respectively. 50 or more 
cells together were considered as a colony. 
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Co-treatments of P-AscH- with catalase  
Extracellular catalase stock was prepared in water, sterilized with a 0.22 µm filter, and stored 
at 4 ◦C. 200 units/mL of catalase were used alone as well as in combination with 2mM of P-
AscH-. As a positive control, 1 mM hydrogen peroxide (H2O2) was used. The rest of the 
protocol was performed as described previously. 

Treatments with deferoxamine (DFO) and diethylenetriaminepentaacetic acid (DTPA)  
U87-MG cells were pretreated with chelating agents to prove the interference of labile iron 
present intracellularly. For ferric chelation, DFO (0.2mM) was used whereas for ferrous 
chelation, DTPA (1mM) was used altogether for 3 h in DMEM with 10% FBS before 1 h 
treatment with 2 mM of P-AscH- in DMEM with 1% FBS. Later, the same protocol was 
performed as described earlier. 
Temozolomide treatments  
U87-MG cells were pretreated with P-AscH- at concentrations ranging from 0 to 0.5 mM for 1 
hour in DMEM with 1% FBS. Cells were washed and treated with 0.5 mM TMZ dissolved in 
DMSO for 18 h in DMEM with 10% FBS while keeping the concentration of DMSO at 0.5% 
v/v exposed to cells. The rest of the protocol was performed as described earlier. 
 
ATP bioluminescence assay 
P-AscH- treatments 
Briefly, cells were seeded at 1x105 cells/well density for the 6-well plate. After 24 h incubation, 
U87-MG cells were treated with varied concentrations from 0 to 8 mM P-AscH- for 1 h in 
DMEM with 1% FBS. Later, cells were trypsinized and counted by a hemocytometer after 
making suitable dilutions. 4,000 cells were suspended in 100 μL of ice-cold PBS and added 
into wells of a 96-well white microplate with an opaque bottom. Then, 100 μL of CellTiter-Glo 
solution was added to each well to induce cell lysis and initiate the luminescence reaction. 
Following a 10-minute incubation, the luminescent signals were detected with a CLARIOStar 
microplate reader. The amounts of ATP were analyzed using a standard curve and then further 
converted to intracellular ATP per cell with the cell number. 
Co-treatment of P-AscH- with catalase 
A similar process as described above was employed. Cells were co-treated with 200 units/mL 
of catalase, and as a positive control, 1 mM H2O2 was utilized.  
 
Statistical Analysis  
GraphPad Prism was used to perform statistical analysis with significance set at p<0.05. One-
way analysis of variance (ANOVA) with Tukey’s post hoc was used to examine statistical 
differences between means for multiple comparisons. All means were computed from two 
independent experiments. The data were expressed as mean ± standard error of the mean 
(SEM). 
 
Result and discussion: 
P-AscH- kills glioblastoma in a dose-dependent fashion  
Our MTT data demonstrates a significant gradual decrease in cell viability upon increasing the 
concentration from 0 to 20 mM in the U87-MG cell line and from 0 to 4 mM for the H4 cell 
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line. In our study, we observed the drop in cell viability and clonogenicity in the H4 cell line 
requires a significantly lesser concentration of P-AscH- in contrast to the required for the U87-
MG cell line. Thus, the H4 cell line appears to be more sensitive towards pharmacological 
ascorbate as compared to the U87-MG cell line. In addition, data for the effect on clonogenicity 
of U87-MG cells and H4 cells also depicts similar results. These findings are consistent with 
previous studies, demonstrating increase in oxidative stress with increase in concentration of 
P-AscH-; thereby affecting the GBM in a dose-dependent fashion. 

 

 

Figure 1: P-AscH- reduces cell viability and clonogenicity of glioblastoma.  

(a) and (b) show MTT results after treatment with pharmacological ascorbate performed on 
H4 and U87-MG cell lines, respectively. We observed a significant trend in the reduction of 

cell viability with the increase in concentration of P-AscH-. (c) and (d) demonstrate the 
results of clonogenic assay performed on H4 and U87-MG cell lines, respectively. With a 

gradual increase in P-AscH- the clonogenicity of cells declines. All results are calculated from 
2 independent biological replicates with 3 (clonogenic assay) and 8 (MTT assay) technical 

replicate per experiment; mean ± SEM (*, p < 0.05; **, p < 0.01; ***, p < 0.001). 
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H2O2 is the primary contributor responsible for pharmacological ascorbate’s anticancer 
activity 
Enzymes such as catalase, glutathione peroxidase, and other peroxidases are involved in the 
detoxification of H2O2. Catalase is the primary enzyme responsible for the removal of high 
fluxes of H2O2  that are produced by P-AscH-.13 The capacity of catalase to remove H2O2 is 
reduced in cancer cells, allowing the accumulation of H2O2 in cells and cause oxidative stress 
resulting in DNA damage and cell death.14 To confirm this activity in glioblastoma, we 
investigated the clonogenicity of H4 and U87-MG cancer cell lines via co-treatment with 
catalase and P-AscH-. As a positive control, H2O2 was used. Data showed a similar trend 
between P-AscH- treatment and positive control i.e., restoration of clonogenicity upon using 
the combination with catalase as compared to P-AscH- or H2O2 alone. Hence, our results 
demonstrated that H2O2 is the major contributor towards P-AscH- pro-oxidant activity. 
Furthermore, when H2O2 activity is hindered via catalase, it results in restoration of reduction 
in clonogenicity caused by P-AscH- concluding that P-AscH- functions as a prodrug that 
delivers high fluxes of H2O2 to cancer cells. 

 

 
Figure 2: Generation of H2O2 by P-AscH- is the main factor responsible for cytotoxicity. 
(a) and (b) show the results of clonogenic assays performed on H4 and U87-MG cell lines. 

Both cells were treated with varied concentrations of P-AscH- resulting in diminishing 
clonogenicity. However, when these cells were treated in combination with catalase, 

restoration of clonogenicity occurred, confirming that H2O2 is the primary factor towards 
cytotoxicity of P-AscH-.  As a positive control, H2O2 was used. Results are analyzed from 2 

independent biological replicates with 3 technical replicates per experiment. 
 
P-AscH- disrupts cellular bioenergetics balance of glioblastoma 
Due to an increase in the consumption of energy in the cell resulting from damage caused by 
oxidative stress, cells become depleted in ATP and other bioenergetics levels.8 In our 
investigation, we measured intracellular ATP levels per cell after treatment with P-AscH- for 1 
h. We observed a significant drop in ATP levels with the increase in P-AscH- concentrations. 
To analyze the reversal of this phenomenon, we co-treated cells with catalase. Our experiments 
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demonstrated the protective role of extracellular catalase, this strongly suggests the 
involvement of H2O2 in the disruption of bioenergetic levels. This fall in bioenergetics level is 
due to the increase in demand because of activation of DNA repair mechanisms.8 Consistent 
with other studies, our data also suggests that there is decrease in bioenergtics upon treating 
with pharmacological ascorbate.14   
 

 
Figure 4: Oxidative damage caused by P-AscH- leads to a reduction in ATP bioenergetic 

levels. 
 (a) Bioenergetic levels of ATP in U87-MG cells are reduced to a significant degree after 
treatment with P-AscH- for 1 h. (b) Catalase has a shielding role against P-AscH- as it can 
detoxify H2O2 extracellularly, protecting cells from the cytotoxic effects of H2O2 generated 

by P-AscH-. Thus, restoring the ATP levels as shown in the graph. Results are analyzed from 
2 independent experiments, mean ± SEM (*, p < 0.05; **, p < 0.01; ***, p < 0.001). 

 
Intracellular labile iron partially contributes to P-AscH- anti-cancer activities 
Availability of labile iron either intracellular or extracellular plays a crucial role when we 
consider toxicity caused by ascorbate. Extracellular labile iron is essential to produce ROS i.e., 
H2O2 by the oxidation of ascorbate, whereas intracellular labile iron is crucial in the formation 
of hydroxyl free radical which is responsible for site-specific damage at macromolecules such 
as DNA, protein, and lipids.16 In our study, we used DFO and DTPA to chelate intracellular 
labile iron. After 3 h of chelation, we proceed to P-AscH- treatment for 1 h to evaluate the 
clonogenicity of U87-MG. The clonogenicity of control and DFO/DTPA alone was 
comparable. However, in the case of chelation proceeded with P-AscH- presented with colonies 
in contrast to P-AscH- alone, where no colony was observed. Interestingly, the number of 
colonies in case of DFO/DTPA proceeded with P-AscH- were much less than that of 
DFO/DTPA alone. Owing to the fact, the extracellular environment is the same as that of P-
AscH- alone, leading to usual extracellular production of H2O2. That’s why there is still 
significant toxicity caused in case of DFO/DTPA proceeded with P-AscH-. However, at the 
time of P-AscH- treatment, chelated iron was only present intracellularly, thus leading to 
inhibition of the Fenton reaction resulting in survival of a few colonies. Hence, this experiment 
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suggests the importance of intracellular labile iron in the Fenton reaction involved in the 
enhancement of cytotoxicity caused by P-AscH- towards the U87-MG cells. According to 
several studies, there is increased labile iron pools in the cancer cells as compared to normal 
cell, this increased availability of labile iron contributes toward enhanced cytotoxicity of P-
AscH-.1 

 

 
Figure 5: H2O2 can lead to the formation of HO• via Fenton reaction which causes site-

specific oxidative damage.  
Intracellular labile iron enhances the cytotoxicity of P-AscH- of U87-MG glioblastoma cell 

line, thereby inhibiting the redox-active metals mediated by the Fenton reaction. Results were 
derived from 2 independent biological replicates with 3 technical replicates per experiment. 

 
P-AscH- as an adjuvant with temozolomide increases anti-cancer activity 
Temozolomide (TMZ) is currently an approved therapy against glioblastoma.15 To analyze 
temozolomide effectiveness when given along with adjuvant pharmacological ascorbate, we 
pretreated U87-MG cells with P-AscH- for 1 h and then immediately with temozolomide for 
18 h. Our data demonstrates that with the increase in the concentration of P-AscH- while 
keeping the temozolomide at the same concentration, cytotoxicity of combination treatment is 
increased suggesting that P-AscH- could be the responsible factor for this enhanced toxicity. 
Similarly, the clonogenicity of U87-MG cells was further diminished due to the combined 
toxicity of both agents. Our investigation concludes that P-AscH- as an adjuvant with TMZ, 
produces greater therapeutic outcomes than TMZ alone.  
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Figure 3: Adjuvant use of P-AscH- in temozolomide therapy induces greater anticancer 

activity in glioblastoma than temozolomide alone. 
(a) and (b) present results from the MTT assay and clonogenic assay performed on the U87-
MG cell line. Cells were pretreated with P-AscH- for 1 h and treated with TMZ for 18 h. Our 
data depicts an increase in anti-cancer activity with the adjuvant use of P-AscH- as compared 

to TMZ alone. All results are analyzed from 2 independent biological replicates with 3 
(clonogenic assay) and 8 (MTT assay) technical replicates per experiment; mean ± SEM (*, p 

< 0.05; **, p < 0.01; ***, p < 0.001). 
 

Conclusion: 
In summary, our investigation indicates that P-AscH- has anti-cancer activity against 
glioblastoma. Our in vitro data suggests that P-AscH- decreases cell viability and significantly 
reduces clonogenicity and depletes intracellular bioenergetics levels. Our study demonstrates 
that H2O2 is a responsible contributor towards pro-oxidant activity of P-AscH-. Thus, 
pharmacological ascorbate acts as a prodrug to provide H2O2 fluxes to the cells by redox-active 
metals mediated reactions. With the use of chelators (DFO/DTPA) before P-AscH- treatment, 
restoration of clonogenicity as compared to P-AscH- alone was observed, demonstrating the 
involvement of intracellular labile iron in cytotoxicity of P-AscH-. Moreover, P-AscH- as 
adjuvant with temozolomide significantly enhanced anti-cancer activity in glioblastoma cell 
lines. Our findings present an insightful understanding of P-AscH- as a potential adjuvant in 
glioblastoma therapy and its possible outcomes. To leverage its significance in clinical practice, 
extensive in vivo studies are required to confirm P-AscH- efficacy against glioblastoma 
proceeding to clinical trials to analyze adverse effects associated with the use of P-AscH- as 
adjuvant in temozolomide therapy in GBM patients.  
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Abstract:  

Triple-negative breast cancer (TNBC) is a subtype of breast cancer with extremely 
aggressive, invasive and poor prognosis making it become one of the most difficult cancers to 
treat. Paclitaxel (PTX) usually used as a front-line in breast cancer treatment however, the 
development of chemoresistance and side effects from PTX are a huge drawback. Using the 
combination treatment could overcome these drawbacks. Ursolic acid (UA) which is a non-
toxic phytochemical found in various types of plants could be an interesting choice. UA has 
been reported to show anti-cancer activity in several types of cancer and found to enhance the 
cytotoxicity of anti-cancer drugs even in drug-resistant breast cancer cells. However, UA has 
low bioavailability due to its poor water solubility properties which limit its clinical effect. 
To overcome this limitation, the UA encapsulated chitosan-coated poly (lactic-co-glycolic 
acid) ((UA)-PLGA/CS) nanoparticles were designed. The obtained nanoparticles had a 
spherical shape as demonstrated by Scanning Electron Microscopy (SEM) with a size around 
260 nm and zeta potential at + 10 mV. The loading efficiency (LE) of 1.5 percent and 
encapsulation efficiency (EE) of 25 percent. (UA)-PLGA/CS improves the anti-breast cancer 
activity of UA by significantly decreasing cells viability of MDA-MB-231 cells which is the 
TNBC. The combination effect between (UA)-PLGA/CS and PTX has been investigated. 
This work demonstrated the function (UA)-PLGA/CS as a successful carrier for UA with the 
potential to enhance the anti-cancer efficacy in TBNC cell line. These findings are essential 
for further developing a better breast cancer treatment that can improve the life quality of 
cancer patients worldwide.  

  
Introduction:  

Triple-negative breast cancer (TNBC) is an aggressive subtype, accounting for 10–
15% of all breast cancers and presenting a poor long-term prognosis [1]. As it is deficient in 
progesterone, estrogen, and human epidermal growth factor receptor-2 (HER-2) receptors, it 
is unresponsive to hormonal or anti‑HER2 therapies, making it challenging to treat. In 
addition, the status of these receptors is considered as the standard prognostic and predictive 
factors, lack of these receptors leading to late diagnosis possibly allow the metastasis of 
cancer cells [2]. Late detection with advanced stage of TNBC and limited of treatment make it 
become one of the most challenging cancers to be treated. The most common treatment used 
for TBNC is chemotherapy.  

 Paclitaxel (PTX), widely us as a chemotherapeutic agent, is effective against various 
cancer types [3, 4]. In breast cancer cells, PTX is usually utilized as the first-line therapeutic 
treatment, the mechanisms of PTX are related to the inhibition of cancer cells growth [3], 
causes cell cycle arrest, and ultimately causes cancer cells to undergo apoptosis by 
encouraging the polymerization of tubulin and stabilizing the ensuing microtubules [5] 
triggers several signaling pathways resulting in programmed cell death [6, 7]. However, the 
drug resistance and the side effects have limited the medical effect of PTX in breast cancer 
treatment. Up to 90% of cancer deaths are caused by drug resistance [8]. Chemotherapeutic 
medication effectiveness is hampered by multidrug resistance (MDR), which frequently 
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results in relapse [9]. Patients frequently become resistant to treatment, which forces them to 
alter their therapeutic approach and may contribute to the phenomenon of resistance. After 
receiving the chemotherapy patients usually suffer from side effects such as hair loss, fatigue, 
loss of appetite, nausea, and immune problems which affect the quality of life. To necessitate 
combination treatment to address these challenges. 

One of the interesting choices is ursolic acid (UA) is the non-toxic phytochemicals 
triterpene compound commonly found in several types of plants and fruit, such as thyme, 
apple peel, and cranberries; recently, UA has been widely studied due to its potential 
biochemical effects such as anti-cancer activity. Therefore, many studies have reported the 
anti-breast cancer activity of UA, in many types of cancer including live cancer, gastric 
cancer, colorectal cancer, and breast cancer. UA was reported to enhance the effect of PTX in 
the chemoresistance of cancer cells [10, 11]. Although UA has shown a lot of benefits for 
cancer treatment, UA has a huge drawback due to low water solubility that leads to poor 
bioavailability. This drawback could limit the biological potential of UA. Using an efficient 
drug delivery system can increase the transportation of the compounds into cells, increase the 
bioavailability of the drug, and protect the compound from chemical- and bio-degradation. 
Using nanoparticles (NPs) as a nanocarrier could show great promise in overcoming this 
problem. 

Chitosan-coated poly(lactic-co-glycolic acid) (PLGA/CS) is one of the most widely 
used nanoparticles for drug delivery which shows highly biocompatible and sustained release 
properties. The positive charge of the chitosan provides the benefit of mucoadhesive effect 
[12], and increases cellular internalization [13] which could result in improved bioavailability of 
the compounds. Therefore, this UA encapsulated PLGA/CS nanoparticles ((UA)-PLGA/CS) 
has a huge potential to improve the bioavailability of UA and improve the anti-cancer of UA 
in breast cancer cells which could lead to enhanced activity of PTX. 
 
Methodology:  
Chemical Material 
 Poly (lactic-co-glycolic acid) (PLGA) (M.W. 45,000-55,000 Da) was purchased from 
PolySciTech (Akina Inc.). Poly (vinyl alcohol) (PVA) (M.W. 9,000-10,000 Da), Trehalose 
and Chitosan low molecular weight were purchased from Sigma-Aldrich. Dichloromethane 
(DCM) and Glacial acetic acid were purchased from Thermo Fisher Scientific, UK. Ursolic 
acid (UA) was purchased from Tokyo Chemical Industry Co., LTD. Paclitaxel (PTX) was 
purchased from Med Chem Express, USA. Eagle's minimum essential Medium (EMEM), 
Dulbecco’s modified Eagle medium (DMEM), Fetal bovine serum (FBS) and 
penicillin/streptomycin solution (P/S) were purchased from Gibco, UK. All aqueous solutions 
were prepared using Milli-Q water (MQ-water).  
 
Cell lines and culture conditions  

TBNC cell line (MDA-MB-231) was purchased from the American Type Culture 
Collection (ATCC, Manassas, VA, USA). MDA-MB-231 cells were cultured in DMEM 
medium, supplemented with 10% (v/v) heat-inactivated FBS and 1% P/S and cultured at 37 
°C with 5% CO2 incubator. 
 
Optimization of the synthesis (UA)-PLGA/CS 

To optimize the synthesis of (UA)-PLGA/CS, two distinct methods were employed, 
as previously described [14, 15]. Chitosan was dissolved in either water or acetic acid. 
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The preparation of (UA)-PLGA/CS by using chitosan dissolved in water was reported 
by Mekseriwattana et al., 2021 [14] chitosan dissolved in water phase. In brief, PLGA and UA 
powder dissolved in DCM at the final concentration of 50 mg/mL and 5 mg/mL respectively 
as an oil phase, dropwise into the water phase containing chitosan in 5% PVA while vortex 
mixing. The mixture was emulsified using a probe sonicator by using 38% power for 30 sec 
then vortex mixing, repeats for 3 cycles then evaporate the organic solvent by adding the 
mixture into 0.3% PVA solution and stirred for 3 h at room temperature. The nanoparticles 
were separated by centrifugation at 18,514 xg for 30 min and washed with water 3 times. 
Lastly, the trehalose at the concentration of 1 mg/mL as a cryoprotectant was added before 
lyophilized. 
 In the second protocol reported by Nag et al., 2021 [15], chitosan dissolved in acetic 
acid, PLGA (50 mg/mL), and 5 mg/mL of UA were dissolved in 2 mL dichloromethane 
(DCM) as an oil phase dropwise into the water phase that contained only 0.3% PVA then 
using probe sonicator for 2 min on ice. The solution was stirred for 5 h to evaporate the 
solvent and centrifuged at 18,514 xg for 1 h to obtain the pellet of PLGA nanoparticles. The 
pellet was suspended in the chitosan solution (1% Chitosan (w/v) in 2% glacial acetic acid 
(w/w)) and stirred overnight at room temperature to yield the CS/PLGA NPs. The solution 
was centrifuged at 18,514 xg for 30 h and washed 3 times with distilled water. Lastly, the 
trehalose at the concentration of 1 mg/mL as a cryoprotectant was added before lyophilized. 

The resulting nanoparticles were characterized for size, polydispersity index (PDI), 
zeta potential, yield percentage, encapsulation efficiency (%EE), and loading efficiency 
(%LE). The nanoparticles were observed under a scanning electron microscope (SEM) to 
determine morphology and size. 

 
Characterization of (UA)-PLGA/CS 
Size 

The hydrodynamic size, PDI, and zeta potential of the nanoparticles were measured 
by dynamic light scattering technique using Zetasizer Nano ZS90 (Malvern Instruments, 
Malvern, UK). The nanoparticles solutions were injected into disposable cell for size 
measurement. The zeta potential was measured by using a carbon-coated electrode. 
 
Encapsulation efficiency 

The total amount of UA loaded in CS/PLGA was measured using high performance 
liquid chromatography (HPLC, Waters 2487, Waters Corporation) using UV detector at 210 
nm. The UA was separated by using C-18 column (ZORBAX, 4.6x150 nm, 5 μm) at 35°C 
isocratic mode with mobile phase of Acetonitrile: Methanol = 80: 20 v/v. The UA standard 
solutions were prepared by dissolving UA in methanol and diluted into different 
concentrations to generate a standard curve. The (UA)-PLGA/CS was dissolved in methanol 
and used a probe sonicator for 10 sec to break the particle, then centrifuge to collect the 
supernatant that used for the amount of UA encapsulated analysis.  The amount UA was 
reported as μg per mg and calculated as encapsulation efficiency (% EE) and loading 
efficiency (% LE) following these equations:  
% Encapsultation efficiency (%EE) =  

 
% Loading efficiency (%LE) =  
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Scanning electron microscope  
The morphology and size of the lyophilized nanoparticles were observed using field 

emission scanning electron microscopy (FESEM, JSM-7001F, JEOL, Japan). The thin films 
of the sample were prepared on a carbon-coated copper grid and coated with gold for 
conductivity. 
 
Evaluate the anti-cancer activity 

To evaluate the cell viability of TNBC cells, the MTT assay was used. MDA-MB-231 
cells were seeded into 96 well plates with 8,000 cells/well. UA, PTX, and (UA)-PLGA/CS 
were prepared by dissolving in serum-free media and vortex for 10 min. The prepared 
solutions were treated in the cells for 48 h. The positive control was cells treated with serum 
free medium and 1% of triton-X was used as a negative control. The 0.5 mg/mL MTT 
solution was added into the cells and incubated for 3 h. Later, the MTT solution was removed 
and 200 µL of DMSO was added into every well to dissolve the formazan crystal. Measure 
the absorbance of the solution at 540 nm. Cell viability percentages were calculated by using 
the following equation:  
  
% cell viability = (average absorbance of the treated cells/ average absorbance of positive 
control) x 100 
 
Western blot  

MDA-MB-231 cells with 5 × 105 cells/well were seeded into 6 wells plate and treated 
with UA and (UA)-PLGA/CS for 48 h then extracted the protein by using RIPA buffer. 
Micro BCA assay (Thermo Fisher Scientific, UK) was used to determine protein 
concentration. For western blot analysis, protein 50 μg and 1X protein loading dye were 
added into the acrylamide gel and separated by SDS-PAGE, then transferred onto PVDF 
membrane via semi-dry transfer. The membrane was blocked by 5% non-fat dry milk at room 
temperature for 1 h. The membrane was incubated with an anti-BAX antibody at 4 °C 
overnight. Then, incubate the membrane with an anti-rabbit secondary antibody conjugated 
with horseradish peroxidase. A gel documentation system (G:BOX Chemi XX6, The 
syngene, UK) was used to detect the band on the membrane by using a chemiluminescent 
HRP substrate (ECL, Biorad, USA) as a substrate. 
 
Statistical analysis 

All experiments were replicated for three independent experiments (n = 3) except for 
the western blot experiment which was done two times independently. Data were expressed 
as mean ± standard error of the mean (SEM). GraphPad Prism Version 9.5.1 (528) was used 
for statistical analysis. The data were compared by Two-way ANOVA. Statistical 
significance was denoted as follows:  **** p value ≤ 0.0001, *** p ≤ 0.001, ** p ≤ 0.01, * p 
≤ 0.05; ns, not significant (p > 0.05). 
 
Results and Discussion:  
Characterization of (UA)-PLGA/CS 

(UA)-PLGA/CS were prepared by using 2 different methods including chitosan 
dissolved in water and chitosan dissolved in glacial acetic acid. These 2 methods provide 
similar percent yields but different in size, PDI, and zeta potential as shown in Table 1. 
Chitosan dissolved in water methods provide NPs with 252 nm, PDI lower than 0.2 indicating 
the monodispersed of the NPs and zeta potential with +10.5 mV which can confirm the 
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successful chitosan coated on PLGA NPs. While chitosan dissolved in acetic acid provides 
bigger NPs with 746 nm, PDI around 0.3 and high positive value of zeta potential around + 
51 mV. The nanoparticles yield from the 2 methods have amount around 85 % and provide a 
similar %EE and %LE with around 24 % - 28 % and 1.3 % -1.7 % respectively.  

The (UA)-PLGA/CS obtained from dissolved chitosan in acetic have bigger size and 
too high PDI indicating the polydispersity of NPs. The bigger size of nanoparticles trends to 
have lower cellular uptake [16]. Therefore, the (UA)-PLGA/CS NPs using chitosan in water 
were used in the later parts of the experiment. Further characterization of (UA)-PLGA/CS 
with 250 nm size was done, and the morphology of NPs was observed by using a scanning 
electron microscope (SEM). (UA)-PLGA/CS have a spherical shape and smooth surface with 
a size obtained from SEM image around 137 nm as shown in Figure 1.  

 
Table 1. Characterization of (UA)-PLGA/CS prepared by using 2 different methods 
Methods Size (nm) PDI Zeta potential 

(mV) 
Yield (%) EE (%) LE (%) 

Chitosan in 
water 

252 ± 1.4 0.16 10.5 ± 2.9 88.9 ± 4.8 24 ± 7.4 1.3 ± 0.3 

Chitosan in  
acetic acid 

746 ± 10.2 0.3 51.5 ± 5.8 83.0 ± 4.3 28.1 ± 1.1 1.7 ± 0.02 

 
 

 
Figure 1. Morphology and size of (UA)-PLGA/CS observed under SEM 
 

To evaluate the anti-cancer activity of UA and (UA)-PLGA/CS 
UA has been reported to inhibit cell proliferation in TNBC cells by affecting several 

signaling pathway  [17, 18]. The (UA)-PLGA/CS NPs were prepared to improve the anti-cancer 
activity of UA in TNBC. Therefore, the anti-cancer efficacy of UA and (UA)-PLGA/CS NPs 
was investigated by performing MTT assay to present the cells viability of TBNC after being 
treated with UA and (UA)-PLGA/CS NPs. As shown in Figure 2 both UA and (UA)-
PLGA/CS were decreasing cell viability of MDA-MB-231 cells in dose dose-dependent 
manner.  

When comparing the efficacy, (UA)-PLGA/CS exhibited a significantly decreasing 
cells viability at the same concentration. The IC50 of (UA)-PLGA/CS NPs and UA were 
37.73 µM and 85.38 µM respectively, indicating a better anti-breast cancer efficacy of (UA)-
PLGA/CS. These results can confirm that the anti-cancer efficacy of UA can be enhanced by 
PLGA/CS NPs. Similar to the studies of Punfa, Wanisa, et al., 2012 found that PLGA 
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nanoparticles enhance the activity of curcumin in drug resistance cancer by enhancing the 
cellular uptake [19].  

 

 
Figure 2. Cells viability of MDA-MB-231 cells treated with UA and (UA)-PLGA/CS 

for 48 h. **** p value ≤ 0.0001, *** p ≤ 0.001, * p ≤ 0.05 
 

Effect of UA and (UA)-PLGA/CS NPs on the BAX expression 
To investigate the mechanism underlying anti-cancer activity in TNBC of UA 

and (UA)-PLGA/CS NPs, the expression of BAX was investigated by western blot analysis. 
BAX is a member of the Bcl-2 gene family and play a role as pro- apoptotic protein regulates 
a wide range of cellular processes. As shown in Figure 3A cells treated with serum-free as a 
control show a low expression of BAX but showed higher expression in cells treated with 
(UA)-PLGA/CS.  

Even though, the expression level of BAX in Figure 3B shows no significant 
difference but it was increased when treated with Free UA and highly increased when treated 
with (UA)-PLGA/CS compared to the control group. These results indicate that (UA)-
PLGA/CS induces apoptosis and enhances the anti-cancer efficacy of UA potentially 
affecting the signaling pathway related to cell apoptosis. 

 

    
Figure 3. BAX expression of MDA-MB-231 cells treated with serum-free media, UA 

and (UA)-PLGA/CS respectively A) represent the Western blot results B) Quantitative 
results. ns, not significant (p > 0.05) 

 
Effect of (UA)-PLGA/CS on a combination effect with Paclitaxel (PTX) 
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The studies of Meng et al., 2021 found that UA has the ability to accelerate the 
function of PTX by inducing cells death in the esophageal cancer Cells [11]. Together with the 
study of Xu et al., 2017 reported that UA has a synergistic effect with PTX in gastric 
carcinoma regulated by Cyclooxygenase-2 [20]. There were several studies of synergistic 
effects between UA and PTX in many types of cancer but not in breast cancer. For breast 
cancer there was research by Xiang et al., 2019 found that UA can decrease the PTX 
resistance of breast cancer cells by targeting MiRNA-149-5p/MyD88 [10]. Therefore, this 
experiment aims to investigate the combination effect of (UA)-PLGA/CS with PTX in breast 
cancer cells. The combination effect was investigated by using the cells viability experiment 
as described Jiang, S. et al., 2015 in brief, the single treatment was investigated, then, the 
concentration of the first drug was fixed, vary the concentration of another drug for the 
combined treatment, lastly evaluated the effect between two drugs [21]. The MTT assay was 
done by treating the cells with (UA)-PLGA/CS and PTX. The concentrations of (UA)-
PLGA/CS were fixed at IC25 and varied the concentration of PTX at IC25, IC50 and IC75 
which are 1 nM, 8 nM, and 20 nM respectively (Figure 4A, Figure 4B, and Figure 4C 
respectively). As shown in Figure 4, all 3 conditions of co-treat between (UA)-PLGA/CS 
and PTX did not show a significant difference from the PTX treated alone.  

This result indicated that (UA)-PLGA/CS did not enhance the anti-cancer activity of 
PTX and there was no combination effect between (UA)-PLGA/CS and PTX in MDA-MB-
231 cells. These could be the results from the (UA)-PLGA/CS NPs required time to release 
UA that does not affect the function of PTX-treated TNBC cells. 

 

 
Figure 4. Cell viability results of MDA-MB-231 cells treated with (UA)-PLGA/CS and PTX 

individually and co-treated between (UA)-PLGA/CS with A) IC25, B) IC50 and C) IC75 of 
PTX. ns, not significant (p > 0.05) 

 
Conclusion:  

In conclusion, (UA)-PLGA/CS were developed to enhance the anti-cancer properties 
of UA in TNBC and studies the effect of (UA)-PLGA/CS when used with PTX. Our study 
indicates that UA which is the phytochemical demonstrated the anti-cancer activity in TNBC 
cells, but insoluble properties limit its clinical effect. (UA)-PLGA/CS were prepared to 
overcome the limitation of UA. (UA)-PLGA/CS exhibits the improvement of anti-cancer 
properties of UA in TNBC by having lower IC50 value and increased BAX protein expression 
compared to UA. (UA)-PLGA/CS was found to inhibit the cancer cell proliferation and 
induced cells death in MDA-MB-231 cells.  Therefore, it had the potential to be used as an 
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anti-breast cancer treatment in TNBC patients. However, the co-treatment between (UA)-
PLGA/CS and PTX showed no effect, and cells viability of TBNC were decreased from the 
effect of PTX only.  

Even though the combination effects between (UA)-PLGA/CS and PTX was not 
observed, the development of (UA)-PLGA/CS has the potential to be used as anti-cancer 
agent is an advancement in the field of drug delivery and cancer research. Additionally, it 
might be beneficial to the development of fresh treatment modalities that enhance the quality 
of life for breast cancer patients worldwide. 
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Abstract 

Superparamagnetic iron oxide nanoparticles (SPIONs) have been widely studied for 
medical applications such as contrast agents, and magnetic hyperthermia (MH) for cancer 
therapy. In this work, SPIONs were synthesized using the co-precipitation method of iron (II) 
and iron (III) chloride in basic condition and coated with riboflavin-citrate ligand (CARf) or 
citric acid. Rf-SPIONs and C-SPIONs were evaluated for colloidal stability in water and 
DMEM supplemented with different concentrations of fetal bovine serum (FBS). NPs 
exhibited different behaviors in water and at lower concentrations of FBS, whereas 
approximately 200 nm of both NPs were found when dispersed in 10% FBS in DMEM 
media, which indicated the highest stabilities of Rf-SPIONs and C-SPIONs in biological 
media for cell culture. The cellular uptake study revealed a significantly higher uptake of the 
Rf-SPIONs into breast cancer cells (2.9 times SSC signal) compared to normal breast cells 
(2.3 times SSC signal). This result indicated that the Rf-SPIONs are suitable for breast cancer 
delivery. In addition, the cellular uptake mechanism of this Rf-SPIONs was investigated. 
Riboflavin carrier protein (RCP) has been hypothesized to facilitate the cellular uptake of 
these particles. Surprisingly, the study of the effect of RCP on cellular SPIONs uptake 
suggested that RCP does not play a role in Rf-SPIONs uptake mechanism. These results 
could help to understand and be a guideline for the Rf-SPIONs internalization mechanism in 
other possible pathways for further development and utilization of Rf-SPIONs in breast 
cancer treatments.  

  
Keywords: Magnetic nanoparticles; Riboflavin; Riboflavin carrier protein
 
Introduction:  
 Recently, superparamagnetic iron oxide nanoparticles (SPIONs) have gained wide 
interest in biomedical applications due to their responsivity to external magnetic fields and 
biocompatibility1. For more stability and high specificity of SPIONs, surface modification is 
essential for SPIONs. Poly(ethylene glycol) (PEG), poly(vinyl alcohol) (PVA), chitosan, and 
citric acid were widely used for surface modification as they prevent agglomeration and 
could also provide a functional group for further surface modification of SPIONs, leading to 
different surface properties, cellular responses, and increase the uptake of SPIONs in specific 
cells2-4. Additionally, the stability of NPs in the biological environment is required to be 
evaluated before utilization. Some proteins in biological media could interact with the 
SPIONs, resulting in changing their stabilities, behaviors, and cellular recognition of 
nanoparticles5.  
 On the other hand, to achieve the targeting ability of SPIONs to cancer cells, our 
previous study reported riboflavin (Rf) can enhance the delivery efficiency of PLGA 
nanoparticles into breast cancer cells and high SPIONs uptake in MCF-7 cells6, 7. According 
to the experimental results, the internalization of Rf-SPIONs was proposed through the 
binding with riboflavin carrier proteins (RCP), which has been reported to be overexpressed 
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in tumor tissues of breast cancer and prostate cancer. However, there is still no direct 
evidence to clarify the mechanisms of RCP acting as a target for Rf-base nanoparticle uptake 
in breast cancer cells. 
 Hence, this study aims to evaluate the stability of Rf-SPIONs when dispersed in 
different aqueous solutions and perform that Rf could enhance the cellular SPIONs uptake in 
breast cancer cells, including investigating the role of RCP on cellular uptake mechanism.   
 
Methodology: 
Materials 
 Ferrous chloride tetrahydrate (FeCl2·4H2O, ≥ 99%), ferric chloride hexahydrate 
(FeCl3·6H2O, 97%), and riboflavin were obtained from Sigma-Aldrich®. Ammonia solution 
(NH4OH, 25%) and tri-sodium citrate dihydrate (99%) were obtained from Merck. 
Hydrochloric acid was obtained from Riedel-de Haen. Citric acid was purchased from 
Vidhyasom Co. Ltd. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide 
(MTT, 98%) was obtained from Pan-Reac AppliChem. Dimethyl sulfoxide (DMSO) was 
obtained from Fisher Scientific. All chemicals were used as purchased without further 
purification. All aqueous solutions were prepared using Milli-Q water (MQ-water) obtained 
from a Plus water purification system (Millipore, Milford, MA, USA). Dulbecco’s Modified 
Eagle’s Medium (DMEM), fetal bovine serum (FBS), and Penicillin/Streptomycin were 
obtained from Gibco®. 
 
Synthesis and characterization of riboflavin-citrate ester (CARf) 
 Riboflavin-citrate ester (CARf) was prepared using the protocol from Wid 
Mekseriwattana et al7. Rf (1.0 eq.) was mixed with citric acid (1.2 eq.) and dissolved in liquid 
phenol (30 mL). Then, the reaction was stirred and heated up to reflux condition at 140 ᵒC for 
6 hours. After completion, the obtained reaction was cooled down to room temperature and 
poured into diethyl ether (250 mL), followed by vacuum filtration. The precipitate was 
washed with EtOAc to remove excess citric acid. Finally, the crude product was incubated for 
24 hours and was dried under reduced pressure to provide an orange solid; 1H NMR (400 
MHz, DMSO-d6): δ = 2.39 (s, 3H), 2.47 (s, 3H), 2.49 (s, 4H), 2.74 – 2.83 (m, 2H), 3.63 (s, 
3H), 4.22 – 5.35 (m, 3H), 6.74 (dd, J = 6.6 Hz, 3H), 7.14 (t, J = 6.52 Hz. 2H), 7.89 (d, J = 
11.2 Hz, 1H), 9.35 (s, 1H), 11.34 (s, 1H). 
 The CARf ligand was characterized by nuclear magnetic resonance (NMR), high-
resolution mass spectroscopy (HRMS) (Bruker Dal tonics Data Analysis 3.3), and analyzed 
by high-performance liquid chromatography (HPLC) (HPLC 2695-UV 2487&PDA 2996) on 
a reversed-phase C18 column (150 × 4.6 mm) using methanol: water (40:60) as a mobile 
phase and a fluorescence detector (Intelligent FP-2020) (excitation wavelength, 450 nm; 
emission wavelength, 510 nm). 
 
Synthesis of SPIONs 
 Preparation of bare superparamagnetic iron oxide nanoparticles (B-SPIONs) 
 B-SPIONs were prepared by the co-precipitation method which was modified from 
Petcharoen and Sirivat8. A mixture of iron (II) chloride tetrahydrate (1.0 eq.) and iron (III) 
chloride hexahydrate (2.5 eq.) was dried in a vacuum for 15 minutes. The obtained mixture 
was dried under an N2 atmosphere and dissolved in DI water (100 mL), heated up to 80 ᵒC for 
30 minutes. Then, 5 mL of 25% ammonium hydroxide solution was dropwise into the 
reaction, stirring at 80 ᵒC for 30 minutes. After completion, the resulting reaction was cooled 
down to room temperature and purified by magnetic separation to collect the SPIONs. 15 mL 
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of DI water was added to the precipitate and vortexed back to the black solution. Then, 
SPIONs were collected by magnetic separation. Finally, the precipitate was dispersed in DI 
water to the desired product as a black solution (100 mL). 
    
 Preparation of citrated-coated superparamagnetic iron oxide nanoparticles (C-
SPIONs)  
 C-SPIONs were prepared by using a soft chemical approach that was reported by 
Nigam et al9. A mixture of iron (II) chloride tetrahydrate (1.0 eq.) and iron (III) chloride 
hexahydrate (2.5 eq.) was dried in a vacuum for 15 minutes. Then, the obtained mixture was 
dried under an N2 atmosphere and dissolved in DI water (40 mL), heated up to 70 ᵒC for 30 
minutes.  Then, 10 mL of 25% ammonium hydroxide solution was dropwise into the reaction, 
stirring for 30 minutes. Next, tri-sodium citrate dihydrate (0.75 g per mL) (1.2 eq.) in DI 
water (2 mL) was added to the reaction, the reaction was heated up to 90 ᵒC and further 
stirred for 1 h. After completion, the resulting reaction was cooled down to room temperature 
and purified by magnetic to collect the desired product as a black solution (100 mL).  
 
 Preparation of riboflavin-coated superparamagnetic iron oxide nanoparticles (Rf-
SPIONs)  
 A stirred solution of 50 mg riboflavin-citrate ester (CARf) in DI water (40 mL) was 
added with B-SPION (10 mL). Then, the mixture was dried and stirred under an N2 
atmosphere at 90 ᵒC for 90 minutes. After completion, the resulting reaction was worked up 
and cooled down to room temperature. The crude solution was isolated by centrifugation 
(12000 rpm, 30 minutes), and the precipitated Rf-SPIONs were dispersed in 15 mL of DI 
water, and centrifuged again. To remove excess CARf ligands, this process was carried out at 
least three times. The final pellet Rf-SPIONs were collected and dispersed in 10 mL of DI 
water, kept as a black solution. 
 
Characterization of the SPIONs 
 SPIONs were diluted in DI water to a concentration of approximately 0.1 mg SPIONs 
per mL, and characterized in terms of hydrodynamic diameter (DH) and zeta potential values 
using a Zetasizer Ultra (Malvern Panalytical, UK). All data were measured and analyzed in 
individual triplicates, reporting as mean ± SD values from the three batches. 
 
Effect of FBS supplementation in cell culture media on the colloidal stability of SPIONs 
 SPIONs were diluted into (10 µg per mL) in DI water, serum-free Dulbecco’s 
Modified Eagle’s Medium (DMEM), and DMEM supplemented with 1%, 5%, and 10% fetal 
bovine serum. The diluted SPIONs were characterized in terms of hydrodynamic diameter 
(DH) by Zetasizer Ultra (Malvern Panalytical, UK). All data were measured and analyzed in 
individual triplicates, reporting as mean ± SD values. 
 
Cell line and Cell culture condition  

The breast cancer cell line (MDA-MB-231, MCF-7), and human breast epithelial cell 
line (MCF-10A) were purchased from American Type Culture Collection (ATCC®). Cells 
were cultured in 75 cm2 cell culture flasks (Nest®) in each recommended medium 
supplemented with 10% fetal bovine serum and 1% Penicillin/Streptomycin at 37 °C under 
5% CO2 in a humidified incubator to allow the cells to reach 70-80% confluence. Cell 
subculture was done using 0.25% trypsin-EDTA and the media were changed every two 
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days. All cell culture supplies were purchased from Gibco, UK. Each cell line was treated 
with its recommended medium, according to Table 1. 
Table 1. Media and supplements 
Cell line Medium 
MDA-MB-231 Dulbecco’s Modified Eagle’s Medium (DMEM) (Gibco®), 

10% fetal bovine serum (FBS), and 1% penicillin-
streptomycin 

MCF-7 Minimum Essential Medium (MEM) (Gibco®), 10% fetal 
bovine serum (FBS), and 1% penicillin-streptomycin 

MCF-10A Dulbecco’s Modified Eagle’s Medium with Nutrient Mixture 
F-12 (DMEM F-12) (1:1) (Gibco®), 5% horse serum, 20 ng 
per mL hEGF, 10 µg per mL human insulin, 0.5 µg per mL 
hydrocortisone, and 1% penicillin-streptomycin 

 
Cellular SPIONs Uptake by Flow Cytometry Analysis 
 To determine the intracellular SPIONs amount, the cells were seeded onto a 6-well 
plate (2  105 cells per mL, 2 mL) and incubated in a humidified incubator to allow the cells 
to reach 70 – 80% confluence at 37 °C in the presence of 5% CO2 for 24 h. The media were 
discarded and replaced with fresh DMEM containing 100 µgSPIONs per mL of either Rf-
SPION or C-SPIONs. Control cells were incubated without SPIONs addition. After an 
incubation period of 4 h, the cells were washed twice with DMEM rinsed twice with PBS, 
and trypsinized before fresh DMEM was added. Subsequently, the cells were transferred to a 
microtube and centrifuged at 5,000 rpm for 5 minutes at 4 °C, followed by washing with ice-
cold PBS and further centrifuged for 5 minutes. The pellet cells were fixed with 3.6% 
formaldehyde on ice for 20 minutes and centrifuged for 5 minutes, followed by washing with 
ice-cold PBS. The cell suspension was used for the subsequent analysis by flow cytometry 
using Attune Nxt flow cytometer (ThermoFisher Scientific, MA, USA) where a fixed number 
of 20,000 gated events were collected and analyzed. 
 
Investigation of the role of RCP on cellular internalization mechanisms of Rf-SPIONs in 
breast cancer cells 
 MDA-MB-231 cells were seeded onto a 6-well plate (2  105 cells per mL, 2 mL) and 
incubated in a humidified incubator to allow the cells to reach 70 – 80% confluence at 37 °C 
in the presence of 5% CO2 for 24 h. After incubation for 24 h, the media were discarded and 
rinsed twice with PBS, and the cells were incubated with 0 – 100 µgSPIONs per mL of RCP in 
Opti-MEMTM for 30 minutes at 37 °C in the presence of 5% CO2, and then added with 
DMEM containing 100 µg per mL of Rf-SPION and incubated for 4h. Control cells were 
incubated without SPIONs addition. After an incubation period of 4 h, the media were 
prepared for flow cytometry analysis. 
 
Statistical analysis 
 All studies were replicated for the three independent experiments (n = 3). All data are 
presented as mean ± SEM from the triplicate analyses. GraphPad Prism 8.0.1 was used for 
statistical analysis. Data comparison was assessed by either one-way or two-way analysis of 
variance (ANOVA). The difference was considered statistically significant with a probability 
(p-value) below 0.001, 0.01, 0.1, and no significant (ns), respectively. 
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Results and Discussion: 
Synthesis of riboflavin-citrate ester (CARf) 
 The conjugation of riboflavin (Rf) and citric acid was designed to provide potentiality 
on binding the surface of SPIONs, as the functional groups of Rf are not suitable to interact 
with SPIONs. In addition, citric acid has been used as a stabilizer for magnetic nanoparticles. 
The carboxylic acid terminal group assists in more dispersion of NPs in water and gives a 
functional group for further modification3, 7, 10. The CARf ligand was synthesized under 
reflux conditions through the esterification reaction as shown in Figure 1A. The crude 
product of CARf was obtained as orange solids and utilized as a coating material for coating 
the surface of the SPIONs without further purification, as both molecules had similar high 
polarities, leading to purifying difficulty. However, the crude product of CARf was 
investigated by HPLC and mass spectroscopy (Figures 1B and C). HPLC chromatogram 
showed a minor peak of CARf at a retention time of 1.9 minutes and a peak of Rf at a 
retention time of 5.3 minutes. In addition, mass spectrometry showed a peak with the m/z 
value of CARf of 573.1451, matching the calculated value [M] +: 550.1547; calculated value 
[M+Na]+: 573.1445.  
 

 
Figure 1. (A) Synthetic scheme of riboflavin-citrate ester. (B) HPLC chromatography shows 
the peak of CARf ligand and Rf at different retention times. (C) Mass spectrum of the CARf 

ligand with a peak with the m/z = 573.1451. 
 
Synthesis and characterizations of the Rf-SPIONs, C-SPIONs, B-SPIONs 
 The magnetic nanoparticles were first synthesized as B-SPIONs using the co-
precipitation method of iron (II) and iron (III) in basic (25% NH4OH) conditions before 
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surface modification with CARf. To compare the role of Rf on the surface of SPIONs, C-
SPIONs were also synthesized as control particles (Figure 2). 

 
Figure 2. Synthetic scheme of Rf-SPIONs and C-SPIONs. 

 
 The hydrodynamic sizes and zeta potential values of obtained SPIONs were 
characterized by dynamic light scattering (DLS). Table 2 shows a DH of B-SPIONs, Rf-
SPIONs, and C-SPIONs approximately 160, 130, and 100 nm with narrow distribution (PdI ≤ 
0.2). Moreover, the zeta potential values of Rf-SPIONs and C-SPIONs were -32 and -35 mV. 
These results indicated that CARf ligands and citric acid were modified on the surface of 
SPIONs, leading to an improvement in the stability of SPIONs compared to their sizes 
without ligands. 
 
Table 2. Sizes and magnetic properties of SPIONs measured at 10 K 

Particle DH 
(nm) 

Polydispersity 
index (PdI) 

Zeta potential 
(mV) 

B-SPIONs 161 0.3 36 ± 3 

Rf-SPIONs 132 0.2 -32 ± 1 

C-SPIONs 108 0.2 -35 ± 1 
 DH: hydrodynamic diameter 
 Ms: saturation magnetization 

 
Study the effect of FBS on the colloidal stability of SPIONs 
 Our group has previously reported that the fetal bovine serum (FBS) could affect the 
colloidal stability of magnetic nanoparticles, resulting in different cellular responses5. To 
study the effect of FBS on the colloidal stability and behaviors of SPIONs in DMEM cell 
culture media before use in cellular studies of SPIONs. The Rf-SPIONs and C-SPIONs were 
dispersed in different concentrations of FBS at 1%, 5%, and 10%. For 10% which is a 
commonly used supplement in DMEM media for cell culture. The hydrodynamic diameter 
(DH) of both SPIONs was measured by using the DLS technique (Figure 3). The results 
showed that Rf-SPIONs had a small aggregation in DI water with a size around 300 nm, and 
tend to strongly aggregate when dispersed in free-serum, 1%, and 5% of FBS. These 
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increased sizes of particles might be due to the partial absorption of serum proteins on the 
surface of particles, leading to enhanced instability of Rf-SPIONs. While, C-SPIONs showed 
good dispersion in DI water, and tended to reduce their size when dispersed in increasing 
FBS, exhibiting that the FBS can prevent the aggregation of the C-SPIONs. This suggested 
that FBS can affect the colloidal stability and behavior of Rf-SPIONs and C-SPIONs 
differently. Interestingly, in 10% FBS, the size of both particles was found to be stable 
around 200 nm, showing the highest stability compared to lower concentrations of FBS and 
DI water. There might have been enough serum that covered the surface and enhanced the 
stability of Rf-SPIONs and C-SPIONs. Therefore, this result showed that both Rf-SPIONs 
and C-SPIONs expressed high stability when dispersed in 10% FBS in DMEM media, and 
can use this concentration to study the uptake of nanoparticles in the cell line.  
 

 
Figure 3. Hydrodynamic diameter of the Rf-SPIONs and C-SPIONs, dispersed in DMEM 

medium supplemented with different concentrations of FBS. 
 

Cellular uptake study of the Rf-SPIONs and C-SPIONs 
 It has been previously reported that the Rf can enhance the cellular uptake of the 
SPIONs as in MCF-7 breast cancer cells7. However, the uptake of the Rf-SPIONs in higher 
aggressive breast cancer cells and more difficult treatment (MDA-MB-231) have not been 
reported. To investigate the uptake of the Rf-SPIONs and C-SPIONs in MDA-MB231 cells, 
the cells were incubated with the Rf-SPIONs and C-SPIONs before analyzing the cellular 
SPIONs uptake using flow cytometry (Figure 4). The results showed significant uptake of 
Rf-SPIONs in breast cancer (MDA-MB231) higher than normal breast (MCF-10A) cells. 
While C-SPIONs did not show different uptake in both cells. These results suggest that the 
Rf-SPIONs can be delivered to breast cancer cells better than normal cells which have the 
potential to be used as a drug delivery system or imaging applications for breast cancer 
treatments. 
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Figure 4. Cellular SPIONs uptake in MDA-MB-231 and MCF-10A cells after incubation 

with Rf-SPIONs and C-SPIONs (100 µg/mL) by relative side scattering signals (SSC), 
quantified by the SSC of the control cells. 

 
Study the effect of different concentrations of RCP on cellular SPIONs uptake mechanisms 
 Riboflavin carrier protein (RCP) has been recognized as a potential biomarker for 
breast cancer patients11-14. Several studies reported that the RCP plays an important role in 
facilitating the cellular uptake of Rf-base nanoparticles in breast cancer cells6, 7, 12. Our 
previous study also showed the binding between Rf-SPIONs and RCP using the Isothermal 
Titration Calorimetry (ITC) technique. Note that this system was studied in the presence of 
SPIONs and RCP only, which suggested that the uptake of the Rf-SPIONs occurs through the 
binding with RCP7. Therefore, to study the effect of on cellular uptake of Rf-SPIONs. The 
cells were incubated with different concentrations of RCP at 0, 50, and 100 ug/mL before 
being treated with Rf-SPIONs and analyzed by flow cytometry. 
 The result showed a significant decrease in the Rf-SPIONs uptake in MDA-MB-231 
cells with increasing the RCP concentration (Figure 5). In this experiment, Rf-SPIONs were 
incubated with RCP in DMEM media, which have various types of biomolecules and serum 
proteins. Therefore, these proteins also can bind to the surface of SPIONs, leading to less 
interaction of RCP with Rf-SPIONs, and decreasing the uptake even though the RCP 
concentration was increased. On the other hand, it has been recently shown by proteomic 
analysis that upon the addition of RCP in the presence of serum proteins, the RCP binds to 
the Rf-SPIONs less than the C-SPIONs. The less interaction of RCP to the Rf-SPIONs was 
further described by molecular dynamic simulation that the Rf binding site partially interacts 
with SPIONs surface, leading to the restriction of binding site exposure, and less binding of 
RCP to the Rf-SPIONs. Therefore, the results of this study together with the previous reports 
by our group suggested that RCP does not play a role in the Rf-SPIONs uptake.  
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Figure 5. Relative side scattering signals of MDA-MB-231 cells after being treated with the 

Rf-SPIONs at 37°C for 4h under different RCP concentrations. 
 

Conclusion: 
 Rf-SPIONs and C-SPIONs were successfully synthesized by a co-precipitation 
method. Characterization of the SPIONs showed that the Rf-SPIONs appeared as clusters of 
multicore SPIONs with a core size of approximately 10 nm. The negative zeta values of both 
Rf-SPIONs and C-SPIONs demonstrated that CARf and citric acid were suitable stabilizers 
for modification on the surface of the SPIONs. Colloidal stability experiments showed that 
the Rf-SPIONs and C-SPIONS had the highest stability when dispersed in DMEM cell 
culture media, supplemented with 10% of FBS, which is a normal concentration for cell 
culture media. The cellular uptake study showed that Rf can increase the uptake of SPIONs in 
breast cancer more than normal cells. RCP does not play a role in the cellular uptake of Rf-
SPIONs. However, other mechanisms have been proposed and are currently being studied to 
understand the exact uptake mechanism for further development and utilization of Rf-
SPIONs in breast cancer treatments. 
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Abstract:  

SARS-CoV-2, a causative agent of COVID-19, instigated a global pandemic of 2020. 
The virus exhibits rapid mutations, notably in the NTD and RBD within the S protein, 
leading to increased transmission rates and diminished vaccine efficacy. The emergence of 
the Omicron variant, designated as a Variant of Concern (VOC), and the XBB.1.5 subvariant, 
designated as a Variant of Interest (VOI), raises significant concerns. Understanding the 
antibody binding and neutralizing ability specific to NTD and RBD protein is important to 
understand the vaccine efficacy. To develop antibody characterization methods, effective 
protein production is needed. This study aims to optimize the expression of SARS-CoV-2 
Wuhan and XBB.1.5 NTD and RBD proteins using E. coli BL21(DE3). The DNA sequences 
of the proteins were verified through NCBI Virus. Various optimization conditions were used 
for Wuhan NTD protein expression including IPTG concentrations (0.1, 0.5, 1.0, 3.0 mM), 
induction temperatures (25°C, 37°C), and durations (2, 3, 4, 6 hours). The optimized 
condition for Wuhan NTD expression was identified as 3.0 mM IPTG at 37°C for 6 hours, 
and the XBB.1.5 NTD protein was successfully expressed under these conditions. Wuhan and 
XBB.1.5 RBD protein expression were induced using 0.1 mM IPTG at 37°C for 2 hours. 
Western blot result revealed that most of the expressed proteins were presented in an 
insoluble form which unrelated from total hydrophobic cluster area of each protein. This 
study underscores the successful expression of NTD and RBD proteins, crucial for advancing 
methods to characterize antibodies. 
 
Introduction:  
 SARS-CoV-2 or severe acute respiratory syndrome type 2 causes Coronavirus Disease of 
2019 (COVID-19) which is a big outbreak pandemic in 2020 and its effects humans in terms 
of lifestyle, finances, and especially healthcare. SARS-CoV-2 is a positive single-stranded 
RNA virus that compose of Spike protein (S), Envelope protein (E), Membrane protein (M) 
and Nucleocapsid (NCP or N). The S protein is a crucial component of the virus responsible 
for facilitating viral replication, leading to infection in the host especially by viral entry. 
There are 2 subunit which is S1 and S2 subunit. S1 subunit compose of 2 proteins: N-terminal 
domain (NTD) and Receptor binding domain (RBD). NTD plays role in proteolytic 
activation1. RBD is responsible for binding to the Angiotensin-converting enzyme 2 (ACE2) 
host receptor enabling viral endosomal entry. The S2 subunit consists of the Stem Helix 
region (SH) and Fusion Peptide region (FP), which are involved in proteolytic activation, 
enabling the virus to release its viral genome into the host. 2,3  
 Since the outbreak began in 2019, SARS-CoV-2 has spread widely, leading to the 
emergence of Variant of Concerns (VOCs) including Alpha, Beta, Gamma, Delta, and 
Omicron. Presently, the dominant variant is Omicron.4 The virus has undergone rapid and 
substantial mutations, fostering consistent and widespread transmission. Notably, within the 
Omicron variant, there are 3 notable subvariants; BA.2, BA.4, and BA.5.5  
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 Currently there are many vaccines platform for COVID-19 prevention. To evaluate the 
vaccine efficacy, the study of the binding characteristics and neutralizing activity of 
antibodies from vaccinated individuals are crucial. RBD protein is commonly used due to the 
role in receptor binding. However, the study from Wang et al., epidemic of XBB.1(2022 – 
2023) with BA.2 as its parental strain, they found a reduction in mRNA vaccine efficacy 
when tested against XBB.1. Moreover, key mutation sites were identified in NTD and RBD, 
leading to a decreased binding affinity towards NTD and RBD monoclonal antibodies. 6 

Therefore, the NTD is an intriguing protein to investigate vaccine efficacy.8,9  
 This study aims to optimized conditions for expressing NTD and RBD proteins of 
Wuhan and XBB.1.5 , current variant of interest (VOI)7, in prokaryotic system. The result of 
this study will provide the condition to produce adequate protein quantities for subsequent 
development of technique for vaccine efficacy investigation. 
 
Methodology:  
Gene alignment and synthesis  

To synthesize SARS-CoV-2 NTD and RBD protein, Wuhan whole genome reference 
strain DNA sequences (NC_045512.2) were retrieved from NCBI virus database and aligned 
(Crustal omega; multiple alignment tools) with NTD and RBD protein (YP_009724390.1) 
converted to DNA sequence to retrieved Wuhan NTD and RBD reference DNA sequence. 
XBB.1.5 whole genome sequences of represent 1 to 3 countries of each region that reported 
XBB.1.5 in NCBI Virus collected from December 2022 to June 2023 including USA: New 
York (OR226362.1), Switzerland (OY101484.1), United Kingdom (OY101140.1), Germany 
(OR145099.1), Russia (OR177915.1), France (OQ888915.1), Denmark (OQ288266.1), 
Finland (OQ509907.1), Slovakia (OX464551.1), Japan (BS007352.1), Thailand 
(OR145091.1), Viet Nam (OR048042.1), Pakistan (OR018339.1), Bahrain (OQ871435.1), 
Kuwait (OQ843959.1), India (OQ587573.1), Kenya (OR177993.1), Djibouti (OQ989785.1) 
and South Africa (OQ826160.1). Sequences containing unidentified base in the site of the 
proteins were excluded. After that XBB.1.5 NTD and RBD retrieved sequence were 
translated by ExPASy Translated tools for protein sequence and the protein was confirmed by 
NCBI Blast tools. All DNA sequences were synthesized by U2Bio (Korea) with by 5’BamHI 
(FastDigest™,Thermo, U.S.) 3’ end 6-His and NotI (FastDigest™, Thermo, U.S.) and cloned 
into pET28a (+) as an expression vector with codon optimization. 10  
Protein expression and optimization 
 To express SARS-CoV-2 RBD and NTD, Wuhan and XBB.1.5 RBD and NTD in 
pET28a (+) plasmids were transformed into Escherichia Coli (E. Coli) BL21(DE3) using 
Heat-shock methods. The transformed E. coli BL21(DE3) was subsequently plated onto LB 
agar supplemented with 100 ug/mL Kanamycin and incubated overnight at 37°C. Single 
colonies were then selected and cultured in 5 mL LB broth, incubated for 16–18 hours at 
37°C, 250 rpm. A 1% overnight culture was utilized as a starter culture in LB broth with 100 
ug/mL Kanamycin and cultivated until the OD600 reached around 0.5–0.8 (108 cell/mL). 
Samples were collected to as 'non-induced cells’, the RBD expression was induced using 0.1 
mM Isopropyl β-D-1-thiogalactopyranoside (IPTG) for 2 hours at 37°C, following 
Tantiwiwat  et al. method.13 While NTD expression was optimized by induced with varying 
IPTG concentrations (0.1, 0.5, 1.0, 3.0 mM) at temperatures of 25°C and 37°C for 2–6 hours, 
250 rpm. The induced and non-induced cells were further evaluated for protein expression 
quality using Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE).10 
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Detection of protein expression property 
 To detect SARS-CoV-2 proteins property that expressed in a E. coli, the induced cells 
were resuspended in phosphate-buffered saline (PBS) without detergent, followed by cell 
lysis via sonication after three cycles of freeze-thawing, the lysed mixture were centrifuged at 
10,000 rpm, 4 °C 30 minutes, supernatant were collected as ‘Soluble form protein’. After 
obtaining the pellet, it was washed twice using Tris-EDTA buffer (pH 8.0), and then 
centrifuged at 10,000 rpm, 4°C for 30 minutes. After discarding the supernatant, the pellet 
was resuspended in denatured buffer (2% SDS in PBS) to unfold the proteins, followed by 
centrifugation at 10,000 rpm, 4°C for 30 minutes. The resulting supernatant was stored as the 
'Insoluble form protein'. 14 Soluble and Insoluble form of the proteins were further detected 
by directed western blotting analysis. Total hydrophobic cluster area of each protein was 
investigated by ProteinTools.15 
Protein Evaluation by SDS and Western blotting 
 For SDS-PAGE analysis, each protein sample, including non-induced cell, induced 
cell, soluble protein, and insoluble protein, were loaded onto the gel. The stacking gel (5% 
poly acrylamide gel with SDS) ran at 80 volts for 30 minutes, following which the separating 
gel (12.5% polyacrylamide gel with SDS) ran at 120 volts until the marker band stands at the 
end of the gel. The induced and non-induced proteins were visualized using SDS-PAGE after 
stained with staining buffer (Coomassie Brilliant Blue-R 250, 40% methanol) and 
subsequently destained by using destain buffer (50% methanol, 10% acetic acid). The SDS-
polyacrylamide gel containing soluble and insoluble proteins was immersed in Towbin 
transfer buffer and transferred onto a nitrocellulose membrane at 15 volts for 1 hour. 
Subsequently, the membrane, already featuring SARS-CoV-2 RBD and NTD, was rinsed 
with deionized water (DI water) and then soaked in blocking buffer (5% skim milk in PBS) at 
4 °C overnight. Following this, the membrane underwent three washes with PBST (0.05% 
Tween 20 in PBS) and was incubated with HRP anti-His Tag Antibody (Biolegend, USA) 
at room temperature for 1 hour, and then washed membrane 6 times with PBST followed by 
HRP substrate (PierceTMECL Western Blotting Substrate). The result will be observed under 
Chemiluminescence. 10,14 

 
Results and Discussion:  
Alignment and synthesis of SARS-CoV-2 Wuhan and XBB.1.5 NTD and RBD 
 SARS-CoV-2 Wuhan NTD and RBD from NC_045512.2 is 876 base pair (bp) 292 
amino acid residues and Wuhan RBD is 669 bp 223 amino acid residues. These 2 sequences 
were used as a reference for aligned with XBB.1.5 NTD and RBD sequences retrieved from 
data base. The result showed that XBB.1.5 genome sequence from Kenya and Pakistan 
presented N base (Low quality to identify base)16 at the site of NTD and RBD sequence 
caused alignment hindrance, therefor they were excluded from the alignment. After 
alignment XBB.1.5 from Thailand were used because it showed the most represent sequence 
among selected countries. XBB.1.5 NTD is 864 bp 288 amino acid residues and RBD is 669 
bp 223 amino acid residues. After confirmed by NCBI protein blast, the XBB.1.5 NTD and 
RBD sequence from Thai strain were 100% identify with WLS56688 XBB.1.5 surface 
glycoprotein protein of Thai strain (Figure 1). The sequences with extra 30 bases (ATG - 
NTD/RBD -SalI- 6His – TGA) were sent for gene synthesis, therefore the length of target 
genes was extended to 906 bp for Wuhan NTD, 894 bp for XBB.1.5 NTD and 699 bp for 
Wuhan and XBB.1.5 RBD. The DNA mapping from sequence after synthesized showed in 
Figure 2. 
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Figure 1.  The confirmation of XBB.1.5 NTD and RBD 

Left panels display the specific sequence information, while the right panels illustrate 
the alignment of these sequences with the subject sequences. 

 

 
Figure 2.  DNA mapping of Wuhan and XBB.1.5 NTD and RBD in pET28a (+) 
Panel (A) displays the DNA mapping of Wuhan NTD (top in orange) and RBD 

(bottom in blue), while Panel (B) exhibits the DNA mapping of XBB.1.5 NTD (top in 
orange) and RBD (bottom in blue). The 6-His tag site is indicated in purple at the 3’ end of 
the sequences. This figure created by SnapGene® software (from Dotmatics; available at 
snapgene.com). 

 
SARS-CoV-2 Wuhan and XBB.1.5 NTD and RBD Successfully expressed in E. coli BL21 
(DE3)  

SARS-CoV-2 Wuhan NTD were expressed in varying IPTG concentration, inducing 
time and temperature. The result showed that E. coli that induce expression in 37 °C can 
produce the protein better than 25°C. At the same temperature and times of expression, E. 
coli that induced by 1.0 mM IPTG gave the most expressed protein than 0.1 mM and 0.5mM 
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IPTG, respectively. When increased inducing time resulted in higher expression of the 
protein because of increasing of replication cycle. Interestingly Wuhan NTD optimization 
revealed distinctive protein expression dynamics, early induction (2 hours) favored higher 
expression at 0.1 mM IPTG, While the longer induction time; more than 2 hours, where 0.5 
mM IPTG induced superior expression (Figure 3A). Wuhan RBD were expressed in 37 °C, 
0.1 mM IPTG with 2 hours inducing times can produce a mass of protein (Figure 3B) as well 
as XBB.1.5 RBD (Figure 3C right). XBB.1.5 NTD were expressed following the optimal 
condition of Wuhan NTD in 37 °C, 3.0 mM IPTG with 6 hours inducing time (Figure 3C 
left).  
 

 
Figure 3. SDS-PAGE Analysis of Protein Expression Optimization 

The SDS-PAGE gel displays the results of Wuhan NTD optimization (A), Wuhan 
RBD expression (B), and XBB.1.5 NTD and RBD expression (C). In Panel A, lanes 1, 10, 
and 14 represent non-induced conditions, while lanes 2-6, 7-9, 11-13, 15, and 16 represent 
induced under various conditions. Panel B represent lanes 2 and 4 as non-induced and lanes 1 
and 3 as induced expression. For XBB.1.5 NTD (C, left) and RBD (C, right), lanes 1 and 3 
represent to non-induced conditions, while lanes 2, 4, and 5 represent induced conditions. 
The NTD (37 kDa) and RBD (26 kDa) bands are indicated with arrows for clarity. 
 
SARS-CoV-2 Wuhan and XBB.1.5 NTD and RBD Property 
 After collected each protein in both soluble and insoluble form, the result showed that 
all proteins presented mainly in insoluble form as shown in Figure 4. To understand the 
solubilization property, total hydrophobic area (THCA) of each protein were identified. The 
result showed that NTD protein presented higher THCA than RBD protein. Wuhan NTD and 
RBD presented THCA as 4,270.60 A2 and 2196.58 A2, respectively. XBB.1.5 NTD and RBD 
had THCA as 4,606.58 A2 and 2,480.91 A2, respectively (Figure 5). XBB.1.5 NTD and RBD 
showed higher THCA comparing to Wuhan suggesting that XBB.1.5 had more potential to 
insoluble than Wuhan. However, Western blotting result from Figure 4 did not show 
difference result between Wuhan and XBB.1.5 proteins. In addition, the core hydrophobic 
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cluster positions of each protein were identified, the result showed that Wuhan and XBB.1.5 
NTD core hydrophobic cluster located in the surface area with same residue number and one 
difference hydrophobic contact. Moreover, the expression of nonnative bacterial protein with 
induce overexpression condition can cause insoluble form protein.17 To identify the protein 
solubility property, there are many factors  including THCA, core hydrophobic cluster 
position and heterogenous expression should be considered.  
 

 
 

Figure 4. The Detection of Proteins Property. 
SARS-CoV-2 Wuhan and XBB.1.5 NTD and RBD protein property. Western blotting 

results were assessed using anti-histidine HRP. Lanes designated as 'Ins' indicate the 
insoluble form, while 'Sol' signifies the soluble form of the proteins. The NTD (37 kDa) and 
RBD (26 kDa) bands are indicated with arrows for clarity. 

 

 
Figure 5.  Protein Total hydrophobic Cluster Area.  

This figure displays the protein structures of SARS-CoV-2 Wuhan NTD (A), RBD 
(B), XBB.1.5 NTD (C), and RBD (D). White ribbons represent the protein structure, while 
colored ball-and-stick models represent each hydrophobic cluster area. The right-hand side of 
each panel highlights the largest cluster (green), with detailed descriptions provided within 
the figure. 
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Conclusion:  
 SARS-CoV-2 Wuhan and XBB.1.5 NTD and RBD have been successfully expressed 
in E. coli BL21 (DE3). Optimal condition for NTD protein expression is 3.0 mM IPTG, 6 
hours induction time in 37 °C. However, despite successful expression, most of the proteins 
were insoluble which may be due to protein structure with THCA, core hydrophobic cluster 
on their surface and the high expression level of heterogenous expression in E. coli. Although 
there is potential to express soluble form proteins at lower expression levels, the challenge 
lies in utilizing the insoluble proteins obtained in sufficient quantities for further use. 
Addressing this challenge requires exploring optimal denaturant conditions and refolding 
protocols to facilitate the purification and refolding of these proteins.  
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Abstract:  
Courtship behaviors in snakes have long been a fascination for scientists, from male-to-male 
combat in the iconic king cobra to multi-male courtship observed in Burmese python. This 
work is the first to document multi-male mating behavior of Chrysopelea ornata on the islands 
of Pha-ngan and Samui in Surat Thani Province of Southern peninsular Thailand. Between 
2021 and 2023, we saw two multi-male (4 and 5) mating occasions from 18 rescue calls and 
15 opportunistic sightings in Pha-ngan island. Additionally, we had 11 multiple males (up to 
16) mating observation records spanning the course of 10 years between 2013 through 2023 in 
Samui island. Interestingly, we did not see this snake species at all during our field survey for 
the past 3 years. All mating observations came from rescue calls and all other single snake 
sightings came from opportunistic encounters between the two islands. In summary, 13 
observations of multiple males pursuing and entangled with one female of C. ornata have been 
recorded adding to the collective material for a better understanding of multi-male mating in 
snakes. 
 
Introduction: 

The intricate dance of courtship in snakes, spanning the dramatic male combat in the 
king cobra to the multi-male engagements of the Burmese python, has captivated scientists for 
years1. Notable behaviors such as male combat have garnered attention due to their frequent 
observation in species like the infamous king cobra (Ophiophagus hannah) and the radiated rat 
snake (Coelognathus radiatus); however, other strategies remain understudied2. Among these 
lesser-explored strategies are multi-male courtship behaviors, akin to communal mating, and 
the intriguing phenomenon of "scramble polygyny." Though the paradise flying snake 
(Chrysopelea paradisi) has been noted to engage in multi-male courtship2, assumptions about 
similar behavior in its relative, Chrysopelea ornata – the ornate flying snake, have not been 
critically assessed3.  

Multi-male courtship behavior is the act of multiple males actively pursuing a single 
female2. This can occasionally result in a mating ball and has been documented in such species 
as red-sided garter snake (Thamnophis sirtalis parietalis )3, whereas Burmese python (Python 
molurus bivittatus) engages in copulation with multiple males often culminating in multiple 
genetic lines in one clutch4. The overarching goal is the same as all other mating strategies, 
which is genetic continuation2. Often when males exceed females in size, there is competition 
for the female resulting in male combat as observed in the courtship behavior of Australian 
python (Morelia spilota)5,6. Alternatively when males are smaller than the female, the males 
converge together with one female resulting in a mating ball, all vying for a chance to mate. 
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With grass snake (Natrix natrix), a species with similar mating behavior, it has been shown 
that the size of the male may make a significant difference in the snake’s chance for 
copulation7, though no significant data have been shown for C. ornata due to the arboreal 
nature of the snake and its elusive behavior in the wild.  

Chrysopelea ornata boasts a vast distribution, spanning India to Hong Kong, with a 
strong presence throughout Thailand.8 While its aerial abilities have been researched, wild 
mating behaviors remain ambiguous. The species is listed as least concern on the International 
Union for Conservation of Nature (IUCN) Red List of threatened species8. and seems to thrive 
in both forested and human-dominated landscape. As an arboreal snake, it is adept at climbing 
and spends most of its time high in trees. It is also a diurnal snake actively hunting a variety of 
prey items such as frogs and lizards during the day.  

The multi-male reproductive strategy might bolster genetic diversity in confined 
habitats, providing males a competitive edge in gene propagation while allowing females some 
selectivity.1,9 The current data for such strategy is limited to a few wild observations and 
multiple controlled simulations underscoring the evolutionary benefits of this strategy for 
various species. With the goal of gaining a better understanding of the benefits this approach 
has for the different species that utilize this reproductive strategy, the objective of this study 
was to report the reproductive strategy of Chrysopelea ornate during our herpetofauna surveys 
in Pha-ngan and Samui islands, Surat Thani province, southern peninsular Thailand. We 
documented the multi-male courtship behavior of C. ornata for the first time. This work seeks 
to bridge the knowledge gap enriching our understanding of the diverse mating strategies 
employed by the Colubrid family, which, despite its vastness, remains enigmatic in many 
respects.10 
 
Methodology: 
 From November 2021 to September 2023, snake data on Samui and Pha-ngan islands 
were collected through opportunistic sightings, foot surveys, and rescue calls, with a focus on 
Pha-ngan island. Teams of up to seven individuals conducted approximately two surveys per 
week, resulting in a total of 78 visual surveys and 1,343 hours of observation. These surveys 
primarily occurred at night in national park forest, human-disturbed forest (fragmented 
landscapes), and human settlement. We employed 32 transects of varying lengths, adapted to 
the terrain, to document the herpetofauna of both islands. Transect locations were selected 
based on terrain, water proximity, and habitat types, which included single-line footpaths, dirt 
roads, paved roads, and streambeds. Torches facilitated the spotting of sleeping diurnal snakes 
and active or resting nocturnal snakes. Upon sighting, we captured a photograph and recorded 
geographic coordinates. 

In addition to the foot surveys, rescue services were offered to both residents and 
visitors to mitigate snake-human conflicts. We promoted our services through social media, 
stickers, and pamphlets, encouraging people to call us instead of harming the snakes. If a 
resident—local or visitor—was uncomfortable with the presence of a snake or intended to harm 
it, we conducted a rescue. Conversely, if a resident—local or foreign—was comfortable with 
a non-threatening snake, it was allowed to move on independently, and coordinates were 
recorded. Rescued snakes were taken to our field lab for morphometric data collection and 
released near the capture point within 24 hours; however, immediate release occurred if no data 
were needed. 

Geographic coordinates were also recorded for all snakes encountered, whether seen 
opportunistically, during surveys, or through rescues. While the primary goal of the surveys 
was to document island herpetofauna, morphometric data collection was aimed to discern 
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similarities or differences between island and mainland snake populations. Notably, during our 
research, we documented opportunistic sightings of the ornate flying snake, including 
photographs and locations. All data from Pha-ngan island originated from opportunistic 
sightings or rescue calls, whereas data from Samui island were exclusively from rescue calls. 
 
Results:  
Geographical Distribution of Mating Observations: 
 The ornate flying snake is distributed throughout each island and across all habitats. 
During concurrent research, the snake was encountered opportunistically and through rescue 
calls. Opportunistic encounters were often on roads or dirt tracks between forest patches; 
however, the majority were observed in or around human settlement. On Samui island, 11 
instances of mating behavior were observed in response to snake rescue calls (Fig. 1A). While 
Pha-ngan island had a total of 18 rescue calls, and 15 opportunistic encounters with two 
instances of mating behavior (Fig. 1B). Mating behavior was predominately observed in 
manmade structures, despite proximity to forested areas.  
 

     
 

Figure 1.  
Distribution of Chrysopelea ornata mating behavior observations (pink), and rescues and 

opportunistic sightings (blue) on Samui island (A) and Pha-ngan island (B). 
 
Observation Summary: 

From 13 mating occasions, two observations were made on Pha-ngan island and 11 on 
Samui island (Table 1). Of the 13 instances reported, 11 showcased multiple males with a single 
female. The remaining two incidents, both situated in human settlements, had pairs: one male 
and one female, intertwined; however, not engaged in copulation.  
 
The multi-male mating accounts are described as follows: 

1. On 19, January 2013, a group of snakes in roof tiles were observed in Talagnam area 
of Samui. Due to the elevation and setting of the home, the snakes were not reachable, and the 
homeowner allowed them to continue and move off on their own. 

 2. On March 22, 2015, in the Lamai district of Samui, the team was dispatched to a 
carwash. There, a staggering sixteen males and one female were safely extracted from the 
bamboo roof. 
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Table 1.  
Numbers of snakes observed at each rescue or observation. 
 

Date # of Male Location Area  
19.01.2013 *Observed ball Roof tiles Talagnam, Samui  
22.03.2015 16 Bamboo roof Lamai, Samui  
05.07.2015 5 Roof tiles Lamai, Samui  
26.05.2015 1 Roof tiles Chewang, Samui  
07.03.2015 1 Roof tiles Bangkao, Samui  
08.02.2016 4 Inside a gate Chewang, Samui  
09.02.2016 *Observed ball Roof tiles Chewang, Samui  
12.06.2016 5 Bathroom Mai Nam, Samui  
xx.03.2019 9 Recessed ceiling lighting fixture Lamai, Samui  
05.03.2020 3 Roof tiles Chewang, Samui  
13.01.2021 5 Bamboo balcony railing Baan Nai Suan, Pha-ngan  
08.02.2022 4 Roof tiles Sritanu, Pha-ngan  
03.07.2023 4 Roof tiles Chewang, Samui  

 
 3. The 26th of May 2015 yielded five male and a female for the roof tiles of a residence 

in the Chewang area on Samui. 
 4. Similarly, on July 5, 2015, in another populated area (Lamai), five males and one 

female were found clustered. They were subsequently relocated as per the homeowner's 
request. 

 5. February 8, 2016, in the Bankao area of Samui, the team removed four males and 
one female from within a property gate. 

 6. On 9 February 2016, in a wood yard's roof area in Chewang, the team approached a 
mating ball. But as they neared, the snakes scattered and could not be caught for relocation. 

 7. June 12, 2016, yielded yet another incident, where 5 males and one female were 
recovered from a bathroom in Mai Nam. 

 8. The first such observation on Pha-ngan (Baan Nai Suan) was reported by a 
homeowner on 13, January 2021, wherein a female intertwined with four males was observed 
moving in unison along a bamboo balcony railing. Unfortunately, by the time the authors 
arrived, the snakes had dispersed. The image provided by the homeowner was carefully 
analyzed, and the female was determined based on her size relative to the males. 

 9. The subsequent observation on Pha-ngan was on 8 February 2022. A resident of Pha-
ngan (Sritanu area) reported a cluster of C. ornata on his property. He observed the cluster 
originally on his fence moving towards his house. Our team was called because the 
homeowners were frightened and wanted the snakes removed. Upon our arrival the snakes had 
moved into the roof tiles (Fig. 2.). During the removal of the snakes from the rooftiles, an 
additional male was on a nearby property gate approximately eight meters from the house. This 
event resulted in the collection of six snakes, with a similar configuration as previously 
observed: one large female and multiple with a similar configuration as previously observed: 
one large female and multiple males intertwined in a ball-like shape between rooftiles. 
 10. In another incident occurring in March 2019 within the Lamai district, homeowners 
expressed deep concern upon spotting multiple snakes in the lighting fixture of a suspended 
ceiling, especially since there was a baby in the adjacent room. A total of nine males and one 
female were discovered, intertwined in a distinct ball formation (Fig. 3A). 
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Figure 2.  

Partial visual of Chysopelea ornata in the roof structure before dispersing (A). Small 
face appeared as the snakes dispersed from the initial tangle observed (B). 

 

 
Figure 3.  

A cluster of Chysopelea ornata removed from a recessed light fixture mounted on the 
ceiling of a home on Ko Samui (A). C. ornata observed in roofing tiles (B). 

 
 11. Recently, on July 3, 2023, in the Chewang district of Samui, a similar cluster of 
four males and one female was spotted. However, due to the challenging elevation and the 
homeowner's comfort, they weren't retrieved but were left to move away independently (Fig. 
3B). 

Across our instances, the mating clusters displayed common characteristics, with the 
snakes either moving as an elongated tangle or forming what could be recognized as a mating 
ball, typically associated with multi-male courtship behavior. When moving in an elongated 
manner, males were observed entangled and wrapped around both the female and other males. 
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Curiously, no instances of actual copulation were observed, even when males were visibly 
entangled with females. 
 
Discussion:  

Chrysopelea ornata has been sighted in all habitats throughout Pha-ngan and Samui 
islands. Often, this snake can be observed sleeping in the forest canopy at night throughout 
other areas of Thailand; however, such sightings have never been reported on these islands. All 
observations have been opportunistic or in response to notifications from homeowners, and as 
natural habitat dwindles, the snake is forced to navigate human-created habitats, with limited 
knowledge on how this influences mating behavior. This is especially important in insular areas 
such as Pha-ngan and Samui islands where available habitat is finite. Once natural areas are 
razed and replaced with manmade structures, the snake is forced to adapt to the habitat available 
or perish. 

The mating behavior of this snake in the wild seems to be scarcely documented, with 
our observations possibly marking the first of their kind for this species. Notably, our 
observations occurred exclusively in manmade structures within human habitats, despite 
proximity to forested areas. This may be attributed to the arboreal nature of this snake as this 
behavior has only been previously observed in C. paradisi, a relative arboreal snake of the 
same genus2. Other snake species known to use this mating strategy are ground dwelling or 
aquatic snakes (Laticauda colubrina) 9. The mating behavior of C. ornata contrasts markedly 
with other species such as, Vipera berus, Nerodia sipedon, Morelia spilota, Eunectes murinus, 
Eunectes notaeus, Laticauda colubrina, Elaphe obsolete, Crotalus viridis viridis, Boa 
constrictor, Thamnophis sirtalis sirtalis, Thamnophis butleri, and Thanmnophis sirtalis 
parietalis, known for similar mating strategies9. For instance, multiple males form the T. s. 
parietalis have been documented converging outside a female’s burrow3, a behavior that occurs 
on the ground.  

In addition, Chrysopelea ornata inhabits tropical and semi-tropical habitats while the 
Thamnophis species inhabit North and Central America, where a broader range of temperatures 
influence brumation due to seasonal changes. Although T. s. parietalis and C. ornata are both 
active diurnal, polyandrous mating strategies have also been observed in nocturnal species such 
as Python molurus bivittatus4 and Eunectes murinus9 as well. The so-called mating ball or 
breeding ball is not the only observed multi-male breeding strategy utilized by snakes. On the 
tropical island of Madagascar, a multi-male Dromicodryas bernieri and D. quadrilineatus 
pursuing and entwining a single female were observed, although no mating ball was seen in 
these primarily ground-dwelling diurnal species10. 

Documented occurrences suggest that the mating season for C. ornata varies 
geographically. For example, it extends as late as June in Bangkok, Thailand11, while breeding 
in Surat Thani province occurs from January to April12. Additionally, in Assam, the northern 
region of India, a gravid female was collected at the end of April and placed in quarantine at 
the Assam State Zoo13. While in quarantine, she laid a clutch of eggs on the 4th of May, 
indicating that breeding likely occurred in the previous months. This timing differs from our 
observations on the islands which, ranged from January through July. Such variations in 
observed occurrences may indicate geographical influences on mating behaviors, potentially 
shaped by diverse habitats, weather conditions, or prey availability. 

Proactive night surveys did not yield C. ornata sightings despite the numerous hours 
spent in the forest. The arboreal nature of this snake limits visibility during walking surveys 
due to canopy obstruction, human error, and terrain. This limitation is in stark contrasts with 
the numerous sightings reported by homeowners. Although our efforts in the forest were 
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extensive, the use of rescue calls and third-party observations provided more valuable data. We 
acknowledge that these methods has limitations, potentially skewing the observed mating 
behaviors toward human-dominated landscapes; however, they were the most effective way to 
gather data for this study.  

The overarching narrative of our observations speaks to the evolution of mating 
strategies in response to environmental pressures, ensuring reproductive success. The 
widespread distribution and prevalence of this species warrants further investigation into the 
advantages conferred by their mating behaviors. For instance, in cases of male combat, the 
fittest male generally secures the mating opportunity, heightening its attractiveness and 
ensuring the propagation of its genes. Polyandrous mating may enhance the males’ chance of 
copulation when females are underrepresented in the population. Polygamous strategies of any 
kind amplify copulation chances14, though it remains uncertain whether multiple males 
copulate with a single female in C. ornata. It has been demonstrated that many snakes, 
employing this method of reproduction, show varied paternity within a single clutch9. Genetic 
testing, still unexplored for C. ornata, could provide insights into this query. 
 
Conclusion: 

While Chrysopelea paradisi's mating behavior has been somewhat chronicled, C. 
ornata’s remains unexplored, leaving significant knowledge gaps, especially concerning wild 
individuals2. While various facets of their biology like clutch size, gestational length, ovary 
dimensions, and gliding aptitude have been studied, comprehensive understanding of their 
courtship strategies is still elusive11. Our study documents 13 separate events of multiple males 
intertwining with a lone female in a formation akin to a mating ball. This observation provides 
foundational evidence for C. ornata courtship behavior, fueling hopes for subsequent research. 
To truly comprehend the evolutionary intricacies of their reproductive behaviors, additional 
studies should span across their diverse habitats, and integrate genetic analyses. Our 
observations coupled with anecdotal evidence from the neighboring islands indicate a pattern 
of this snake's mating behavior, particularly within Thailand landscape. This underscores the 
need for more expansive research to delve deeper into their reproductive season and associated 
behaviors.  
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Abstract:  

Rice is a major staple food source for almost half of the world's population and is 
mostly produced by Asian countries. Then, the current farming method has shifted from 
conventional farming using chemical fertilizer to an organic farming system due to consumer 
demand. Rhizosphere soil microbiome has been known for supporting plant growth, yield, 
and survivability towards plant pathogens. Also, its composition is highly affected by the soil 
type, fertilizer treatment, and plant species. Therefore, this research focused on observing the 
fungal composition and their trophic traits on the ‘Pathumthani1’ rice cultivar at the tillering 
growth stage under the treatment of commonly used commercial organic (OF) and chemical 
fertilizer (CF). The tillering stage is one of the crucial stages in rice growth because yield 
production is affected by the amount of tiller produced, while plant healthiness in this stage 
also impacts how much yield is made in the ripening stage. The result showed that CF 
treatment reduced the amount of saprotroph and symbiotroph fungi in this stage but had a 
lower amount of pathotroph fungi than OF treatment. It indicates that OF treatment provides 
a more complex substrate for saprotroph fungi and produces beneficial nutrients for other 
fungi, which might be the reason for higher symbiotroph fungi than CF treatment. Some 
endophytic fungi like Talaromyces purpureogenus, T. verruculosus, and Serendipita indica 
were also found to be more abundant in OF treatment. This research is also the first study on 
the fungal community in the ‘Pathumthani1’ rice cultivar under organic and chemical 
fertilizers. 
 
Introduction:  

Rice is one of the primary staple food sources consumed by almost half of the world's 
population and is mainly produced by Asian countries. Rice production is expected and needs 
to be multiple times higher than the current production yield rate to fulfill the continuous 
growth of the global human population. Thailand is a major contributor to global rice 
production, particularly known for two major fragrant rice varieties, Thai Jasmine Rice (Khao 
Dawk Mali 105) and Pathumthani1 rice. Besides that, Pathumthani1 rice can be produced 
throughout the year due to its insensitivity to light during its reproduction phase, and it is 
quickly grown in irrigated areas.1 

The tillering stage was chosen because it is the crucial stage for rice production due to 
the high nutrient and nitrogen demand for the development of panicles, which directly affects 
the yield result.2 Because more panicles can be produced, more spikelets or grains can be 
obtained from each panicle. Besides that, the seedling and tillering stages are the stages that 
are very prone to pathogens and diseases. This happens because rice has a meager resistance 
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to pathogens at the seedling stage, and the tillering stage, as a recovery stage after the 
disruption of fibrous root during transplantation, may also exhibit more pathogenic fungi.2 

Conventional farming that uses chemical fertilizers and pesticides is less favorable 
nowadays, and farmers have started to move to organic farming methods. The organic 
farming system provides better soil organic matter than conventional farming, providing 
more diverse rhizosphere microbial communities and improving yield.3 However, recent 
research showed that increased soil organic carbon makes the soil and the plants more prone 
to fungal pathogens.4 Furthermore, organic approaches for protecting plants from diseases 
and pests have many approaches depending on the underlying problems, are difficult to 
follow, and, commonly based on trial and error, give farmers less certainty of successful 
treatment.5 Some farmers have difficulties finding the original cause of the disease and 
choosing a suitable treatment. They are concerned about the other remaining pathogens in the 
phytosphere.  

The research on developing automatic diagnostic tools in India detected 15 rice plant 
diseases caused by the fungal attack, 5 diseases caused by bacterial invasion, and 4 diseases 
caused by viral attack.6 The research from Kenya also found the major foliar diseases were 
caused by fungi on the leaves or neck of the plant.7 According to previous research, rice plant 
diseases were caused mainly by fungal infection, resulting in significant damage in their 
ripening stages, which usually reduces rice yield. Besides that, the fungal richness is also 
affected by the fertilizer types. The chemical fertilizer with high nitrogen content is more 
likely to increase the fungal richness than the organic fertilizer.8 Therefore, this research 
focused on observing the differences in fungal microbiomes in the rice plant rhizosphere 
during its tillering growth stage and under the treatment of primarily used commercial 
organic fertilizer and chemical fertilizer. The objectives of this research are (i) to observe the 
different rhizosphere fungal communities in rice under organic and chemical fertilizer 
treatments and (ii) to investigate the trophic mode of the rhizosphere fungal community in 
both treatments. 
 
Methodology:  
Experimental design 

The Pathumthani1 rice (Pathumthani Rice Research Center, Bureau of Rice Research 
and Development, Thailand) plants were grown in black plastic pots (30 cm diameter and 20 
cm height) with 8 kg of brown clay soil (16% sand, 26% silt, 58% clay) and a randomized 
complete block design with four replications. The experiment was done in a greenhouse with 
controlled temperature and humidity at the Department of Botany, Faculty of Science, 
Chulalongkorn University. Organic fertilizer (OF) treatment was applied by adding 
commercial organic fertilizer (Royal Project Organic Fertilizer, composition: leftover 
material from mushroom cultivation (70%), wood chips (20%), cow dung (10%)) 32.5 g per 
pot, which was mixed with the soils 7 days before rice seedling transplantation.  

Then, the chemical fertilizer (CF) treatment was done following the procedure from 
Kananont et al, (2016) by adding the Rabbit brand chemical fertilizer 16-20-0 (registration 
number 698/218 (Department of Agriculture), composition: nitrogen (16%), phosphate 
(P2O5) (20%), potassium oxide (K2O) (0%), calcium oxide (CaO) (2%), sulfur (S) (14%)) at 
20 days after transplant (DAT).1 The addition of nitrogen and phosphorus at this time because 
those nutrients help plants improve the foliar growth and photosynthesis rate, which was 
marked by the early seedling stage.9,10 Next, the rhizosphere soil samples were collected at 
the tillering stage after both treatments reached 100% of the total tillering. 
Sample extraction 
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The rhizosphere soil was extracted by removing the upper plant part and cutting the 
roots and soil formation with a pre-sterilized shovel until it reached the bottom of the pot. 
Then, the roots near the stem's center were cut, and the extra soil not directly attached to the 
roots was removed. Next, the chosen roots were placed into the falcon tubes with buffer 
solutions (130 mM NaCl, 3 mM NaH2PO4, 7 mM Na2HPO4 with the end pH 7.0) and kept 
inside the ice box during transportation to the lab. The falcon tubes with the root samples 
were shaken horizontally by a shaker for 20 minutes at 180 rpm. Then, the samples were 
centrifuged for 20 minutes at 1500 G, and the supernatant and root samples were removed 
from the tubes. The obtained soil samples were kept at -80°C after quick freezing with liquid 
nitrogen. 
DNA extraction and DNA sequencing 

Metagenomic DNA extraction was done at the OMICS Science and Bioinformatics 
Center Laboratory, Chulalongkorn University, following the manufactured standard protocols 
of DNeasy® PowerSoil® Pro Kit (Qiagen). The extraction process was performed using the 
QIAcube Connect machine (Qiagen). Then, a Denovix DS-11 Nanodrop was used to measure 
the final concentration of the obtained DNA samples. The final volume adjustment from 50 
µL to 30 µL during the elution step was made for some samples with a low DNA 
concentration on the first extraction to meet the minimum requirement from the sequencing 
company (DNA concentration > 1 ng/µL). Furthermore, DNA samples were sent to the 
Biomarker Technologies Company Limited (Hong Kong) to be sequenced on the ITS region 
with the P250 protocols by Illumina NovaSeq 6000.  
Bioinformatics and Statistical Data Analysis 

The obtained raw sequence data were processed on quality control and analysis, 
resulting in amplicon sequence variances (ASVs) by using AMPtk: the Amplicon Toolkit for 
NGS data (UFITS) (v1.2.4).11 The resulting ASVs were compared against the UNITE 
taxonomy database (v8.0) with 97% similarity to determine the fungal composition on 
various taxonomic levels.12 The taxonomic composition, alpha diversity, and beta diversity 
were analyzed using phyloseq packages in R (v4.3.2)13 and R studio version 2023.09.1-
494.14,15 Fertilizer treatments were compared using T-test with the ‘t.test’ function in R. 
Then, beta diversity was analyzed using PERMANOVA with the ‘adonis2’ function in the 
‘vegan’ package in R (Bray– Curtis distance for fungi, with permutation = 999).16 The 
FunGuild (v1.1.py) (https://github.com/UMNFuN/FUNGuild) was used to predict the trophic 
modes of ASVs that have been found.17 
 
Results and Discussion:  
Rhizosphere Fungal Taxonomic Composition Analysis 

The taxonomic analysis on the phylum level at the tillering stage showed that the most 
dominant phyla were Ascomycota, Basidiomycota, Chytridiomycota, and Mortierellomycota, 
which commonly inhabit agricultural soil such as rice crop fields (Figure 1A).2,18,19 Some 
members of Ascomycota are known for their ability to degrade cellulose and hemicellulose as 
their carbon source.20 The mutualism between plants and fungi relies on the fixed carbon 
provided by the plant, and fungi will facilitate plant nutrient uptakes, such as inorganic 
phosphate and nitrogen.19 The Mortierellomycota group appeared in the CF treatment but did 
not appear or might appear as a less than 1% group in the organic treatment (Figure 1A). This 
phylum is associated with the nitrate nitrogen abundance in the soil, which might be why 
Mortierellomycota is abundant in chemical treatment.2 Therefore, Mortierellomycota and its 
related genera can potentially become bio-markers for the chemical farming system due to 
the high composition of available nitrogen in chemical fertilizers. 
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A deeper analysis was done at the genus level to investigate which genera were 
abundant from those dominant phyla. The result showed that Aspergillus, Curvularia, 
Talaromyces, Penicillium, Scolecobasidium (belong to Ascomycota), Rhizophlyctis (belongs 
to Chytridiomycota), Inocybe (belongs to Basidiomycota), and Mortierella (belongs to 
Mortierellomycota), were the abundant genera at the tillering stage (Figure 1B). In this 
research, the Aspergillus, Penicillium, and Mortierella genera were more abundant in the CF 
treatment than the OF. These genera can solubilize phosphate and facilitate the soluble 
phosphate from chemical fertilizer to be absorbed by the plant.21 On the other hand, 
Scolecobasidium, which can oxidize inorganic sulfur in soil, was more abundant in the OF 
treatment than in the CF treatment (Figure 1B).21 Then, Talaromyces was found to be slightly 
higher in OF treatment, which could be related to its function to solubilize phosphate. 
Furthermore, Talaromyces can mineralize an organic phosphate from non-phosphorous 
sources, supporting plant growth in low phosphate conditions.22 Talaromyces are also found 
to be endophytic-rhizospheric fungi that can travel from rhizosphere soil into root cells and 
move to other plant parts.23 The available sulfur in soil will interact with phosphate ions to 
create a stronger bond than sulfate. This sulfur-phosphate bond will improve phosphate 
uptake by the plant and increase yield production.24 Both phosphate and sulfur are essential in 
photosynthetic organisms and needed in high amounts, provided by the abundance of 
Talaromyces and Scolecobasidium in OF treatment that is low on available phosphate for the 
plant.   

Besides that, the Curvularia genus is also known to be plant-pathogenic fungi that 
mainly cause a blight spot disease in the leaf25,26, stem27, and seed.28 C. intermedia and C. 
lunata were present in less than 1% abundance of detected species (the data is not shown). In 
previous research, C. intermedia has been shown to have the ability to generate curvularin 
and dehydrocurvularin as phytotoxic compounds for seed germination and leaves, which 
caused the leaves to be brownish, dry, and brittle.29 However, combining Bacillus 
thuringiensis and C. intermedia provides symbiotic mutualisms with Hymenaea courbaril 
(neotropical fruit tree) to water restriction as an adaptation to dry soils.30 According to the 
taxonomic composition on genus level (Figure 1B), the plant in OF treatment has a higher 
possibility of developing the spot disease on the foliar because of the abundant Curvularia in 
the tiller developmental stage. However, its phytopathogenic profile is opportunistic between 
each species of Curvularia and the associated plants, and C. lunata was found to be helpful in 
phosphate solubilization.21,31 

The obtained list of abundant genera (Figure 1B) was further analyzed for the species 
belonging to these genera. The result has shown that Penicillium nalgiovense, P. oxalicum, 
Rhizophlyctis rosea, Talaromyces purpureogenus, and T. verruculosus were more abundant 
than other species in mentioned genera at the tillering stage (Figure 2). The P. nalgiovense 
was more abundantly present in the CF treatment than in the OF treatment, and the P. 
oxalicum was slightly higher in the CF treatment. The Penicillium genus is often known for 
its ability to produce various bioactive compounds that act as antimicrobial, antifungal, and 
insecticidal.32–34 In agricultural practice, P. nalgiovence can produce an antifungal protein 
that is 100% identical to P. chrysogenum antifungal protein (PAF), which induces the 
formation of intracellular reactive oxygen species (ROS) and activates the programmed cell 
death (PCD) to the sensitive fungal genera such as Mortierella, Rhizopus, Aspergillus, 
Botrytis, Fusarium, Trichoderma, and Microsporum.32 Chemical fertilizers provide free-form 
nutrients like nitrogen that can be used directly for the fungi to support their growth, and the 
excess available nutrients can induce the expression of PAF.35  

167



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

Then, Rhizophlyctis rosea, a zoosporic fungi that belongs to Chytridiomycota, is 
commonly found in cropping rather than natural soils. This indicates that this genus can 
constantly adapt to the environmental stressors, wide-range temperatures, and the dynamics 
of cultivated plants.36 The fungi in this phylum are also grouped as aquatic fungi commonly 
found in well-irrigated rice fields.37 Besides that, R. rosea is known for its cellulolytic and 
hemicellulolytic abilities, which are important to degrade plant debris high on cellulose and 
hemicellulose and provide extra soil nutrients.36,38 
 

 
            A                 B 

Figure 1. Taxonomic bar plots are based on treatment conditions in the phylum level (A) and the genus level 
(B). 

 

 
Figure 2. The species level of more than 1% abundance’s genus at the tillering stage 
 

Rhizosphere Fungal Diversity and Richness Analysis 
According to the different patterns shown in the taxonomic composition, further 

analysis was performed using alpha- and beta-diversity analysis to investigate whether both 
fertilizer treatments significantly affect the rhizosphere fungal community. Beta-diversity 
results showed a significant difference (PERMANOVA, p = 0.049) (Figure 3A) in the fungal 
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compositions between OF and CF treatments. Furthermore, the alpha-diversity results 
showed no significant difference in the abundance of those prevalent genera between both 
treatments (Figure 1B). In contrast, other non-dominant fungal genera showed a significantly 
different result on the alpha diversity. Those fungal genera with significant differences in 
applied fertilizer treatments included Geomyces, Iodophanus, Kodamaea, Olpidium, 
Paraphoma, and Serendipita. One of the genera that showed significant differences was 
Serendipita (Figure 3B). Species richness is significantly less in CF than in OR treatments 
(T-test, p = 0.01), and according to the detected ASVs, Serendipita indica was found to be the 
species that belongs to this genus. Other than that, the Geomyces genus is only found in OF 
treatment (data not shown), which is matched to its trophic mode as saprophytic fungi 
degrading organic matter in organic fertilizer.39 

The S. indica species has been known as an endophytic-fungi that lives within the 
plant cell, especially the roots area, and provides a beneficial symbiotic relationship with the 
plant. S. indica plays a crucial role in improving nutrient uptake, maintaining ionic 
homeostasis, ROS scavenging, and modulating Fe homeostasis to prevent heavy metals like 
arsenic from reaching the plant shoot and grains.40–42 Besides that, S. indica also helps to 
protect the plant from diseases like rice blast disease by producing fungal chitinase that 
inhibits the conidial germination of pathogenic fungal.43 This species can also improve rice 
growth and crop yield by the synergistic mechanisms with other bacteria species, like 
nitrogen-fixing bacteria Azotobacter vinelandii44 and actinobacterium Zhihengliuella sp. 
ISTPL4.45 The OF treatment was found to be able to increase the abundance of S. indica 
compared to CF treatment, which can be caused by the better nutrient availability in the 
suitable form for the fungi rather than the easy-uptake form for the plants like in the chemical 
fertilizer. 

 

 
   A           B 

Figure 3. The result of fungal beta-diversity at the tillering stage (A) and alpha-diversity on the Serendipita 
genus at the tillering stage (B). 

 
Rhizosphere Fungal Trophic Mode Analysis 

The detected ASVs were then subjected to the FUNGuild analysis to explore their 
trophic mode as part of the rhizosphere fungal community. The result showed that OF 
treatment has a greater abundance of pathotroph or potentially pathogenic fungi than CF 
treatment. However, OF treatment exhibits more saprotroph and symbiotroph fungi than CF 
(Figure 4). This result matches the previous research, which found that a higher composition 
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of soil organic matter (SOM) using organic fertilizer possessed more pathogenic fungi than 
lower SOM using chemical fertilizer.3 Our results at the tillering stage showed the highest 
abundance of fungi that were related to plant pathogen, which is similar to previous research 
and will then change at heading and ripening stages as the saprotroph and symbiotroph 
increase in abundance and significantly reduce in pathotroph.2  

The fungal phylum (Figure 1A) showed some fungal phyla that belong to the category 
of saprotroph due to their ability to degrade organic matter into simpler substrates for other 
microbes, such as Ascomycota, Chytridiomycota and Mortierellomycota. The existing genera, 
including Mortierella, Penicillium, and Rhizophlyctis, are examples of fungi under saprotroph 
trophic mode.2,46 This explains the abundance of saprotroph fungal in OF treatment, which 
consists of hard cellulose, hemicellulose, and lignin material in organic fertilizer. Example of 
a symbiotroph fungal is Serendipita indica, Talaromyces purpureogenus, and T. 
verruculosus, which lives as an endomycorrhizal inside the plant root cells.23,41,47 Another 
example is fungi from the genus Inocybe, such as Inocybe curvipes that was found in the 
ASVs and play a key role as an ectomycorrhizal that lives in the rhizosphere area to help 
provide essential nutrients to the plant.48 

Each ASVs, categorized into pathotroph, saprotroph, and symbiotroph, was also 
checked for the probability of having mixed traits between each trophic mode. The results are 
another category that combines each trait, such as pathotroph-saprotroph, pathotroph-
saprotroph-symbiotroph, pathotroph-symbiotroph, and saprotroph-symbiotroph (Figure 4). 
According to this result, the organic farming system needs to be improved to minimize the 
number of pathotrophs in the tillering stage. This can enhance the possibility of plants 
growing faster and improve yield production. The abundance of pathotrophs, saprotrophs, 
and symbiotrophs was not much different, which indicates the high possibility of a turning 
point between each abundance on the next plant growth stage. However, some adjustments 
can be made initially, such as sorting the seeds free from diseases and applying bio-stimulator 
treatment to the rice seeds. Using plant bio-stimulator compounds in plant seeds can protect 
the seeds from various pathogenic fungi, induce early germination, and improve plant 
growth.49 Therefore, the pathotroph fungi can be reduced from the seedling stage and 
maintained low at the tillering stage by inducing saprotroph and symbiotroph fungi to grow. 

Although the pathotroph was abundant in OF treatment at the early stages, organic 
fertilizer usage is still better than chemical fertilizer because it improves the presence of 
symbiotrophs, fostering plant survivability against those fungal pathogens 50. Other than that, 
the higher amount of saprotrophs provides essential nutrients for other beneficial fungi to 
grow and support the plant's health and productivity. From this result, the available fungal 
traits in OF treatment have a higher possibility of developing more microbial groups in 
rhizosphere soil consisting of fungal and bacteria, which can provide a complex network 
structure 8. 
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Figure 4. Fungal trophic mode abundance in organic and chemical treatment at the tillering stage. 

 
Conclusion:  

Chemical fertilizer provides absorbable macronutrients like phosphate, nitrogen, 
potassium, sulfur, and calcium for plants in suitable amounts. On the contrary, organic 
fertilizer tends to contain lesser amounts of absorbable macronutrients for the plant. 
Therefore, the function of the rhizosphere microbiome is vital to support the solubilization of 
nutrients in organic fertilizer and improve nutrient uptake in both treatments (OF and CF). 
Some dominant genera in CF treatment, like Aspergillus, Penicillium, and Mortierella, 
facilitate nitrogen and soluble phosphate uptake by rice plants. In the OF treatment, 
Talaromyces helps rice plants survive under low phosphate content by solubilizing available 
phosphate and mineralizing organic phosphate from other microbes. Then, Scolecobasidium 
facilitates oxidizing inorganic sulfur derived from some components in organic fertilizer, like 
cow dung and leftover material for mushroom cultivation. The availability of sulfur will 
induce the phosphate uptake by the plant in the form of phosphate-sulfur bonds, which are 
not easily lost from the soil into the irrigation system like their original form as phosphate 
and sulfate. Some non-dominant genera like Serendipita and Geomyces were higher in OF 
treatment. This is good because S. indica protects against phytopathogenic fungi, like 
Curvularia, which was also abundant in OF treatment. Then, Geomyces act as saprotrophs by 
converting the complex substrate from organic fertilizer and supplying nutrients to support 
the growth of other fungi.  

The OF treatment is proven to exhibit more abundance of saprotroph and symbiotroph 
fungal communities, which can support further rice plant growth development through strong 
mutualism between rice plant and symbiotroph fungi. The rhizosphere microbial community 
is known to be affected by the types of soil, fertilizer, and plant species. To the best of our 
knowledge, this research is the first to observe the fungal rhizosphere community from the 
‘Pathumthani1’ rice cultivar. This research fills the knowledge gap of the rhizosphere fungal 
community under chemical and organic fertilizers in the ‘Pathumthani1’ rice cultivar at the 
tillering stage. However, further observation of bacterial and fungal communities on all 
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Pathumthani1 growth stages is needed to understand the impact of these fertilizer treatments 
on the rhizosphere microbial community and their function in the ecological network.  
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Abstract:  
A series of novel benzimidazole-based triazole compounds were designed and synthesized 
employing click reaction. The reactions were performed by using benzimidazole-based 
alkynes (1) and aromatic azide (2) as substrates in the presence of 10 mol% cupper iodide and 
10 mol% triethylamine in acetonitrile at room temperature for 1 h. Eleven corresponding 
products (3) were successfully obtained in high to excellent yields (86-99%). All derivatives 
were screened for in vitro antioxidant activity by using DPPH radical scavenging assay. 
Compounds 3c and 3f exhibited the best results with moderate %inhibition in 30.29 and 
35.89, respectively, compared with standard L-ascorbic acid (88.13%inhibition). 
 

 
 
Introduction:  

Heterocyclic compounds have a central place in medicinal chemistry, being used as 
therapeutic agents to treat most diseases,1,2 Among them, benzimidazole stands out, as a 
purine-analog pharmacophore, with a very diverse therapeutic activity. The very broad 
spectrum of biological activities such as antimicrobial,3 antiviral,4 antihistamine,5 
antiparasitic,6 anti-inflammatory,7 antihypertensive,8 diabetes mellitus,9 anticonvulsant,10 
antitumor,11 proton pump inhibitors,12 anti-alzheimer,14 analgesic properties15 and 
anticoagulant properties.16 

1,2,3-Triazole is a heterocyclic moiety derived from copper-catalyzed click reaction 
of alkyne and azide substrates. Diversity of 1,2,3-triazoles showed promising biological 
activities such as antiviral,17 anti-inflammatory,18 antitumor,19 antioxidant,20 antitubercular,20 
antihypertensive,21 antimicrobial,22 and antiepileptic.21 In addition, 1,2,3-triazole derivatives 
are efficient in the treatment of Alzheimer’s disease.23  

Therefore, benzimidazoles containing a triazole ring, so called “benzimidazole-
triazoles”, displayed promising biological activity. Herein, we present a simple method for 
the synthesis of novel benzimidazole-triazoles using the copper catalyzed click reaction of 
benzimidazole-ligated alkyne and benzyl azide. In addition, antioxidant activity of novel 
analogs was evaluated.  
Methodology:  
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General methods: All chemicals were purchased from commercial sources and used 
without further purification. 1H-NMR spectra were recorded at Burapha University using a 
BRUKER AVANCE (400 MHz). Analytical thin-layer chromatrography (TLC) was 
conducted on pre-coated TLC plates; silica gel 60 F254 (E. Merck, Darmstadt, Germany). 
Open-column chromatography was carried out using silica gel 60 PF254 (E. Merck, 
Darmstadt, Germany). Melting points were measured using a Melting point apparatus 
(Griffin) and are uncorrected. 

Synthesis of Compound 1:24 (Scheme 2). To a solution of [DodecIm][HSO4] (5 mol%) 
in 95%EtOH (5.0 mL) was added aromatic aldehyde (1 mmol) and o-phenylenediamine (1.2 
mmol) at room temperature, respectively. The reaction mixture was stirred at room 
temperature for 12 h and then ethanol was removed by rotary evaporator. The crude residue 
was diluted with water (5.0 mL) and extracted with ethyl acetate (3 x 20 mL). The combined 
organic layer was concentrated using rotary evaporator. Then crude residue was dissolved in 
acetonitrile (5.0 mL), followed by adding KOH (2 mmol) and propargyl bromide (2 mmol) at 
room temperature, respectively. The reaction mixture was stirred at room temperature for 3 h. 
After the reaction completed, the reaction mixture was neutralized with sat. NH4Cl and 
extracted with ethyl acetate (3 x 20 mL). The combined organic layer was dried over sodium 
sulfate anhydrous and concentrated using rotary evaporator. The crude product was purified 
by column chromatography (30-70% ethyl acetate/n-hexane) to give compounds 1a-1f.  

General procedure for the synthesis of Compound 3: Compound 1 was dissolved in 
acetonitrile, followed by adding triethylamine 10 mol%, benzyl azide (2) (1.5 mmol) and 
copper iodide 10 mol%, respectively. The reaction was stirred at room temperature for 1 h. 
After the completed conversion, the reaction mixture was neutralized with sat. NH4Cl and 
extracted with ethyl acetate (3 x 20 mL). The combined organic layer was dried over sodium 
sulfate anhydrous and concentrated under rotary evaporator. The crude product was purified 
by silica gel column chromatography (30-70% ethyl acetate/n-hexane) to give the desired 
products benzimidazole-triazoles 3a-3f in 78-99 %yield. 

Compound 3a: 1H NMR (400 MHz, CDCl3): d 7.86 (d, 1H, J = 7.2 Hz, Ar-H), 7.79-
7.75 (m, 2H, Ar-H), 7.52-7.47 (m, 3H, ArH), 7.42 (d, 1H, J = 7.8 Hz, ArH), 7.36-7.26 (m, 
5H, Ar-H), 7.21-7.16 (m, 3H, Ar-H), 5.54 (s, 2H, CH2), 5.46 (s, 2H, CH2); 13C-NMR (100 
MHz, CDCl3): d 153.56, 144.18, 142.98, 135.53, 134.22, 130.02, 129.72, 129.35, 129.11, 
128.83, 127.83, 123.13, 122.80, 121.75, 119.98, 110.21, 77.20, 54.25, 40.98; HRMS (ESI-
TOF) m/z calcd for C23H20N5 [M+H]+ 366.1713, found 366.1713. 

Compond 3b: 1H NMR (400 MHz, CDCl3): d 8.34 (d, 2H, J = 8.8 Hz, Ar-H), 8.07 (d, 
2H, J = 8.8 Hz, Ar-H), 7.86-7.83 (m, 1H, Ar-H), 7.41-7.32 (m, 6H, Ar-H), 7.28 (s, 1H, Ar-
H), 7.23-7.18 (m, 2H, Ar-H), 5.52 (s, 2H, CH2), 5.48 (s, 2H, CH2); 13C-NMR (100 MHz, 
CDCl3): d 151.05, 148.53, 143.42, 143.03, 135.96, 135.79, 134.09, 130.49 (2C), 129.21 (2C), 
129.01, 127.94 (2C), 124.04, 123.99 (2C), 123.39, 121.82, 120.52, 110.19, 54.39, 40.95; 
HRMS (ESI-TOF) m/z calcd for C23H19N6O2 [M+H]+ 411.1564, found 411.1563. 

Compound 3c: 1H NMR (400 MHz, CDCl3): d 7.77 (d, 1H, J = 7.6 Hz, Ar-H), 7.67 (d, 
2H, J = 8.8 Hz, Ar-H), 7.34-7.20 (m, 6H, Ar-H), 7.18 (s, 1H, Ar-H), 7.16-7.12 (m, 2H, Ar-
H), 6.96 (d, 2H, J = 8.8 Hz, Ar-H), 5.46 (s, 2H, CH2), 5.40 (s, 2H, CH2), 3.82 (s, 3H, OCH3); 
13C-NMR (100 MHz, CDCl3): d 160.74, 153.41, 143.96, 142.81, 135.42, 134.17, 130.63 
(2C), 128.87 (2C), 128.55, 127.63 (2C), 122.64, 122.45, 121.80, 121.78, 119.48, 114.08 (2C), 
109.92, 55.16, 53.95, 40.72; HRMS (ESI-TOF) m/z calcd for C24H22N5O [M+H]+ 396.1819, 
found 396.1819. 

Compound 3d: 1H NMR (400 MHz, CDCl3): d 7.76-7.71 (m, 3H, Ar-H), 7.32-7.07 
(m, 8H, Ar-H), 6.95 (t, 2H, J = 8.8 Hz, Ar-H), 5.41 (s, 2H, CH2), 5.34 (s, 2H, CH2); 13C-
NMR (100 MHz, CDCl3): d 164.75, 162.59 (d, J = 247.0 Hz, C-F), 162.26, 152.43, 143.67, 
142.70, 135.34, 131.29 (d, J = 9.0 Hz, C-F), 129.97 (d, J = 3.0 Hz, C-F), 129.62 (d, J = 8.0 
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Hz, C-F), 125.75 (d, J = 4.0 Hz, C-F), 123.00, 122.68, 121.68, 119.71, 115.94 (d, J = 7.0 Hz, 
C-F), 115.72 (d, J = 7.0 Hz, C-F), 109.96, 53.21, 40.54; HRMS (ESI-TOF) m/z calcd for 
C23H19FN5 [M+H]+ 384.1619, found 384.1619. 

Compound 3e: 1H NMR (400 MHz, CDCl3): d 7.97 (d, 2H, J = 8.4 Hz, Ar-H), 7.87-
7.83 (m, 1H, Ar-H), 7.76 (d, 2H, J = 8.4 Hz, Ar-H), 7.43-7.28 (m, 7H, Ar-H), 7.22-7.17 (m, 
2H, Ar-H), 5.51 (s, 2H, CH2), 5.48 (s, 2H, CH2); 13C-NMR (100 MHz, CDCl3): d 151.95, 
143.65, 142.94, 135.61, 134.13, 133.29, 131.79 (q, J = 33.0 Hz, C-F), 129.85 (2C), 129.14, 
128.90, 127.87 (2C), 125.76 (q, J = 4.0 Hz, 2xC-F), 123.77, 123.32, 123.11, 121.78, 120.24, 
54.29, 40; HRMS (ESI-TOF) m/z calcd for C24H19F3N5 [M+H]+ 434.1587, found 434.1584. 

Compound 3f: 1H NMR (400 MHz, CDCl3): d 8.17 (d, 2H, J = 8.4 Hz, Ar-H), 7.86 (d, 
2H, J = 8.8 Hz, Ar-H), 7.87-7.81 (m, 1H, Ar-H), 7.42-7.27 (m, 6H, Ar-H), 7.20-7.15 (m, 3H, 
Ar-H), 5.55 (s, 2H, CH2), 5.49 (s, 2H, CH2), 3.96 (s, 3H, COOCH3). 13C-NMR (100 MHz, 
CDCl3): d 166.39, 152.34, 143.83, 142.96, 135.67, 134.16, 133.97, 131.37, 130.02 (2C), 
129.42 (2C), 129.16 (2C), 128.90, 127.87 (2C), 123.61, 123.11, 121.72, 120.23, 110.28, 
54.31, 52.35, 41.03; HRMS (ESI-TOF) m/z calcd for C25H22N5O2 [M+H]+ 424.1768, found 
424.1768. 

 
 

Scheme 1 Synthesis of benzimidazole-triazole compounds (3). 

Results and Discussion:  
To synthesize the novel benzimidazole-based triazole compounds through copper catalyzed 
click reaction, benzimidazole-linked alkynes (1) were employed as substrates. The 
preparation of substrate compounds 1 was carried out using our previous method (Scheme 
2).24 The condensation of o-phenylenediamine and aromatic aldehydes afforded 2-substituted 
benzimidazoles, then followed by N-alkylation via one-pot process with propargyl bromide 
under basic condition to produce benzimidazole-linked alkynes (1). 
 

 
 

Scheme 2 Preparation of benzimidazole-linked alkynes (1) as substrates. 
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Table 1. Synthesis of benzimidazole-triazole compoundsa      
                                    

 
 

Entry Compound (1) Product (3) %Yieldb 

1 
 

 

90% 

2 
 

 

94% 

3 
 

 

99% 

4 
 

 

86% 

5 
 

 

89% 

6 
 

 

78% 

a All reactions were conducted with 1 (1.0 mmol), azide (2, 1.5 mmol), CuI (10 mol%), Et3N 
(10 mol%), CH3CN (5 mL) for 1 h. b Isolated yield. 
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The synthesis of benzimidazole-based triazole analog was investigated through simple copper 
catalyzed click reaction. The reaction of benzimidazole-linked alkynes (1) reacted with 
benzyl azide (2) catalyzed by 10 mol% of copper iodine in the presence of 10 mol% of 
triethylamine base in acetonitrile at room temperature for 1 h to obtain the corresponding 
products (3) in high to excellent yields, as summarized the synthetic results in Table 1. 
Several substrates benzimidazole-linked alkynes (1) with different substituents (R) on 
benzene ring were studied, including electron donating group (1c, p-OCH3) and electron 
withdrawing groups (1b, p-NO2; 1d, p-F; 1e, p-CF3 and 1f, p-COOCH3). The products (3) 
were formed in similar high yields in 90, 94, 99, 86, 89 and 78% yields for compound 3a, 3b, 
3c, 3d, 3e and 3f respectively. This indicating that substrates 1 could be suitable for the 
preparation these new analog products.  
 
Table 2. Antioxidant activity. 
 

Entry Benzimidazole-Triazole %Inhibition (5mM)a 
1 3a 10.22±0.01 
2 3b 14.62±0.09 
3 3c 30.29±0.06 
4 3d 25.65±0.04 
5 3e 12.04±0.03 
6 3f 35.89±0.02 
7 L-ascorbic acid 88.13 ± 0.02 

a DPPH assays. 
 
The synthesized benzimidazole-triazole compounds (3a-3f) were screened for in vitro 
antioxidant activity by using DPPH radical scavenging assay as shown in Table 2. It was 
found that %inhibition of all derivatives was lower than the standard L-ascorbic acid. The 
derivative of benzimidazole-triazole 3a without substituents showed the lower antioxidant 
activity with 10% inhibition. Notably, the antioxidant activity was enhanced when electron-
withdrawing groups 3b, 3d, 3e and 3f and electron-donating group 3c were present on the 
structure. This implied that the substituents on benzene-side benzimidazole ring at papa-
position play the important role of antioxidant activity. Among them, compounds 3c (entry 3) 
and 3f (entry 6) exhibited the best results with moderate % inhibition in 30.29 and 35.89, 
respectively. This indicating that methoxy group (3c) and methyl ester moiety (3f) on para-
position of benzene-side benzimidazole moiety played an important role for antioxidant 
activity, whereas electron withdrawing groups on benzene ring (p-NO2, p-F, p-CF3) showed 
no antioxidant activity.  
 
Conclusion:  
In summary, we demonstrated the synthesis of novel benzimidazole-triazole compounds, 
incorporating between benzimidazoles and 1,2,3-triazoles using click reaction, in high to 
excellent yields. Antioxidant activity of all derivative products was evaluated. Compounds 3c 
and 3f showed promising antioxidant activity.  
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Abstract:  

Chrysin, a flavone found in many plants, is regarded as an important component of 
the human diet. It can be found in propolis, honey, and several fruits and vegetables. Chrysin 
has become a compound of interest due to its crucial medicinal and health benefits. Ten 
derivatives of chrysin acetohydrazide (4a-j) were synthesized through a three-step reaction 
and evaluated for their α-glucosidase inhibitory activity. Compounds 4a-j were obtained as a 
mixture of geometrical isomers (E/Z isomers) upon treatment of hydrazide 3 with different 
aromatic aldehydes. The results showed that all derivatives are active with IC50 values 
ranging from 0.97 to 9.75 μM with reference to that of acarbose, the standard drug, with the 
IC50 value of 836 μM. Compound 4i, a 2,3,4-trihydroxy substituted compound, was the most 
active compound with the IC50 value of 0.97 μM. The kinetic study was conducted to further 
investigate the interaction mechanism of 4i, and the results showed that it was a mixed type 
of inhibitor. This means that the inhibitor can either bind to the enzyme or enzyme-substrate 
complex. 

 
Introduction:  

Diabetes is a chronic metabolic disease characterized by constant hyperglycemia, a 
condition for high blood glucose levels in the body.1 Glucose is the body's primary energy 
source, which can be obtained from food. Insulin is a hormone in the body that helps to 
regulate blood sugar. In the case of diabetes, the body does not generate enough insulin or 
does not use insulin correctly. α-Glucosidase is an enzyme present in the epithelial lining of 
the small intestine that catalyzes the conversion of 1,4-glycosidic bonds in polysaccharides to 
readily absorbable sugar units. As a result, the inhibition of glycosidases is a key strategy for 
lowering blood sugar levels.2 Currently, there are several antidiabetic drugs which include 
acarbose, miglitol, and voglibose but these are associated with many side effects. Hence, 
there is a need to develop more potent and less toxic α-glucosidase inhibitors.3 

Flavonoids are a class of compounds with low molecular weight which include 
flavanols, flavanols, flavanones, isoflavones, flavones, and dihydroflavonols.4 Chrysin is a 
flavone that occurs naturally in a variety of plants, including the blue passionflower, honey, 
and propolis. Chrysin has been reported to possess various biological properties including 
antioxidant, antidiabetic, and anticancer.5 Recently, in drug discovery acyl hydrazone moiety 
has been recognized as an important structure and is easily synthesized through condensation 
of hydrazides and aldehydes or ketones under acid or base catalysis.6 Acyl hydrazone 
pharmacophore possesses the ability to take part in several interactions with the proposed 
targets through hydrogen bond acceptor and donor of amino acid residues of the enzyme 
binding site. This unique moiety exhibited a wide range of pharmacological potencies which 
include anti-inflammatory7, anticancer8, and α-glucosidase inhibitors.9 Additionally, Schiff 
bases are among the important moieties that possess various biological activities such as α- 
and β-glucosidase inhibitory activities. 
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Based on the hypothesis that acyl hydrazone pharmacophore and Schiff bases play a 
key role in α-glucosidase inhibition, chrysin acetohydrazide derivatives were synthesized and 
evaluated for α-glucosidase inhibitory activity. 

 
Methodology:  
The general procedure for the synthesis of chrysin acetohydrazide derivatives 
Synthesis of methyl 2-((5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl)oxy)acetate (2) 
 The synthetic route of chrysin acetohydrazide derivatives 4a-j is shown in Scheme 1 
with their structures displayed in Table 1. A mixture of chrysin 1 (500 mg, 1.97 mmol) and 
K2CO3 (817 mg, 5.91 mmol) was dissolved in 15 mL of anhydrous DMF and allowed to cool 
down to 0 C in ice bath. After this was the dropwise addition of methyl 2-bromoacetate 
(0.19 mL, 1.97 mmol) and the reaction was stirred for 3 h at this temperature.10 The reaction 
was monitored by TLC. Upon completion, the mixture was poured slowly into ice. Precipitate 
was formed during this process, filtered, washed with water, and allowed to dry on air to give 
the title compound as a pure yellow powder. Yield: 83%. 1H NMR (500 MHz, CDCl3) δH 
12.80 (s, 1H), 7.86 (dd, J = 8.4, 1.6 Hz, 2H), 7.57 – 7.49 (m, 3H), 6.66 (s, 1H), 6.50 (d, J = 
2.3 Hz, 1H), 6.35 (d, J = 2.3 Hz, 1H), 4.71 (s, 2H), and 3.83 (s, 3H). 13C NMR (125 MHz, 
CDCl3) δC 182.6, 168.4, 164.3, 163.5, 162.4, 157.7, 132.0, 131.2, 129.2, 126.4, 106.3, 106.0, 
98.5, 93.5, 65.2, and 52.6. 
Synthesis of 2-((5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl)oxy)acetohydrazide (3) 

Compound 2 (400 mg, 1.23 mmol) was dissolved in 15 mL of EtOH in a round 
bottom flask. The mixture was refluxed at 80 C and hydrazine hydrate (0.11 mL, 3.69 
mmol) was added and stirred further for 10 h.11 The reaction was monitored by TLC. The 
reaction was cooled down to room temperature, and a precipitate was formed which was later 
filtered to give 3 in 79% yield. 1H NMR (500 MHz, DMSO-d6) δH 12.79 (s, 1H), 9.44 (s, 
1H), 8.07 (d, J =7.6 Hz, 2H), 7.64 – 7.56 (m, 3H), 7.03 (s, 1H), 6.80 (d, J = 2.7 Hz, 1H), 6.44 
(d, J = 2.7 Hz, 1H), 4.64 (s, 2H), and 4.38 (s, 2H). 13C NMR (125 MHz, DMSO-d6) δC 182.7, 
166.5, 164.23, 164.3, 161.6, 157.7, 132.8, 131.0, 129.8, 127.0, 105.9, 105.8, 99.4, 94.1, 67.0, 
40.5, 40.4, 40.3, 40.2, 40.2, 40.1, 39.9, 39.9, 39.7, 39.6, and 39.4. 
General procedure for the synthesis of N′-arylidene-2-((5-hydroxy-4-oxo-2-phenyl-4H-
chromen-7-yl)oxy)acetohydrazide (4a-j)  

Compounds 4a-j were synthesized by reacting 3 (0.77 mmol) with different 
substituted benzaldehydes (0.77 mmol) in a Schiff base condensation reaction. The reaction 
was stirred at 80 C for 8 h in the presence of a catalytic amount of AcOH (4-8 drops) in 
EtOH. Compounds 4a-j were obtained in 58-87% by filtration after precipitation. All 
structures were elucidated using 1H and 13C NMR and shown in Table 1.  
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Scheme 1. Reagents and conditions: (a) methyl 2-bromoacetate, K2CO3, DMF, 0 C, 3 h: (b) 
hydrazine hydrate, EtOH, 80 C, 10 h: (c) different substituted aldehydes, EtOH, glacial 
AcOH (cat.), 80 C, 8 h.11 
 
The synthesis of chrysin acetohydrazide derivatives 

The chrysin acetohydrazide derivatives 4a-j gave appropriate analytical and 
spectroscopic data according to their structures.10 1H and 13C NMR spectra showed that 
compounds 4a-j were obtained as a mixture of geometrical isomers (E/Z isomers). The E:Z 
ratio for each compound was determined from 1H NMR spectra utilizing the integration of 
the neat methylene group peaks that appeared as two separated singlets for the two isomers 
between δ 4.8 and 5.3 ppm. The 1H NMR spectra for compound 4b, as an example, showed 
two characteristic overlapped singlets for the two isomers at δ 12.8 ppm representing the 
chelated phenolic C5–OH of the 4H-chromen-4-one ring. The CONH protons of the two 
isomers resonate as two overlapped singlets at δ 11.7 ppm. The N=CH protons of the two 
isomers appeared as two singlets at δ 8.3 and 8.0 ppm, which can be utilized to confirm the 
formation of E/Z isomers and their corresponding ratios. Proton atoms present on the phenyl 
rings (rings B and D) of the two isomers resonated as multiplet signals in the range δ 7.2–8.0 
ppm, whereas the three proton atoms that belong to the 4H-chromen-4-one ring (rings A and 
C) are resonated as three multiplet signals at δ 7.0, δ 6.8, and 6.4 ppm. The methylene 
protons (CH2O) for the two isomers appeared as two singlets at δ 5.3 and 4.8 ppm. The 13C 
NMR spectrum and HRMS data further confirmed the formation of the desired compound.10 

 
Compound 4a: (E,Z)-N′-benzylidene-2-((5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-

yl)oxy)acetohydrazide as a white powder in 86% yield; 1H NMR (500 MHz, DMSO-d6) 
(E:Z= 1:0.4) δH 12.84 – 12.76 (m, 1.4H), 11.71 – 11.63 (m, 1.4H), 8.33 (s, 0.4H), 8.09 – 8.02 
(m, 4H), 7.76 – 7.69 (m, 2H), 7.63 – 7.51 (m, 5H), 7.48 – 7.41 (m, 3H), 7.04 – 7.01 (m, 
1.4H), 6.86 – 6.81 (m, 1.4H), 6.50 – 6.38 (m, 1.4H), 5.32 (s, 2H), 4.84, and (s, 0.94H). 13C 
NMR (125 MHz, DMSO-d6) δC 182.6, 168.8, 164.9, 164.2, 164.1, 164.1, 164.0, 161.7, 161.6, 
157.8, 148.6, 144.6, 134.5, 134.4, 132.7, 131.1, 130.6, 129.7, 129.6, 129.3, 127.7, 127.5, 
126.9, 105.9, 105.8, 105.6, 99.2, 94.1, 93.9, 67.1, and 65.8. 

Compound   4b:  (E,Z)-N′-(2-fluorobenzylidene)-2-((5-hydroxy-4-oxo-2-phenyl-4H-
chromen-7-yl)oxy)acetohydrazide as an off-white powder in 65% yield; 1H NMR (500 MHz, 
DMSO-d6) (E:Z= 1:0.4)  δH 12.83 – 12.79 (m, 1.4H), 11.72 – 11.65 (m, 1.4H), 8.31 (s, 0.4), 
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8.10 – 8.01 (m, 4H), 7.84 – 7.74 (m, 3H), 7.62 – 7.53 (m, 5H), 7.33 – 7.25 (m, 3H), 7.05 – 
7.03 (m, 1.4H), 6.86 – 6.83 (m, 1.4H), 6.49 – 6.39 (m, 1.4H), 5.32 (s, 2H), 4.83, and (s, 
0.74H). 13C NMR (125 MHz, DMSO-d6) δC 182.6, 168.8, 167.2, 164.9, 164.6, 164.3, 164.0, 
162.6, 161.6, 157.8, 147.5, 143.5, 132.7, 131.1, 129.9, 129.9, 129.8, 129.7, 129.7, 127.0, 
116.6, 116.5, 116.4, 116.3, 105.9, 105.8, 105.6, 99.2, 94.1, 94.0, 67.1, and 65.8.  

Compound 4c: (E,Z)-N′-(4-fluorobenzylidene)-2-((5-hydroxy-4-oxo-2-phenyl-4H-
chromen-7-yl)oxy)acetohydrazide as an off-white powder in 58% yield; 1H NMR (500 MHz, 
DMSO-d6) (E:Z= 1:0.4) δH 12.83 – 12.79 (m, 1.4H), 11.72 – 11.65 (m, 1.4H), 8.31 (s, 0.4H), 
8.10 – 8.01 (m, 4H), 7.84 – 7.74 (m, 3H), 7.62 – 7.53 (m, 5H), 7.33 – 7.25 (m, 3H), 7.05 – 
7.03 (m, 1.5H), 6.86 – 6.83 (m, 1.5H), 6.49 – 6.39 (m, 1.5H), 5.32 (s, 2H), 4.83, and (s, 
0.82H). 13C NMR (125 MHz, DMSO-d6) δC 182.6, 168.8, 167.2, 164.9, 164.6, 164.3, 164.0, 
162.6, 161.6, 157.7, 147.5, 143.5, 132.7, 132.7, 131.1, 129.9, 129.8, 129.8, 129.7, 129.7, 
127.0, 116.6, 116.5, 116.4, 116.3, 105.9, 105.8, 105.6, 99.3, 99.2, 94.1, 94.0, 67.1, and 65.8. 

Compound   4d: (E,Z)-2-((5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl)oxy)-N′-(2-
nitrobenzylidene)acetohydrazide as an off-white powder in 84% yield; 1H NMR (500 MHz, 
DMSO-d6) (E:Z= 1:0.4) δH 12.82 (m, 1.4H), 11.98 (m, 1.4H), 8.73 (s, 0.4H), 8.40 (s, 1H), 
8.19 – 8.14 (s, 1H), 8.12 – 8.03 (m, 4H), 7.80 (m, 2H), 7.70 – 7.53 (m, 4H), 7.04 (m, 1.4H), 
6.86 (m, 1.4H), 6.46 (m, 1.4H), 5.32 (s, 2H), 4.87, and (s, 0.78H). 13C NMR (125 MHz, 
DMSO-d6) δC 182.6, 169.1, 164.9, 164.5, 164.2, 164.0, 161.7, 161.6, 157.8, 148.7, 148.5, 
144.0, 140.1, 134.4, 134.1, 132.7, 131.4, 131.2, 131.1, 129.7, 129.1, 128.7, 127.0, 125.3, 
125.1, 105.9, 105.9, 105.6, 99.3, 99.2, 94.2, 94.0, 67.1, and 65.9. 

Compound 4e:  (E,Z)-2-((5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl)oxy)-N′-(4-
nitrobenzylidene)acetohydrazide as a yellow powder in 65% yield; 1H NMR (500 MHz, 
DMSO-d6) (E:Z= 1:0.4) δH 12.85 – 12.81 (m, 1.4H), 12.00 – 11.94 (m, 1.4H), 8.43 (0.4H), 
8.31 – 8.27 (m, 3H), 8.13 – 7.96 (m, 7H), 7.64 – 7.55 (m, 5H), 7.07 (d, J = 7.2 Hz, 1.4H), 
6.88 (s, 1.4H), 6.51 – 6.43 (m, 1.4H), 5.39 (s, 2H), 4.89, and (s, 0.74H). 13C NMR (125 MHz, 
DMSO-d6) δC 182.6, 168.8, 164.9, 164.9, 164.0, 161.6, 157.8, 148.3, 147.5, 143.4, 142.2, 
140.8, 132.8, 132.7, 131.1, 129.8, 129., 129.7, 128.7, 128.5, 127.0, 124.6, 124.5, 116.5, 
116.3, 105.8, 105.6, 99.3, 94.0, 67.1, and 65.9. 

Compound 4f: (E,Z)-2-((5-Hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl)oxy)-N’-(2-
hydroxybenzylidene)acetohydrazide as a pale yellow powder in 65% yield; 1H NMR (500 
MHz, DMSO-d6) (E:Z= 1:1)  δH 12.85 – 12.79 (m, 2H), 11.86 (s, 1H), 11.64 (s, 1H), 11.00 (s, 
1H), 10.08 (s, 1H), 8.57 (s, 1H), 8.34 (s, 1H), 8.10 – 8.07 (m, 5H), 7.78 – 7.53 (m, 10H), 7.31 
– 7.23 (m, 2H), 7.06 – 6.82 (m, 10H), 6.51 – 6.40 (m, 2H), 5.30 (s, 2H), and 4.87 (s, 2H). 13C 
NMR (125 MHz, DMSO-d6) δC 182.7, 182.6, 168.5, 164.9, 164.2, 164.1, 164.0, 163.9, 161.7, 
161.6, 157.9, 157.8, 156., 148.7, 142., 132.7, 132.7, 132.1, 131.8, 131.0, 129.7, 129.6, 127.0, 
120.5, 119.9, 119.1, 116.9, 116.6, 105.9, 105.9, 105.8, 105.6, 99.3, 99.3, 94.1, 93.9, 67.0, and 
65.8. 

Compound 4g: (E,Z)-2-((5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl)oxy)-N′-(4-
hydroxybenzylidene)acetohydrazide as a white powder in 70% yield; 1H NMR (500 MHz, 
DMSO-d6) (E:Z= 1:0.5) δH 12.83 – 12.79 (m, 1.5H), 11.52 – 11.42 (m, 1.5H), 9.99 – 9.91 (m, 
1.5H), 8.23 – 8.06 (m, 4H), 7.93 (s, 1H), 7.62 – 7.52 (m, 8H), 7.05 – 7.03 (m, 1.5H), 6.85 – 
6.81 (m, 5H), 6.48 – 6.39 (m, 1.5H), 5.28 (s, 2H), and 4.80 (s, 1H). 13C NMR (125 MHz, 
DMSO-d6) δC 182.7, 182.6, 168.4, 164., 164.3, 164.1, 163.9, 163.6, 161.6, 161.5, 160.1, 
159.8, 157.7, 157.7, 148.9, 144., 132.7, 132.6, 131.0, 129.7, 129.6, 129.5, 129.3, 127.0, 
125.4, 116.2, 116.2, 105.9, 105.8, 105.7, 105.5, 99.2, 99.2, 94.1, 93.9, 67.1, and 65.8. 
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Compound 4h: (E,Z)-N'-(2,4-dihydroxybenzylidene)-2-((5-hydroxy-4-oxo-2-phenyl-
4H-chromen-7-yl)oxy)acetohydrazide as an off white powder in 84% yield; 1H NMR (500 
MHz, DMSO-d6) (E:Z= 1:0.7)  δH 12.84 – 12.78 (m, 1.71H), 11.67 (s, 0.77H), 11.44 (s, 
0.65H), 11.17 (s, 0.87H), 10.00 (s, 1.54H), 9.86 (s, 0.53H), 8.42 (s, 0.91H), 8.20 (s, 0.71H), 
8.08 (d, J = 7.6 Hz, 4H), 7.63 – 7.53 (m, 6.85H), 7.31 (d, J = 8.8 Hz, 0.93H), 7.03 (d, J = 7.2 
Hz, 1.86H), 6.86 (s, 0.97H), 6.81 (s, 0.77H), 6.48 (s, 0.96H), 6.39 (s, 0.73H), 6.36 – 6.29 (m, 
3.65H), 5.25 (s, 1.37H), and 4.83 (s, 2H). 13C NMR (125 MHz, DMSO-d6) δC 182.6, 182.5, 
168.0, 164.9, 164.1, 164.1, 164.0, 163.4, 161.6, 161.5, 161.4, 161.0, 159.8, 158.6, 157.7, 
149.7, 143.0, 132.7, 132.6, 131.6, 131.0, 129.6, 129.6, 128.7, 127.0, 112.0, 110.9, 108.3, 
108.3, 105.9, 105.8, 105.8, 105.5, 103.1, 102.8, 99.3, 99.2, 94.1, 93.9, 67.0, and 65.8. 

Compound 4i: (E,Z)-2-((5-Hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl)oxy)-N’-
(2,3,4- trihydroxybenzylidene)acetohydrazide as a light purple powder in 75% yield; 1H 
NMR (500 MHz, DMSO-d6) (E:Z= 1:0.6)  δH 12.84 – 12.79 (m, 1.6H), 11.72 (s, 1H), 11.48 
(s, 0.76H), 11.19 (s, 1.04H), 9.61 – 9.52 (m, 1.80H), 9.39 (s, 0.60H), 8.57 – 8.51 (m, 1.90H), 
8.38 (s, 1.12H), 8.19 – 8.07 (m, 3.79H), 7.62 – 7.54 (m, 5.07H), 7.06 – 7.00 (m, 2.43H), 6.88 
– 6.78 (m, 2.52H), 6.50 – 6.37 (m, 3.10H), 5.26 (s, 1.26H), and 4.85 (s, 2H). 13C NMR (125 
MHz, DMSO-d6) δC 182.6, 182.6, 167.9, 164.9, 164.2, 164.0, 163.4, 161.6, 161.5, 157.7, 
150.8, 149.4, 148.9, 147.9, 147.1, 144.5, 133.2, 133.2, 132.7, 132.6, 131.0, 129.7, 127.0, 
121.6, 118.7, 112.6, 111.2, 108.3, 108.2, 105.9, 105.9, 105.8, 105.6, 99.3, 99.2, 94.1, 93.9, 
67.0, and 65.8. 

Compound 4j: (E,Z)-2-((5-Hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl)oxy)-N’-
(2,4,6- trihydroxybenzylidene)acetohydrazide as a brown powder in 87% yield; 1H NMR 
(500 MHz, DMSO-d6) (E:Z= 1:0.2) δH 12.84 – 12.79 (m, 1.2H), 11.66 (s, 0.84H), 11.48 (s, 
0.24H), 10.99 (s, 1.98H), 10.32 (s, 0.47H), 9.88 – 9.85 (m, 1.25H), 8.70 (s, 1.03H), 8.40 (s, 
0.24H), 8.12 – 8.08 (m, 2.34H), 7.65 – 7.54 (m, 3.88H), 7.08 – 7.04 (m, 1.13H), 6.91 – 6.84 
(m, 1.21H), 6.52 – 6.41 (m, 1.25H), 5.86 – 5.81 (m, 2.52H), 5.20 (s, 0.46H), and 4.82 (s, 2H). 
13C NMR (125 MHz, DMSO-d6) δC 182.6, 167.1, 164.8, 164.1, 164.0, 163.1, 162.2, 162.0, 
161.6, 161.5, 160.2, 159.80, 157.73, 147.79, 144.80, 132.73, 131.05, 129.69, 126.99, 105.94, 
105.89, 105.63, 99.38, 99.2, 94.9, 94.8, 94.1, 67.0, and 65.7. 
 

α-Glucosidase inhibition assay  
The synthesized chrysin acetohydrazide derivatives were assayed for in vitro α-

glucosidase inhibition. The α-glucosidase inhibition assay was carried out by using the 
procedure described by Ramadhan and coworkers with slight modifications.12 Briefly, α-
glucosidase (0.4 U/mL) was prepared using 0.1 M, buffer (pH 6.9), and substrate (3 mM p-
nitrophenyl-α-D-glucopyranoside) was dissolved in 0.1 M phosphate buffer (pH 6.9). The 
stock sample was prepared by dissolving 4 mM of the compound in DMSO, and then 1 mM 
of the loading sample was prepared from this solution. 10 μL of the loading sample was 
pipetted into the 96 well plate followed by the addition of 40 μL of -glucosidase and then 
incubated at 37 oC for 10 min. Subsequently, 50 μL substrate solution was added to the 
reaction mixture and incubated further at 37 oC for 20 min and the reaction was terminated by 
adding 100 μL of 1 M Na2CO3 solution. The absorbance was read at 405 nm (ALLSHENG 
AMR-100 microplate reader) in order to analyze the enzymatic activity. The percentage 
inhibition was calculated as follows: % Inhibition = [(A0-A1)/A0] x 100, where: A0 is the 
absorbance without the sample; A1 is the absorbance with the sample. The IC50 value was 
deduced from the plot of % inhibition vs concentration of the tested sample. Acarbose was 
used as a positive control and the experiment was performed in triplicate. 
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Results and Discussion:  

 Two new (4b and 4d) and eight known chrysin acetohydrazide derivatives (4a, 4c, 
4e, 4f, 4g, 4h, 4i, and 4j)10,13 were successfully synthesized, characterized, and evaluated for 
α-glucosidase inhibitory activity. As shown in Table 1, considering the effect of substituents 
on the aromatic aldehydes against α-glucosidase, except for the fluoro substituents 4b and 4c, 
the derivatives 4d and 4e  bearing electron-withdrawing groups increased the inhibitory 
activity as compared to the unsubstituted ring 4a. Compound 4e with a nitro substituent at the 
p-position exhibited the IC50 value of 9.75 μM while 4d with the nitro group at the o-position 
enhanced the activity with the IC50 value of 4.66 μM. This shows that the nitro substituent 
interacted with the enzyme more effectively at the o-position, resulting in increasing the 
inhibitory activity. 

Reviewing the effect of the hydroxyl substituent present on aromatic aldehydes 
against α-glucosidase revealed that this functional group displayed a significant effect. As 
observed from the result, 4f with the hydroxyl derivatives at the o-position showed excellent 
inhibition with the IC50 value of 5.50 μM, but the presence of the hydroxyl group at the p-
position in 4g reduced drastically. This might be because the hydroxyl group at the o-position 
had better interaction with the amino acid residue than that at the p-position. The 
enhancement of the inhibitory activity by the hydroxyl substituents could further be seen in 
4h, on the introduction of additional hydroxyl substituent to the p-position, the combined 
effect improved the activity better with the IC50 value of 1.99 μM. 

Interestingly, the derivative bearing 2,3,4-trihydroxyl substituent 4i was the most 
active with the IC50 value of 0.97 μM which was around eight hundred and sixty-one fold 
more active than the standard acarbose with the IC50 value of 836.10 μM. In addition, 4j with 
2,4,6-trihydroxyl substituent emerged as the second most active compound with the IC50 

value of 1.84 μM. This result revealed that the introduction of hydrophilic substituents with 
H-bond donating properties like hydroxyl groups on the benzylidene moiety displayed the 
most interaction with active residues which led to extra interactions and an increase of the α-
glucosidase inhibitory activity. 
 
Table 1 α-Glucosidase inhibitory activity of chrysin acetohydrazide derivatives 4a-j 
 

 
 
Compounds        R E/Z 

ratio 
% Inhibition 

at 10 µM 
IC50 (µM)a 

4a 

 

 
1:0.4 

              
             49.53 

 
-b 

4b 

 

1:0.4              50.87 -b 
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4c 

 

 
1:0.4 

              
             51.10 

 
-b 

4d 

 

1:0.4              90.90 4.66 ± 0.30 

4e 

 

 
1:0.4 

              
             76.81 

 
9.75 ± 1.29 

4f 

 

 
1:1 

              
             92.60 

 
5.50 ± 0.30 

4g 

 

 
1:0.5 

              
             38.06 

 
-b 

4h 

 

 
1:0.7 

              
             82.90 

 
1.99 ± 0.19 

4i 

 

 
1:0.6 

              
             99.49 

 
0.97 ± 0.05 

4j 

 

 
1:0.2 

              
             97.78 

 
1.84 ± 0.26 

Chrysin NA     -               - 67.81 ± 1.69 
Acarbose NA 

 
    -               - 836.10 ± 47.19 

aIC50 value was evaluated as mean ± SD from the three independent experiments. 
bIC50 value was not tested if the inhibition rate was less than 70% at 10 µM. 
 
α-Glucosidase inhibition kinetics 

To further explore the interaction mechanism of chrysin acetohydrazides, the type of 
inhibition mode by the most active compound 4i against α-glucosidase was evaluated by 
Lineweaver-Burk plot analysis. The X-axis showed 1/(PNPG) and 1/V values were plotted on 
the Y-axis. The activity was examined at different concentrations of p-nitrophenyl-α-D-
glucopyranoside at 0.750, 0.375, 0.187, 0.093, and 0.046 mM in the presence or absence of 
the active compound.                                                                                                                                       

As depicted in Figure 1, Km increased while Vmax values decreased. This study 
indicated that 4i should be a mixed type of inhibitor for α-glucosidase. The Ki value of 1.82 
µM and Ki value of 2.75 µM were directly calculated from the secondary replot of the 
Lineweaver-Burk plots against the different concentrations of 4i at 0.00, 0.97, and 1.94 μM. 
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Figure 1. Kinetic study of 4i. The Lineweaver-Burk plot for -glucosidase inhibition and 
plots of slope against different concentrations of 4i for Ki and Ki determination. 

  
Conclusion: 

Ten chrysin acetohydrazide derivatives were successfully synthesized. The structures 
were characterized and evaluated for α-glucosidase inhibitory activity. Most of the 
synthesized compounds are active with the IC50 values ranging from 0.97 to 9.75 μM. The 
structure-activity relationship established the importance of the OH group on the ring and its 
significance at the o-position. Most of the derivatives displayed better inhibition than chrysin 
and the positive control, acarbose. Compound 4i with 2,3,4-trisubstituted of the OH group 
emerged as the best compound in the series with the IC50 value of 0.97 μM.  
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Abstract:  

Rhinacanthins are natural products isolated from Rhinacantus nasutus. They have 
been reported to exhibit good biological activities such as anticancer, antibacterial, and 
antidiabetic. The rhinacanthin structures provide the same core structure, 2-hydroxy-3-(3-
hydroxy-2,2-dimethylpropyl)-1,4-naphthoquinone (1), after hydrolysis.  In order to study the 
effect of the increased chain length and hydrophobicity on α-glucosidase inhibitory activity, 
different aliphatic acids were used to synthesize naphthoquinone aliphatic esters leading to 
two new and eight known naphthoquinone esters 2-11 which were characterized by means of 
spectroscopy, and evaluated for their α-glucosidase inhibitory activity. Amongst the 
synthesized compounds, esters with longer chain (C = 8, 9, 12 and 14) that is compounds 5-8 
showed better α-glucosidase inhibitory activity with IC50 36.48±2.74 g/mL, 5.83±0.59, 
2.60±0.64 and 5.30±0.50 respectively, than that of the starting material and acarbose (IC50 = 
836.00±47.19) which was used as a positive control. The trend shows that the activity of the 
compounds increased with the number of carbons from C2 to C12 (2-8) and a drop-in activity 
at C14 (8). Amongst the derivatives evaluated, compound 7 showed the best inhibitory 
activity with IC50 2.6±0.64 M. 

 
Introduction:  

Diabetes mellitus is a chronic disorder, characterized by elevated blood glucose level 
leading to increased morbidity and mortality rate.1 In 2000, 171 million diabetes cases were 
reported and  the incidence of diabetes has been predicted to increase further to 366 by 2023 
if nothing is done.2 The -glucosidase is responsible for the hydrolysis of disaccharides into 
glucose in the small intestine, it cleaves the glycosidic bonds in complex sugars like the 
disaccharides to form glucose which is absorbed by the body, the increase absorption of 
glucose results to hyperglycemia which is a risk factor of diabetes. Inhibiting the -
glucosidases is one of the therapeutic methods of treating diabetes as it slows down the 
digestion of complex sugar and consequently reduces risk of hyperglycemia. There are few 
-glucosidase inhibitor drugs clinically available for the treatment of type 2 diabetes 
including acarbose, voglibose and miglitol. Unfortunately, they have recorded side effects 
including gastrointestinal effects. Moreover, they are expensive and have long term cardiac 
health risk.3  

Rhinacanthins are naphthoquinones found in Rhinacantus nasutus Kurz (family 
Acanthaceae). They have been reported for their good biological activities including 
anticancer, antibacterial, and antidiabetics activities.4 All rhinacanthins from R. nasutus have 
a similar core structure, for example, 2-hydroxy-3-(3-hydroxy-2,2-dimethylpropyl)-1,4-
naphthoquinone, with different ester substituent. Rhinacanthins D, M, N, and Q have 
aromatic esters while rhinacanthin C contains an aliphatic ester. Rhinacanthin C is the major 
compound and has been reported to reduce hyperglycemia, hyperlipidemia and pancreatic 
destruction in diabetes rates.4 A report on the -glucosidase inhibitory effect of rhinacanthins 
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C, D and N showed that rhincanthins D and N with aromatic esters had poor -glucosidase 
inhibitory activity while rhinacanthin C with long carbon chain was very active with IC50 
22.6±0.6 g/mL.5 This implies that aromatic substituents on the R group of the rhinacantins 
reduce the activity. In addition, from the molecular docking of rhinacanthin C and -
glucosidase, H-bonding and hydrophobic interactions were observed which favored the 
potency of rhinacanthin C. In order words, this shows the importance of hydrophobic 
interactions. The first synthesis of naphthoquinone aliphatic ester from 2-hydroxy-3-(3-
hydroxy-2,2-dimethylpropyl)-1,4-naphthoquinone was reported for anticancer activities. 
Increase in chain length from C3 to C7 improved the activity.6 Unfortunately, 
naphthoquinone aliphatic esters have not been reported for -glucosidase activity.  

Owing to the evidence that hydrophobic interactions enhance -glucosidase activity, a 
series of naphthoquinone aliphatic ester derivatives were synthesized and screened for their 
-glucosidase inhibitory activity. 
 
Methodology:  
Procedure for hydrolysis of rhinacanthin C 
2-Hydroxy-3-(3-hydroxy-2,2-dimethylpropyl)-1,4-naphthoquinone (1) was obtained from the 
hydrolysis of rhinacanthin C as shown in Scheme 1. To a stirred solution of rhinacanthin C (1 g, 
0.25 mmol) in EtOH (15 mL), NaOH (2M, 20 mL) was added and refluxed for 3 h.7 TLC was 
used to monitor the progress of the reaction.  After completion, the solvents were removed under 
vacuum and the residue was dissolved in water (20 mL), followed by addition of 5N HCl to 
adjust the pH to 2. The precipitates were filtered and purified by column chromatography using 
hexanes:EtOAc (4:1) to afford 1. The structures were characterized by using 1H and 13C NMR 
spectroscopic data.   
The general procedure for the synthesis of naphthoquinone aliphatic ester derivatives 
The synthetic route of naphthoquinone aliphatic ester derivatives 2 – 11 (Table 1) is shown in 
Scheme 2. To a stirred solution of 1 (104 mg, 0.4 mmol) in DCM (10 mL), carboxylic acid (0.4 
mmol), EDC.HCl (92.85 mg, 0.45 mmol) and DMAP (61.08 mg, 0.45 mmol) were added and 
allowed to stir for 6 h at room temperature. The reaction was monitored using TLC. The reaction 
mixture was diluted with DCM (20 mL) and washed with 5% HCl solution (3x10 mL). 
Subsequently, the organic layer was washed with aqueous NaHCO3 solution (3x10 mL) and 
brine, then dried over anhydrous Na2SO4, filtered and concentrated.8 The resulting crude 
mixture was purified by column chromatography using hexanes:EtOAc (9:1). The structures 
were elucidated using 1H and 13C NMR spectroscopic data.  

 
Scheme 1. Hydrolysis of rhinacanthin C 
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Scheme 2. The general procedure of the synthesis of naphthoquinone aliphatic ester derivatives  
 
The synthesis of related naphthoquinone derivatives 

2-Hydroxy-3-(3-hydroxy-2,2-dimethylpropyl)-1,4-naphthoquinone (1) was obtained 
as a yellow amorphous powder in 50% yield. 
1H NMR (500 MHz, CDCl3) δH (ppm) 8.11 (dd, J = 7.7, 1.3 Hz, 1H), 8.08 (dd, J = 7.6 Hz, 
1H), 7.76 (td, J = 7.6, 1.4 Hz, 1H), 7.68 (td, J = 7.7, 1.4 Hz, 1H), 7.45 (br s, 1H, OH) 3.83 (s, 
2H), 2.67 (s, 2H), and 0.98 (s, 6H). 13C NMR (125 MHz, CDCl3) δC (ppm) 185.0, 181.4, 
154.4, 135.1, 133.0, 133.1, 129.5, 127.1, 126.3, 121.8, 72.9, 37.2, 32.1, and 25.2 

3-(3-Hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)-2,2-dimethylpropyl acetate (2) 
was obtained as a yellow powder 80% yield after column chromatography, eluting with 
hexanes:EtOAc (4:1). 1H NMR (500 MHz, CDCl3) δH (ppm) 8.11 (dd, J = 7.7, 1.3 Hz, 1H), 
8.08 (dd, J = 7.6 Hz, 1H), 7.76 (td, J = 7.6, 1.4 Hz, 1H), 7.68 (td, J = 7.7, 1.4 Hz, 1H), 3.83 
(s, 2H), 2.67 (s, 2H), 2.01 (s, 3H), and 0.98 (s, 6H). 13C NMR (125 MHz, CDCl3) δC (ppm) 
185.0, 181.4, 171.5, 154.4, 135.1, 133.0, 133.1, 129.5, 127.1, 126.3, 121.8, 72.9, 37.2, 32.1, 
25.2, and 21.0 

3-(3-Hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2yl)-2,2-dimethylpropybutanoate (3) 
was obtained as a yellow powder in 84% yield after column chromatography, eluting with 
hexanes:EtOAc (4:1). 1H NMR (500 MHz, CDCl3) δH (ppm) 8.11 (d, J = 7.6 Hz, 1H), 8.08 
(d, J = 7.6 Hz, 1H), 7.76 (t, J = 7.1 Hz, 1H), 7.69 (t, J = 7.4 Hz, 1H), 7.49 (s, 1H), 3.84 (s, 
2H), 2.67 (s, 2H), 2.24 (t, J = 7.6 Hz, 2H), 1.67 – 1.54 (m, 2H), 0.97 (s, 6H), and 0.91 (t, J = 
7.4 Hz, 3H).13C NMR (125 MHz, CDCl3) δC (ppm) 185.0, 181.4, 173.9, 154.4, 135.1, 133.1, 
129.1, 127.2, 126.3, 121.9, 72.7, 36.9, 36.4, 32.0, 25.2, 24.7, 18.6, and 13.9. 

3-(3-Hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)-2,2-dimethylpropyl hexanoate 
(4) was obtained as a yellow powder in 74% yield after column chromatography, eluting with 
hexanes:EtOAc (4:1). 1H NMR (500 MHz, CDCl3) δH (ppm) 8.11 (d, J = 7.6 Hz, 1H), 8.08 
(d, J = 7.6 Hz, 1H), 7.75 (t, J = 7.6 Hz, 1H), 7.69 (t, J = 7.4 Hz, 1H), 7.50 (s, 1H), 3.84 (s, 
2H), 2.67 (s, 2H), 2.25 (t, J = 7.6 Hz, 2H), 1.62 – 1.55 (m, 2H), 1.32 – 1.19 (m, 4H), 0.97 (s, 
6H), and 0.86 (t, J = 7.1 Hz, 3H).13C NMR (125 MHz, CDCl3) δC (ppm) 185.0, 181.1, 174.1, 
154.1, 135.1, 133.1, 129.1, 127.1, 126.1, 121.9, 72.7, 36.7, 34.5, 32.1, 31.4, 25.2, 24.1, 22.4, 
and 14.1. 

3-(3-Hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)-2,2-dimethylpropyl octanoate 
(5) was obtained as a yellow powder in 86% yield after column chromatography, eluting with 
hexanes:EtOAc (4:1). 
1H NMR (500 MHz, CDCl3) δH (ppm) 8.11 (d, J = 7.6 Hz, 1H), 8.08 (d, J = 7.6 Hz, 1H), 7.75 
(t, J = 6.7 Hz, 1H), 7.68 (t, J = 7.4 Hz, 1H), 7.50 (s, 1H), 3.84 (s, 2H), 2.67 (s, 2H), 2.25 (t, J 
= 7.6 Hz, 2H), 1.62 – 1.51 (m, 2H), 1.24 (d, J = 4.2 Hz, 8H), and 0.97 (s, 6H), 0.90 – 0.78 (m, 
3H). 13C NMR (125 MHz, CDCl3) δC (ppm) 185.0, 181.4, 174.1, 154.4, 135.1, 133.1, 133.0, 
129.5, 127.1, 126.2, 121.9, 72.7, 36.9, 34.5, 32.1, 31.8, 29.8, 29.3, 29.0, 25.2, 25.1, 22.7, and 
14.3. 
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3-(3-Hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)-2,2dimethylpropyl nonanoate 
(6) was obtained as a yellow powder in 80% yield after column chromatography, eluting with 
hexanes:EtOAc (9:1).  
1H NMR (500 MHz, CDCl3) δH (ppm) 8.10 (d, J = 7.7 Hz, 1H), 8.07 (d, J = 7.7 Hz, 1H), 7.75 
(t, J = 7.6 Hz, 1H), 7.68 (t, J = 7.6 Hz, 1H), 7.53 (s, 1H), 3.84 (s, 2H), 2.66 (s, 2H), 2.24 (t, J 
= 7.6 Hz, 2H), 1.60 – 1.52 (m, 2H), 1.32 – 1.18 (m, 10H), 0.97 (s, 6H), and 0.85 (t, J = 7.0 
Hz, 3H). 13C NMR (125 MHz, CDCl3) δC (ppm) 185.0, 180.9, 174.1, 154.4, 135.1, 133.1, 
129.5, 127.1, 126.2, 121.9, 72.7, 36.9, 34.5, 32.1, 31.9, 29.3, 29.3, 29.3, 25.2, 25.1, 22.8, and 
14.2. 

3-(3-Hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)-2,2-dimethylpropyl 
dodecanoate (7) was obtained as a yellow powder in 87% yield after column 
chromatography, eluting with hexanes:EtOAc (9:1). 
1H NMR (500 MHz, CDCl3) δH (ppm) 8.11 (d, J = 7.7 Hz, 1H), 8.08 (d, J = 7.4 Hz, 1H), 7.76 
(t, J = 7.6 Hz, 1H), 7.69 (t, J = 7.4 Hz, 1H), 7.47 (s, 1H), 3.84 (s, 2H), 2.67 (s, 2H), 2.25 (t, J 
= 7.6 Hz, 2H), 1.69 (s, 2H), 1.58 (t, J = 7.3 Hz, 2H), 1.32 – 1.16 (br s, 16H), 0.98 (s, 6H), and 
0.86 (t, J = 6.9 Hz, 3H). 13C NMR (125 MHz, CDCl3) δC (ppm) 185.0, 181.4, 174.1, 154.3, 
135.1, 133.1, 129.5, 127.2, 126.3, 121.9, 77.4, 77.7, 76.9, 72.7, 36.9, 34.6, 32.1, 32.0, 29.7, 
29.6, 29.5, 29.4, 29.3, 25.2, 25.1, 22.8, and 14.3. 

3-(3-Hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)-2,2-dimethylpropyl 
tetradecanoate (8) was obtained as a yellow powder in 80% yield after column 
chromatography, eluting with hexanes:EtOAc (9:1). 
1H NMR (500 MHz, CDCl3) δH (ppm) 8.12 (d, J = 7.7 Hz, 1H), 8.09 (d, J = 7.7 Hz, 1H), 7.76 
(t, J = 7.6 Hz, 1H), 7.69 (t, J = 7.6 Hz, 1H), 7.44 (s, 1H), 3.84 (s, 2H), 2.67 (s, 2H), 2.25 (t, J 
= 7.6 Hz, 2H), 1.65 (s, 2H), 1.60 – 1.55 (m, 2H), 1.24 (s, 20H), 0.98 (s, 6H), and 0.87 (t, 
3H).13C NMR (125 MHz, CDCl3) δC (ppm) 185.0, 181.4, 174.1, 154.3, 135.1, 133.1, 129.5, 
127.2, 126.3, 121.9, 72.7, 36.9, 34.6, 32.1, 32.1, 29.9, 29.8, 29.8, 29.6, 29.5, 29.4, 29.3, 25.2, 
25.1, 22.8, and 14.3. 

3-(3-Hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)-2,2-dimethylpropyl benzoate 
(9) was obtained as a yellow powder in 80% yield after column chromatography, eluting with 
hexanes:EtOAc (9:1).  
1H NMR (500 MHz, CDCl3) δH (ppm) 8.05 (d, J = 7.7 Hz, 2H), 7.99 (d, J = 6.9 Hz, 2H), 7.72 
– 7.63 (m, 2H), 7.51 – 7.47 (m, 1H), 7.45 (s, 1H), 7.35 (t, J = 7.9 Hz, 2H), 4.10 (s, 2H), 2.78 
(s, 2H), and 1.10 (s, 6H).13C NMR (125 MHz, CDCl3) δC (ppm) 185.1, 181.3, 166.7, 154.4, 
135.1, 133.1, 133.0, 132.9, 130.5, 129.6, 129.4, 128.4, 127.2, 126.2, 121.8, 73.3, 37.2, 32.4, 
and 25.4. 

3-(3-Hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)-2,2-dimethylpropyl 2-
phenylacetate (10) was obtained as a yellow powder in 80% yield after column 
chromatography, eluting with hexanes:EtOAc (9:1). 
1H NMR (500 MHz, CDCl3) δH (ppm) 8.11 (d, J = 7.7 Hz, 1H), 8.08 (d, J = 7.7 Hz, 1H), 7.75 
(t, J = 7.6 Hz, 1H), 7.68 (t, J = 7.6 Hz, 1H), 7.28 (t, J = 7.9 Hz, 2H), 7.25 (t, J = 7.9 Hz, 2H), 
7.22 (s, 1H), 3.86 (s, 2H), 3.60 (s, 2H), 2.63 (s, 2H), and 0.93 (s, 6H).13C NMR (125 MHz, 
CDCl3) δC (ppm) 184.9, 181.3, 171.8, 154.4, 135.1, 134.2, 133.1, 129.4, 128.6, 127.1, 126.2, 
121.7, 73.1, 41.6, 36.9, 31.9, and 25.0. HRMS (ESI) calcd for C23H22O5 [M + H]+: 
378.1467, found 379.1467. 

3-(3-Hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)-2,2-dimethylpropyl 3-
phenylpropanoate (11) was obtained as a yellow powder in 80% yield after column 
chromatography, eluting with hexanes:EtOAc (9:1). 
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1H NMR (500 MHz, CDCl3) δH  (ppm) 7.99 (d, J = 7.7 Hz, 1H), 7.96 (d, J = 6.3 Hz, 1H), 
7.63 (t, J = 7.6 Hz, 1H), 7.56 (m, 1H), 7.17 – 7.13 (m, 2H), 7.09 (m, 1H), 7.04 (dd, J = 8.2, 
1.3 Hz, 2H), 3.71 (s, 2H), 2.81 (t, J = 7.9 Hz, 2H), 2.53 (s, 2H), 2.50 – 2.46 (m, 2H), and 0.83 
(s, 6H).13C NMR (125 MHz, CDCl3) δC (ppm) 185.0, 181.3, 173.1, 154.4, 140.7, 135.1, 
133.1, 133.0, 129.5, 128.6, 128.4, 127.1, 126.3, 126.3, 121.7, 77.4, 77.2, 76.9, 72.8, 36.9, 
35.9, 31.9, 31.1, 31.0, and 25.1. HRMS (ESI) calcd for C24H24O5 [M + H]+: 392.1624, 
found 393.1697. 
α-Glucosidase inhibition assay  
This activity was performed by the method described by Ramadhan and coworkers with little 
modification.9 The α-glucosidase (0.4 U/mL) was prepared using 0.1 M, buffer (pH 6.9) and the 
substrate (3 mM p-nitrophenyl-α-D-glucopyranoside) was dissolved in 0.1M phosphate buffer 
(pH 6.9). 4 mM of the stock sample were prepared using DMSO, then 1 mM of the loading 
sample was prepared from the stock sample. 10 μL of the loading sample was pipetted into the 
96 well plate followed by the addition of 40 μL of the -glucosidase enzyme and incubated at 
37 oC for 10min. subsequently, 50 μL substrate solution was added to the reaction mixture and 
incubated further at 37 oC for 20 min and the reaction was terminated by adding 100 μL of 1M 
Na2CO3 solution. Enzymatic activity was quantified by measuring the absorbance at 405 nm 
(ALLSHENG AMR-100 microplate reader). The percentage inhibition was calculated as 
follows: % Inhibition = [(A0-A1)/A0] x 100, where: A0 is the absorbance without the sample; A1 
is the absorbance with the sample. The IC50 value was deduced from the plot of % inhibition 
versus concentration of the test sample. Acarbose was used as a positive control and the 
experiment was performed in triplicate. 
 
Results and Discussion:  
Two new (10 and 11) and eight known naphthoquinone esters (2-9)10,11 were synthesized and 
screened for -glucosidase inhibitory activity. Compounds 5-8 showed good activity towards 
-glucosidase than the positive control with the IC50 values of 36.48±2.74 (5), 5.83±0.59 (6), 
2.6±0.64 (7) and 5.3±0.50 (8) M, respectively. This result showed that the increment of 
chain length significantly increased the activity.  The activity increased progressively from 
C2 (2) to C12 (7) and the activity dropped at C14 (8). Compounds containing benzoate 
showed better inhibitory activity when the carbon chain length was increased from 1 to 3 % 
inhibition was increased from 1.00 to 42.09%. Comparing 3 and 11 with similar chain length, 
it was observed that 11 with benzoate showed better inhibitory activity towards -
glucosidase. Compound 7 exhibited the best activity in this series. 
 
Table 1 α-Glucosidase inhibitory activity of naphthoquinone aliphatic esters 
Compound Structure % Inhibition  

at 50 μM 
IC50 (μM)a 

1 

 

55.41 - b 

2 

 

9.84 -b 

3 

 

13.09 - b 
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4 

 

17.01 - b 

5 

 

 
79.48 

 
36.48 ± 2.74 

6 

 

 
98.14 

 
5.83 ± 0.59 

7 

 

 
100.00 

 
2.60± 0.64 

8 

 

 
84.14 

 
5.30 ± 0.50 

9 

 

 
- 

 
- b 

10 

 

 
1.00 

 
- b 

11 

 

 
 
42.09 

 
 
- b 

Acarbose   836.00 ± 47.19 

a IC50 value was expressed as mean ± SD from three independent experiments. 
b IC50 value was not tested if the inhibition rate was less than 70% at 50μM. 
 
Kinetic study of 7 and -glucosidase 

The enzyme kinetics study of 7 was performed to understand the inhibition mode of 
the compound against -glucosidase. The kinetic study was carried out using different 
concentrations of the substrate p-nitrophenyl--D-glucosidase (PNPG) at 0.38, 0.19, 0.01, 
and 0.05 mM in the presence and absence of the inhibitors with varying concentrations. The 
result was analyzed with Lineweaver-Burk plots. It was found that Km increased whereas 
Vmax was unchanged, indicating that 7 inhibition mode was competitive with -glucosidase. 
The Ki value of 14.64 M was calculated using secondary replot of the Lineweaver-Bruk plot 
against the varying concentrations of the inhibitors at 0.00, 2.60 and 5.20 M. 
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Figure 1. Kinetic study of 7. The Lineweaver-Burk plot for -glucosidase inhibition and 
plots of slope against different concentration of 7 for Ki determination.  
 
 
Conclusion:  

Ten naphthoquinone aliphatic esters derivatives were successfully synthesized, 
characterized, and evaluated for α-glucosidase inhibitory activity. Four derivatives (5, 6, 7 and 
8) displayed potential inhibition with the IC50 values ranging from 36.48±2.74 to 2.6±0.64 µM 
better than the staring material and the positive control, acarbose. The SARs indicates that 
increase in the carbon chain length of the aliphatic carbons increased the inhibition of the -
glucosidase.  
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Abstract:  
Based on the concept of fuzzy semibipolar soft set theory, in this paper, we propose the 
operations on fuzzy semibipolar soft sets. At this point, the union and intersection of two 
fuzzy semibipolar soft sets are introduced and provide an example to illustrate the newly 
established ideas. We then verify the properties of idempotent, identity, commutative, 
associative, absorption, and distributive. In ordered groupoids, we investigate fuzzy 
semibipolar soft left (resp., right) ideals via the union and intersection. To support such an 
examination, we also present the product of two fuzzy semibipolar soft sets.  
 
Introduction:  
The concept of fuzzy set theory, generated by Zadeh [1], is an important mathematical tool 
for the development of algebraic research areas. It is an effective function used for the 
description or support of the study of algebraic structures. In the first step of the 
development, in 1971, the concept of fuzzy groups was proposed by Rosenfeld [2]. 
Therefore, the study based on the fuzzy set theory of other structures such as groupoids, 
semigroups, rings, and so on has attracted many researchers. At this point, Kuroki [3] 
proposed the notion of fuzzy ideals and fuzzy bi-ideals in semigroups. In further focus, we 
know that Molodtsov’soft set theory [4] is one of an extended notion of fuzzy set theory. The 
algebraic structure is also connected with such an extension. The concept of soft groups is an 
initial idea generated by soft set theory. This concept was proposed by Aktas and Cagman [5] 
in 2007 and their properties extend the notion of a group to include the algebraic structures of 
soft sets. Acar et al. [6] introduced the concept of soft rings in 2010. In the same year, Ali et 
al. [7] presented the notion of soft semigroups. As examined, observed that the ideal theory is 
an important section of these developed notions. 
 Recently, the concept of fuzzy semibipolar soft sets given by Prasertpong [8] is 
proposed as an extended notion of fuzzy sets and soft sets. Then, in this paper, the 
combination of ideal theory and such an extended notion is considered. The concept of fuzzy 
semibipolar soft left (resp., right) ideals, generated in [8], is verified via the union and 
intersection operation of two fuzzy semibipolar soft sets. The remainder of this paper is 
organized as follows. In the preliminary section, we shall review some of the earlier 
definitions and results for the background. In the result section, the contributions of the 
section are as follows. 

1. We introduce the union and intersection operation of two fuzzy semibipolar soft sets 
and consider the corresponding example. 

2. We investigate the properties of idempotent, identity, commutative, associative, 
absorption, and distributive based on the union and intersection concepts. 

3. We establish the product of two fuzzy semibipolar soft sets in ordered semigroups. 
4. We investigate fuzzy semibipolar soft left (resp., right) ideals via the union and 

intersection. At this point, it is proved by using the product of two fuzzy semibipolar 
soft sets. 

In the end, conclusions are summarized in the last section.  
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Preliminaries:  
In this section, we first recall some properties and definitions which will be used in 
subsequent sections. Throughout this work, , ,A B  and U  denote non-empty sets. 
 
Definition 1. [1] f  is said to be a fuzzy subset of U  if it is a function from U  to the closed 
unit interval  0,1 . Throughout this paper, ( )UF  denotes a collection of all fuzzy subsets of 

.U  For all ,u U  1U  is denoted as a fuzzy subset of U  defined by ( )1 1=U u , and 0U  is 

denoted as a fuzzy subset of U  defined by ( )0 0.=U u  For ( ), ,f g UF  let , , f g f g  
and +f g  be fuzzy subsets of U  defined by  

( )( ) ( ) ( ) : max , ,f g u f u g u =  

( )( ) ( ) ( ) : min , ,f g u f u g u =  
and 

( )( ) ( ) ( ):f g u f u g u+ = +  

for all .u U  For ( ), ,f g UF  we write f g  instead of ( ) ( )f u g u  for all .u U  In this 

way, the statement f g  means .g f  
 
Remark 1. [1] According to Definition 1, it is obvious that 1U  is the greatest element of 

( ) ,UF  and 0U  is the least element of ( ).UF  
 
Proposition 1. [9] Let  : if i I  be a non-empty family of all fuzzy subsets of .U  Define 

( )( ) ( ) : sup :i I i if u f u i I =   

and  
( )( ) ( ) : inf :i I i if u f u i I =   

for all .u U  Then ( ), .  i I i Ii if f UF  Furthermore,  

 sup : = i I i if f i I   
and 

 inf : . = i I i if f i I  
 
Definition 2. [8] A triple ( ), , A  is said to be a fuzzy semibipolar soft set over U  with 

respect to A  if ( ): →A UF  and ( ): →A UF  are disjoint functions such that 

( ) ( ) 1+ = Ua a  for all .a A  Throughout this work, ( )U AC  is denoted as the 
collection of all fuzzy semibipolar soft sets over U  with respect to .A  
 
Definition 3. [8] Let ( ) ( ): , ,=  A U AF C  and ( ) ( ): , , .=  B U BG C  We say 
that F  is a fuzzy semibipolar soft subset of ,G  denoted by ,F G  if it satisfies two 
conditions below. 

1. .A B  
2. ( ) ( )a a  and ( ) ( )  a a  for all .a A  

The statement F =G  means F G  and .G F  
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Definition 4. [8] If ( ) ( ): , ,=  A U AF C  is defined by ( ) 1= Ua  and ( ) 0 = Ua  for 
all ,a A  then F  is said to be a relative whole fuzzy semibipolar soft set over U  with 
respect to .A  Throughout this paper, we denote ( ): , ,= A A A AW  instead of a relative 
whole fuzzy semibipolar soft set over U  with respect to .A  
 
Definition 5. [8] If ( ) ( ): , ,=  A U AF C  is defined by ( ) 0= Ua  and ( ) 1 = Ua  for 
all ,a A  then F  is said to be a relative null fuzzy semibipolar soft set over U  with respect 
to .A  Throughout this paper, we denote ( ): , ,= A A A AN  instead of a relative null fuzzy 
semibipolar soft set over U  with respect to .A  
 
Definition 6. [10] A groupoid is a non-empty set A  together with a binary operation   on 

,A  denoted by ( ), .A  If ( ),A  is a groupoid, then we write ab  instead of a b  for all 
, .a b A   

 
Definition 7. [10] Let A  be a binary relation on .A  An ordered groupoid, denoted by 

( ), , , AA  is a groupoid ( ),A  whose elements of A  are partially ordered by A  satisfying 
with the property that for all , , , Aa b x A a b   implies Axa xb  and .Aax bx  
 
Definition 8. [8] Let ( ), , AA    be an ordered groupoid. ( ) ( ): , , A U A=  F C  is called 
a fuzzy semibipolar soft left ideal if it satisfies two conditions below. 

1. ( ) ( )ab b  and ( ) ( )  ab b  for all , .a b A  

2. For all , , Aa b A a b  implies ( ) ( )a b  and ( ) ( ). a b  
 
Definition 9. [8] Let ( ), , AA    be an ordered groupoid. ( ) ( ): , , A U A=  F C  is called 
a fuzzy semibipolar soft right ideal if it satisfies two conditions below. 

1. ( ) ( )ab a  and ( ) ( )  ab a  for all , .a b A  

2. For all , , Aa b A a b  implies ( ) ( )a b  and ( ) ( ). a b  
 
Results:  
In this section, we find the fuzzy semibipolar soft left (resp., right) ideals via operations. 
 
Definition 10. Let ( ) ( ) ( ): , , , : , , .=  =  A A U AF G C  

1. We say that ( ) ( )( ): , , =    AF G  is a fuzzy semibipolar soft union over 

U  with respect to A  if ( )  U AF G C  is defined by  

( )( ) ( ) ( ) = a a a  
and 

( )( ) ( ) ( )  =  a a a  
for all .a A   
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2. We say that ( ) ( )( ): , , =    AF G  is a fuzzy semibipolar soft intersection 

over U  with respect to A  if ( )  U AF G C  is defined by  

( )( ) ( ) ( ) = a a a  
and 

( )( ) ( ) ( )  =  a a a  
for all .a A   

 
Example 1. Suppose that ( ) ( ) ( ): , , , : , ,=  =  A A U AF G C  are defined by 

( ) ( )1= = Ua a   
and 

( ) ( )0 = =Ua a  
for all .a A  Then, it is easy to see that 

( )( ) ( ) ( ) 1 =  = Ua a a   
and 

( )( ) ( ) ( ) 0  =  = Ua a a  
for all .a A  Observe that 

( )( ) ( )( ) 1 0 1 +  = + =U U Ua a  
for all .a A  Thus 

( ) ( )( ) ( ), , . =    A U ACF G:   
Moreover, we obtain that . = AF G W  Consider, 

( )( ) ( ) ( ) 0 =  = Ua a a   
and  

( )( ) ( ) ( ) 1  =  = Ua a a  
for all .a A  We see that 

( )( ) ( )( ) 0 1 1 +  = + =U U Ua a  
for all .a A  Whence 

( ) ( )( ) ( ): , , . =    A U ACF G  
Obviously, . = AF G N  
 
Theorem 1. Let ( ) ( ) ( ) ( ): , , , : , , , : , , .=  =  =  A A A U AF G H C  Then, the 
following properties hold. 
 

1. Idempotent laws: 
, =F F F  

 =F F F.  
2. Identity laws: 

, , =  =A A AF W W F W F  
, . =  =A A AF N F F N N  

3. Commutative laws: 
, = F G G F  
. = F G G F  
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4. Associative laws: 
( ) ( ) ,  =  F G H F G H  

( ) ( ) .  =  F G H F G H  
5. Absorption laws: 

( ) ,  =F F G F  

( ) .  =F F G F  
6. Distributive laws: 

( ) ( ) ( ) ,  =   F G H F G F H  

( ) ( ) ( ).  =   F G H F G F H  
 
Proof. We consider the following proofs. 

1. We have  =F F F.  Indeed, since 
( ) ( )( )( ) ( )( ) ( )( ) max ,a a u a u a u =  

and 
( )( ) ( )( )  ( )( )max ,a u a u a u=  

for all , ,a A u U   we have 
( ) ( ) ( )a a a =  

for all .a A  Thus 
( )( ) ( ) ( ) ( )a a a a =  =  

for all .a A  Since 
( ) ( )( )( ) ( )( ) ( )( ) min ,a a u a u a u  =    

and 
( )( ) ( )( )  ( )( )min ,a u a u a u  =  

for all , ,a A u U   we have 
( ) ( ) ( )a a a  =   

for all .a A  Hence 
( )( ) ( ) ( ) ( )a a a a  =  =   

for all .a A  Therefore  =F F F.  Similarly, we can prove that  =F F F.  
 

2. We have A A =F W W .  Indeed, since 

( ) ( )( )( ) ( )( ) ( )( ) max ,A Aa a u a u a u =  
and 

( )( ) ( )( )  ( )( ) ( ) 
( )( ) 

( )
( )( )

max , max ,1

max ,1

1
1

A U

U

A

a u a u a u u

a u

u

a u

=

=

=

=

=

 

for all , ,a A u U   we see that 
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( ) ( ) ( )A Aa a a =  
for all .a A  Thus 

( )( ) ( ) ( ) ( )A A Aa a a a =  =  
for all .a A  Since 

( ) ( )( )( ) ( )( ) ( )( ) min ,A Aa a u a u a u  =    
and 

( )( ) ( )( )  ( )( ) ( ) 
( )( ) 

( )
( )( )

min , min ,0

min ,0

0
0

A U

U

A

a u a u a u u

a u

u

a u

  = 

= 

=

=

= 

 

for all , ,a A u U   we have 
( ) ( ) ( )A Aa a a  =   

for all .a A  Hence 
( )( ) ( ) ( ) ( )A A Aa a a a  =  =   

for all .a A  Therefore A A =F W W .  In the same way, we can show that the 
remainder arguments are true. 
 

3. We have . = F G G F  Indeed, since  
( ) ( )( )( ) ( )( ) ( )( ) 

( )( ) ( )( ) 
( ) ( )( )( )

max ,

max ,

a a u a u a u

a u a u

a a u

 =

=

= 

 

for all , ,a A u U   we have 
( ) ( ) ( ) ( )a a a a =   

for all .a A  Thus 
( )( ) ( ) ( )

( ) ( )
( ) ( )

a a a

a a

a

 = 

= 

= 

 

for all .a A  Since 
( ) ( )( )( ) ( )( ) ( )( ) 

( )( ) ( )( ) 
( ) ( )( )( )

min ,

min ,

a a u a u a u

a u a u

a a u

  =  

=  

=  

 

for all , ,a A u U   we have 
( ) ( ) ( ) ( )a a a a  =    

for all .a A  Hence 
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( ) ( ) ( ) ( )
( ) ( )

( ) ( )

a a a

a a

a

  =  

=  

=  

 

for all .a A  Therefore . = F G G F  Similarly, we can prove that . = F G G F  
 

4. We have ( ) ( )  =  F G H F G H.  In fact,  

( )( )( ) ( ) ( )( )
( ) ( ) ( )( )
( ) ( )( ) ( )

( )( ) ( )
( )( )( )

a a a

a a a

a a a

a a

a

  =  

=  

=  

=  

=  

 

and 
( )( )( ) ( ) ( )( )

( ) ( ) ( )( )
( ) ( )( ) ( )

( )( ) ( )
( )( )( )

a a a

a a a

a a a

a a

a

   =   

=    

=   

=   

=   

 

for all .a A  Similarly, we can prove that ( ) ( ) .  =  F G H F G H  
 

5. Obviously, ( ).  F F F G  Conversely, observe that . F G F  By 1, we have 

( ) .    =F F G F F F  

It follows that ( ) .  =F F G F  By 1, once again, we can show that ( ) .  =F F G F  
 

6. We have ( ) ( ) ( ).  =   F G H F G F H  In fact,  

( )( )( ) ( ) ( )( )
( ) ( ) ( )( )
( ) ( )( ) ( ) ( )( )

( )( ) ( )( )
( ) ( )( )( )

a a a

a a a

a a a a

a a

a

  =  

=  

=   

=   

=   

 

and 
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( )( )( ) ( ) ( )( )
( ) ( ) ( )( )
( ) ( )( ) ( ) ( )( )

( )( ) ( )( )
( ) ( )( )( )

   =   

=    

=     

=    

=    

a a a

a a a

a a a a

a a

a

 

for all .a A  In the same way, we can verify that ( ) ( ) ( ).  =   F G H F G F H  
 
In the following, ( ): , ,=  AA A  is denoted as an ordered groupoid. 
 

Theorem 2. If ( ) ( ) ( ): , , , : , ,=  =  A A U AF G C  are fuzzy semibipolar soft left 

(resp., right) ideals, then ( )  U AF G C  is a fuzzy semibipolar soft left (resp., right) 
ideal. 
 
Proof. Suppose ( ),  U AF G C  are fuzzy semibipolar soft left ideals, and let , .a b A  Then 

( )( ) ( ) ( )
( ) ( )

( )( )

 = 

 

= 

ab ab ab

b b

b

 

and  
( ) ( ) ( ) ( )

( ) ( )
( ) ( ).

  =  

  

=  

ab ab ab

b b

b

 

Suppose .Aa b  Then ( ) ( ) ( ) ( ) ( ) ( ), , ,    a b a b a b  and ( ) ( ).  a b  
Thus  

( )( ) ( ) ( )
( ) ( )

( ) ( )

 = 

 

= 

a a a

b b

b

 

and 
( ) ( ) ( ) ( )

( ) ( )
( ) ( ).

  =  

  

=  

a a a

b b

b

 

Hence ( )  U AF G C  is a fuzzy semibipolar soft left ideal. 
 
Definition 11. Let ( ) ( ) ( ): , , , : , ,=  =  A A U AF G C  be given. We say that a triple 

( ) ( )( ): , ,=  AF G  is a fuzzy semibipolar soft product over U  with respect to A  

if ( ) U AF G C  is defined by  

202



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

( )( ) ( ) ( ) ( )( ), if ,

0 if ,
ax y R a

U a

x y R
a

R
   = 

=
 

and 

( )( ) ( ) ( ) ( )( ), if ,

1 if ,
ax y R a

U a

x y R
a

R
     = 

=
 

for all .a A  At this point, ( ) : , | .=   a AR x y A A a xy  
 
Lemma 1. Let ( ) ( ): , , .=  A U AF C  Then, the following statements hold. 

1. ( )( ) ( )A ab b  and ( )( ) ( )  A ab b  for all , .a b A  

2. ( )( ) ( )A ab a  and ( )( ) ( )  A ab a  for all , .a b A  

3. ( )( ) ( )( )A Aab b  and ( )( ) ( )( )  A Aab b  for all , .a b A  

4. ( )( ) ( )( )A Aab a  and ( )( ) ( )( )  A Aab a  for all , .a b A  
5. For all , , Aa b A a b   implies 

( )( ) ( )( )A Aa b  and ( )( ) ( )( ).  A Aa b  
6. For all , , Aa b A a b   implies 

( )( ) ( )( )A Aa b  and ( )( ) ( )( ).  A Aa b  
7. For all , ,a b A  

( )( )( ) ( )( )( )  A Aab b  
and  

( )( )( ) ( )( )( ).   A Aab b  
8. For all , ,a b A  

( )( )( ) ( )( )( )  A Aab a  
and 

( )( )( ) ( )( )( ).   A Aab a  
 
Proof. It is not hard to prove that the statements 1-4 are true. We consider the following 
proofs of the statements 5-8. 
 

5. Let , .a b A  Suppose that .Aa b  Then, we consider the following two cases. 
Case 1. Suppose .=bR  Then 

( )( ) ( )( )0= A U Ab a  and ( )( ) ( )( )1 . =  A U Ab a  
Case 2. Suppose .bR  Then 

( )( ) ( ) ( ) ( )( ) ( ) ( )( ), ,b bx y R x y RA Ab x y y =  =  
and 

( )( ) ( ) ( ) ( )( ) ( ) ( )( ), , .
b bx y R x y RA Ab x y y  =   =   

Suppose that ( ), . bx y R  Then . A Aa b xy  Thus ( ), . ax y R  Hence  

203



2  (Full paper template) 
 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

( )( ) ( ) ( ) ( )( )
( ) ( )

( )

, aw z RA A

A

a w z

x y

y

= 

 

=

 

and 
( )( ) ( ) ( ) ( )( )

( ) ( )
( )

,

.

aw z RA A

A

a w z

x y

y

 =  

  

= 

 

Hence ( )( ) ( )A a y  and ( )( ) ( )  A a y  for all ( ), . bx y R  Whence 

( )( ) ( ) ( )( ) ( )( ), bx y RA Aa y b =  
and 

( )( ) ( ) ( )( ) ( )( ), .
bx y RA Aa y b   =  

The proof is complete. 
 

6. The proof is similar to that of 5. 
 

7. Let , a b A  be given. Then, it is easy to see that ( ). A AW F F W F  Hence  

( )( )( ) ( )( ) A Aab ab  and ( )( )( ) ( )( ).  A Aab ab  
By 1 and 3, we have  

( )( )( ) ( )( )
( ) ( )( )

( )( )( )

 

 

= 

A A

A

A

ab ab

b b

b

 

and  
( )( )( ) ( )( )

( ) ( )( )
( )( )( ).

   

  

=  

A A

A

A

ab ab

b b

b

 

 
8. The proof is similar to that of 7, which is easily obtained by 2 and 4.  

Thus, we omit here. 
 
Theorem 3. Let ( ) ( ): , , A U A=  F C  be defined as follows: for all , ,a b A   

Aa b  implies ( ) ( )a b  and ( ) ( ).  a b  
 Then, the following statements hold. 

1. ( ) ( ) A U AF W F C  is a fuzzy semibipolar soft left ideal. 

2. ( ) ( ) A U AF F W C  is a fuzzy semibipolar soft right ideal. 
 
Proof. We consider the following proofs. 

1. Let , a b A  be given. Then, by Lemma 1 (7), we get that 
( )( )( ) ( )( )( )  A Aab b  

and  
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( )( )( ) ( )( )( ).   A Aab b  

 Suppose .Aa b  Then ( ) ( )a b  and ( ) ( )  a b  due to the property of F.   
Moreover, we get that 

( )( ) ( )( )A Aa b  and ( )( ) ( )( )  A Aa b  
due to Lemma 1 (5). Thus 

( )( )( ) ( ) ( )( )
( ) ( )( )

( )( )( )

 = 

 

= 

A A

A

A

a a a

b b

b

 

and  
( )( )( ) ( ) ( )( )

( ) ( )( )
( )( )( ).

  =  

  

=  

A A

A

A

a a a

b b

b

 

Therefore ( ) AF W F  is a fuzzy semibipolar soft left ideal. 
 

2. The proof is similar to that of 1, which is easily obtained by Lemma 1 (6 and 8). Thus, 
we omit here. 

 
Conclusion:  
From the constructions of union and intersection concepts in this paper, we got that the 
intersection of two fuzzy semibipolar soft left (resp., right) ideals is a fuzzy semibipolar soft 
left (resp., right) ideal. Moreover, the union of two fuzzy semibipolar soft sets is a fuzzy 
semibipolar soft left (resp., right) ideal via the generated fuzzy semibipolar soft product. 
Based on this research, the given basic operations can be supported to solve the problem of 
uncertainty or vagueness of data classification. In structural development, some results of this 
work are fundamental for the semigroup concept which other systems can be used also. 
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Abstract:  
LINE Chatbot's application supports the maintenance of IT equipment to study the accuracy, 
intentional dialogue and user satisfaction using LINE Platform. Dialogflow and LINE 
Messaging API in development Designed for chatbots with FAQ behavior from the system 
test, it has an accuracy of 85.5% and the overall satisfaction is at the highest level, with an 
average of 4.31. That is easily interesting, has the highest average of 4.65, and the technical 
support group found that the ability to reduce the use of memory resources on Smartphones 
and the ability to remember how to use them easily have the highest average of 4.64 and 
found that being a friend can be done without errors and can chat naturally. Has the lowest 
standard deviation of 0.005. From the results, it can be said that the developed chatbot is a 
good, efficient system. Interesting to use. Regarded as the LINE Platform Dialogflow is a 
technology that has a future and has a high chance of being popular. Can develop a variety of 
systems according to the needs of developers in the future. 
 
Introduction:  
Working in the field of information technology equipment maintenance may be commonly 
referred to as IT support, technical support, technical service engineer or technician, and is 
currently one of the most popular job positions. The importance of work having roles and 
responsibilities in maintaining equipment such as computers, printers, UPS and network 
equipment. Technical skills are developed through instruction, education, or on-the-job [1]. 
Throughout the past, there have been attempts to find methods or create tools to support 
operations and reduce errors in service through various methods, such as creating manual 
documents that include paper documents, digital files, web applications or others. Including 
searching for information on the internet to update additional new information as current 
work practices and information from experts or product owners. 
Chatbots are systems that are gaining attention and have been developed and widely used to 
support various works that will help support facilitate and reduce operating costs. Chatbots 
generate responses by combining pre-existing knowledge acquired from a vast amount of 
training data with information and patterns present in the task that they are asked to complete 
[2]. It can be developed or applied to help recommend operational guidelines for maintaining 
information technology equipment in the form of automatic conversational interactions and 
can reply to conversations immediately or in real-time. Chatbots are different from manuals 
that are documentation. Manual in digital web application format including searching for 
information on the internet, which has steps to search before getting the information you want 
or asking for advice from various experts via chat that may not be possible immediately.  The 
introduction of Artificial Intelligence (AI) technology has enabled chatbot systems to respond 
automatically and in real-time to people who want to consult or request information to solve 
problems. Artificial Intelligence is a rapidly growing field that is transforming many aspects 
of our lives [3]. With the development of artificial intelligence technology, chatbots are 
considered to possess unprecedented commercial potential [4]. By typing a message into the 
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chatbot system which is convenient and quick to use. From past research studies, satisfactory 
results have been obtained in terms of artificial intelligence technology that is easy to use and 
can be applied in a variety of hardware, software, applications, and various frameworks.  
 From the above, we have seen the idea of using chatbots as a conversational support 
tool to communicate with each other at present and in the near future. LINE application that 
has LINE chatbot features will help to increase the ability of LINE application to 
automatically respond to conversations by using Dialog Flow, which is an artificial 
intelligence technology that has been designed on the LINE application platform. A chatbot 
system based on a DialogFlow and Line application for graduate school electronic services 
achieved 83.43 percent user feedback and 88 percent user confidence. [5] 
 This study aims to use the LINE application to apply the LINE chatbot model, 
which is the development of a Has AI no Call chatbot. Chatbot is an AI-based approach using 
Dialog Flow, which is an artificial intelligence technology or a powerful tool for developing 
conversational robot systems. Based on research on the effectiveness of tools for developing 
automated conversational robot systems by Konstantin Savenkov, co-founder and CEO of 
Inten.to.  
 
Methodology:  
The researcher’s design and guidelines for developing the LINE chatbot system to support IT 
equipment maintenance operations, there are 3 processes as in Figure 1; 1.) Research study 
and data collecting 2.) Design and development and 3.) Evaluation 
 

 
Figure 1.  

An overview of the research process for developing the LINE chatbot system.  
 

1. Research study and data collecting is a process for searching for various 
information related to the development of the LINE chatbot system. This process can be 
described as follows. 
 1.1 Research study (theory, platform and type of chatbot). As in Figure 2, study the 
data that will be used in developing the chatbot system and applying various principles or 
theories. Related to research studies, the researcher considers that the LINE and Dialog Flow 
applications are good and appropriate platforms for developing and can develop a Has AI no 
Call flow chatbot system very well. 
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Figure 2.  

The process for studying data to develop the LINE chatbot system. 
 

 1.2 Collect data from data sources (experts, internet, product owners, transactions 
and users). Has AI no Call chatbots work according to facts collection or prediction. 
Upcoming groups of questions and answers must be stored in the Dialog Flow in advance. As 
in Figure 3, there are various data sources such as experts, the internet, product owners, 
transactions and users.  In this process, the question and answer groups will be given by 
knowledgeable and experienced people who are experts in IT equipment maintenance. 
Information on the internet that is used to solve problems from product owners directly 
through the service. Information from successful problem-solving from the system, which is a 
recording or reporting system. Users use the chatbot system to collect new questions or 
problems that don't yet exist in the chatbot system. 
 

 
Figure 3.  

The process for collecting conversation data in the LINE chatbot system. 
 

 2. Design and development of the LINE chatbot system. 
 2.1 DialogFlow design. The development of LINE's chatbot system will include the 
Line application or LINE platform, LINE Messaging API, DialogFlow or DialogFlow 
Platform. The LINE Messaging API is responsible for connecting and sending user 
information to Dialog Flows. So that the DialogFlow can search or query data based on 
requests from users. The system task available in DialogFlow is to collect or predict 
upcoming groups of questions and answers that will be stored in DialogFlow. After 
DialogFlow can query information as requested by users, DialogFlow is responsible for 
sending that information through the LINE Messaging API to the LINE platform for users to 
use that information further. 
 2.2 Filtering data for conversation interactions. Filtering data to respond to 
conversations, DialogFlow works on LINE's chatbot system to validate conversations using 
natural language processing (NLP), machine learning (ML) and other principles. Applied 
Linguistics to compare Sentences or texts (TF-IDF). 
 2.3 Defining questions data groups and answer data groups for discussions. 
Developing the LINE chatbot system using the method of defining question data groups and 
answer data groups to use in conversational interactions by creating intent based on failure 
functions or problem characteristics of IT equipment. These data were obtained from the 
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work of the sample used in this study and continue to create an increasing number of intents 
based on data received from users of the Dialog Flow system, recording user conversation 
information in history. This allows developers to use that data to train chatbots to interact 
with the topic via the training menu. 
 2.4 Develop a chatbot system. After preparing the question and answer information, 
the next process is to develop the chatbot system which relies on two main development 
platforms: LINE Platform and Flow Platform Dialogs. This means that you will need to 
prepare or have a working LINE application, and an E-mail of Gmail for login to access the 
Flow dialog box. 
 3. Evaluation. After developing the LINE chatbot system to support IT equipment 
maintenance operations., the researchers evaluated the accuracy of LINE's chatbot system in 
responding to desired conversations and assessed user satisfaction. 
 3.1 Calculate recall precision and accuracy. A study to evaluate the processing 
accuracy of the required conversation interactions of the developed IT system supporting the 
maintenance operations of the LINE chatbot device. This will be evaluated on the 
effectiveness of machine learning. The classification model is used to describe the 
performance of the binary classifier model, the confusion matrix is used as a tool to describe 
and calculate the system performance evaluation results. In this study, recall, precision and 
accuracy values will be calculated. 
 3.2 Usability test evaluation. The Questionnaire designed to assess satisfaction with 
using the system, is divided into 5 areas: learnability, efficiency, memorability, correctness 
and few errors and user satisfaction. 
 
Results and Discussion:  
From a study of the development of LINE's chatbot system for use in conversational 
interactions to support IT equipment maintenance operations, this system was named “BOT 
SITMT” (Bot Support IT Maintenance Tasks). The bot can interact with users in a good and 
satisfying. The ability to recommend or distribute bots to interested users can be done by 
adding bots as friends in the LINE application. The system will be able to provide advice and 
techniques for solving hardware problems, basic software and internet usage problems. 
 For the results of evaluating the efficiency and accuracy of the system according to 
the binary classifier model from testing conversation interactions separated by intent (intent 
classification) of 10 intentions which were divided into 2 parts with 100 conversations each, 
totaling 200 conversations. 
 The test will be conducted by having a conversation with the LINE chatbot system 
using messages or conversation sentences that contain both the same sentences and 
conversation sentences. Those are different or similar to the sentences specified in the 
question or question group. The same number of values is defined in the intents of the system 
flow dialog to test the correctness of the system's processing which the same conversation is 
used for every character. The interaction flow is 100% accurate.  From evaluating the 
performance of the system, it was found that the recall value was at the level of 84% - 87% 
and the precision value was at the level of 84.46% - 86.59%  when calculating these results to 
find the accuracy value, it was 85.5%, which is considered to be average system processing 
accuracy. It is considered that the development of LINE's chatbot system was a satisfactory 
success. This test score can be seen as detailed in Figure 4, most score between 8 and 9.  
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Figure 4.  

The results of testing the accuracy of LINE's chatbot system. 
 When the results obtained from testing the functionality of the LINE chatbot system 
are all calculated, summed up and arranged in a format according to the confusion matrix 
guidelines for use in further calculations. It will be shown as shown in Figure 5. 

 A B  

 

A 

TP 

87 

FN 

16 

 

Precision  

B 

FP 

13 

 

TN 

84 

 

 Recall 

 

 

Figure 5.  
The results of testing the accuracy of LINE's chatbot system. 

 
 From Figure 5, the system performance test results can be used to calculate the 
accuracy as shown in Table 1. 
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Table 1. 
The recall, precision and accuracy calculation of LINE's chatbot system. 

 
Recall A = 87 / (87+13) = 87 / 100 

                 = 0.87 or 87% 

Recall B = 84 / (84+16) = 84 / 100 

                 = 0.84 or 84% 

Precision A = 87 / (87+16) = 87 / 103 

                     = 0.84466 or 84.46% 

Precision B = 84 / (84+13) = 84 / 97 

                     = 0.86597 or 86.59% 

Accuracy = (87+84) / (100+100) = 171 / 200  

                   = 0.855 or85.5% 

 

 From Table 1, it can be explained that Recall A outperforms Recall B at 87%, a 
difference of 3%. Recall B has an efficiency of 84%. In terms of accurate calculations, it was 
found that Precision B received better calculation results than Precision A at 86.59%, with 
Precision A receiving calculation results at 84.46%. If we compare the best results of the two 
values (Recall A and Precision B), the difference is 0.40%. And if we compare the results of 
other values with smaller results the difference was found to be 0.47%.  It can be seen that the 
difference between the two results is 0.07%, and if the difference between the two is 
calculated to find the average, the result is 0.435%. This value may indicate stability, the 
correctness or stability of the system's operation. From the results of this study, it was found 
that in 200 tests, the system worked or processed correctly according to the set requirements 
171 times. There were 29 errors, and when the results were calculated to find the average, the 
result was 0.855 or 85.5%. It can still be considered that the LINE chatbot system developed 
is highly efficient and satisfactory. 
 Results of user satisfaction assessment when using LINE chatbots to help or support 
IT equipment maintenance work. A research study using a questionnaire to assess the 
satisfaction of the target group. The average score of this research study was divided into 4 
areas as follows: 

 1. Overall satisfaction results of both target groups. 
 2. Satisfaction results of the target group of general users. 
 3. Satisfaction results of the target group of technical support. 
 4. Results of comparing the mean scores and standard deviations (SD) between the 

target groups of general users and technical supporters. 
 For the overall satisfaction results of both target groups, evaluation of service user 
satisfaction using questionnaires, the target group of this research is 62 people, divided into 2 
subgroups: 1.) General user group (Users) 37 people and 2.) Technical Support group 
(Technical Support) 25 people. Population criteria for considering an average of 4.21 - 5.00 
means the highest level of satisfaction. An average of 3.41 - 4.20 is considered to be a high 
level of satisfaction. An average of 2.61 - 3.40 is considered to be at a moderate level of 
satisfaction. An average of 1.81 - 2.60 means that there is satisfaction. Satisfied at a low level 
and an average of 1.00 - 1.80 means the lowest level of satisfaction. 
 From the research study, it was found that the results were satisfactory. The total 
number received by both target groups according to the consideration criteria that have 
already been determined. The average is at the highest level of satisfaction. In terms of 
benefits of use received the highest average score of 4.61, followed by the ability to easily 
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remember how to use. An average score of 4.60  it is about using voice commands effectively 
and being able to respond correctly. The lowest average was 4.35, followed by being able to 
work without errors.  
 Satisfaction results of the target group of general users, when classifying the scores 
of the target group of 37 general users from the average scores according to the specified 
criteria, it was found that they were at the highest level of satisfaction. With the matter of 
being able to easily distribute it to other interested users, the highest average is 4.65. The 
issue of ease of use and utility had an average score of 4.62 that could be answered correctly. 
The lowest average was 4.30, followed by the understanding of the help system.  
 Satisfaction results of the target group of technical support. When categorizing the 
scores of the target group of 25 technical supporters from the average scores according to the 
criteria set for consideration, they were at the highest level of satisfaction. Both in helping 
reduce the use of memory resources on the smartphone and being able to remember how to 
use it easily with the highest average is 4.64. The second is the ability of the help system to 
understand both in terms of utility and necessity for actual use in the future had an average 
score of 4.60 while the test subjects were able to use voice commands effectively. The lowest 
average was 4.16. When considered according to the criteria that have been set, is considered 
to be a high satisfaction rating. The second is that it is easy to use. The average is 4.36. 
 Results of comparing the mean scores and standard deviations between the target 
groups of general users and technical supporters. In addition, when comparing the average 
scores of the two target groups. It was found that the standard deviation was very low, less 
than 0.10, in 6 data or subjects. Standard deviation can refer to the reliability of data that can 
indicate the accuracy of data obtained from the same questionnaire or the direction of data 
from two target groups. The lowest standard deviation is the most reliable value and the 
maximum standard deviation likely to be the most reliable. It was found that information or 
adding friends can be done without errors and conversations can be made naturally. The 
standard deviation is at the lowest level of 0.00 or approximately 0.005. The second is the 
ability to properly interact with users and be able to work immediately, the standard deviation 
was 0.01. Third was the ability to easily converse and request necessary information. The 
ability to work without errors and be useful in use with a standard deviation of 0.02. Fourth is 
ease of learning, ability to use systems using resources efficiently, future practical needs and 
attractiveness of use, it had a standard deviation of 0.04. Fifth place is the ability to quickly 
interact with users, you can easily remember how to use it and when you haven't used it for a 
while you still remember how to use it, had a standard deviation of 0.05 and finally ranked 
6th is the ability to help reduce the use of memory resources on smartphones, the standard 
deviation is 0.07. 
 While the matter of being able to use voice commands effectively, the standard 
deviation is at the highest level of 0.23. Support system which can be explained 
understandably, the standard deviation is 0.19. This may indicate that the data may be less 
reliable as a result of the data or results obtained from the same questionnaire for both target 
groups in a way that is different or has a high standard deviation but is still at a very low 
level. 
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Conclusion:  
From studying and developing the LINE chatbot application to support IT equipment 
maintenance work which is a chatbot system that was developed to help, advice, or 
suggestions on how to analyze and find the cause of problems that occur with IT equipment 
and repairs or fix additional problems to help reduce operational errors. The results of the 
study can be summarized into 4 areas as follows: 
 1. This study and development of LINE chatbots was successful. The system can be 
used according to the set goals at a satisfactory level. 
 2. The accuracy evaluation result of 85.5% is at a satisfactory level, exceeding 
expectations. It is considered a good sign or shows the efficiency of the system and 
technology used in development that can be further developed to be even more efficient than 
before and can be applied in the future. 
 3. Developing a chatbot on the LINE application or LINE platform. From a 
satisfaction study from a sample group, very satisfactory results were obtained. The results 
had an average score level that was in the most satisfactory range. Overall, the average score 
was 4.31. 
 4. The working or conversational response of LINE's chatbot system from the study 
results from the sample group is still consistent with past research mentioned above. The 
system can converse naturally, correctly and appropriately, etc. according to the research 
mentioned above. 
 
Discussion of results 
The work of the developed chatbot is satisfactory to a certain extent, able to interact with 
users quickly and on time. It takes time when the system still does not respond to the user's 
needs or intentions, which may be due to low levels of training and information on the system 
and techniques or processes that developers use in development that may not be good or 
appropriate. However from the overall evaluation study, it can be considered that the system 
can work satisfactorily. 
 LINE Platform and Dialog Flow are interesting tools or technologies. It is often 
used in developing chatbot systems to help with call center operations. In addition, the 
chatbot system will be another channel to help serve customers by providing advice, solving 
problems, or other services related to government agencies, private organizations, business 
organizations or others. For examples as follows: The BOTSIT can provide technical 
consulting services in resolving problems with computer equipment or other IT equipment. 
The same as providing services through call centers of various IT companies that currently 
provide technical consulting services. In addition, chatbot systems can help with e-commerce 
to present and sell various products or services currently available online, such as 
hotel booking system, air ticket booking systems, financial transaction systems, educational 
systems, or e-learning. This is because chatbot systems interact with users in a way that 
affects their emotions better as compared to conventional systems or applications. Chatbot 
systems developed on various social media platforms will be easier to access and reach target 
groups compared to other platforms. This is the reason why it has received mach attention 
and has led developers to develop chatbot systems to provide customer service which in the 
future has the possibility of replacing websites and mobile applications. 
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Abstract:  
The global transportation industry, particularly for food and perishables, requires precise 
temperature control to maintain freshness and safety. Foam boxes are essential for 
temperature control, but they decompose quickly, causing global warming concerns. 
Corrugated boxes are suitable for short-distance transport but not ideal for long-distance. One 
of the advantages is their ability to decompose, making them a more environmentally friendly 
option. This study investigates the performance of a corrugated box using BC flute insulation. 
To achieve this, we monitored temperature changes over 8 hours in the controlled ambient by 
attaching sensors at 6 different points within the box, considering ice as the product. A 2D 
heat equation is used to describe heat transfer inside the box. After that, we analyzed and 
compared the results obtained from the experiments and simulation. The result shows that the 
simulation results are in the same direction as the experiment. 

 
Introduction:  
The global transportation industry has expanded significantly. It involves the transportation 
of items like food and perishables, which require precise temperature control to maintain 
freshness and safety. Temperature instability can cause deterioration in package contents, 
making temperature control crucial for reducing food damage and ensuring food safety. 
Transport boxes, the primary food safety precaution, are essential for transportation. Foam 
boxes are widely used in transportation for temperature control and shock reduction. 
However, Styrofoam boxes take around 1,000 years to decompose, causing significant global 
warming concerns. In contrast, corrugated boxes decompose in 2–5 months, highlighting the 
environmental trade-off between efficient transport and sustainability. However, they have 
limitations and are suitable for short-distance transport but may not be ideal for long-distance 
transport because long-distance transportation makes it difficult to control a stable 
temperature. In 2017, Paquette, J.C. et al. used two stacked boxes with a multiple-layer box 
and a corrugated box as insulation to simulate the internal temperature of the box and added 
aluminum foil on the internal surface of the corrugated box. The heat transfer model was 
achieved using COMSOL Multiphysics and validated with experiments. The results showed 
that the addition of aluminum foil to the internal surface of the box can reduce heat radiation 
by up to 10% for the first 30 hours of storage. Placing the gel packs should be farthest from 
the exterior of the box, and in this work, it was found that placing the gel pack in the center of 
the box can double the preservation time. A sensitivity analysis was conducted, and it showed 
that the thermal conductivity of the walls of the box and the emissivity of the internal surface 
of the box and of the gel packs are the most critical input parameters affecting the 
performance. Laguerre et al. (2019) studied the temperature changes of fish in two insulated 
foam boxes. They developed two models to predict fish temperature changes until the ice is 
completely melted: an analytical 1-D model and a 3-D model. The results showed that the 1-
D model predictions are in good agreement for the first experiment, but in real conditions, the 
1-D model underestimates the temperature evolution, while the 3-D model gives better 
predictions, but the model is complex to use. They also compared the advantages and 
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disadvantages of the 1-D model and the 3-D model to their performance. The 1-D model 
simplifies the prediction of key practical parameters, such as the highest temperature and the 
time it takes for ice to melt, with the uncertainty of certain parameters. The inclusion of 
empirical corrections or safety factors could enhance the accuracy of this approach. Gray-
Stuart et al. (2019) measured the thermal conductivity of six different paper types of boxes 
that were used to form a liner, medium, and internal liner of single-wall corrugated board and 
used board types B flute and C flute. Thermal conductivity has been used to validate the 
finite element model with and without radiation. The results showed the paper has highly 
anisotropic thermal conductivity in the machine and cross machine directions, which is 
almost larger than in the thickness direction. The finite element model shows that the 
majority of heat transfer in corrugated fiberboard is through the fluted medium. The use of 
corrugated boxes with BC flute is on the rise in the transportation industry, therefore the 
objective of this work was to investigate the performance of a corrugated box that utilizes BC 
flute as insulation in order to monitor temperature changes inside the box. A 2D heat transfer 
model was employed to describe the heat transfer occurring inside the box, considering the 
presence of an ice as the product within the box. 

 
Methodology:  
As part of the methodology in this work, we are monitoring the temperature change and 
collecting the data. After that, the 2D heat transfer model was applied to describe the 
temperature change. The details are as follows: 
 

 
Figure 1. A double-wall corrugated box with BC flute. 

 
Experimentation 
For the experiment, a double-wall corrugated box with BC flute (Figure 1) was used as 
insulation, and the dimensions of the box were measured. The external dimension of 

 cm. In the experiment, we placed ice, which weighs 1700 grams, inside a 
corrugated box using BC flute as insulation material. Moreover, we controlled environmental 
factors like sensor placement for accuracy. The thickness of the corrugation from the outside 
wall to the inside wall of the box is 0.6 cm. Throughout the entire physical simulation 
experiment, we maintained the temperature room at a controlled level of 24.5 ±1.5°C to 
minimize the impact of ambient temperature and replicate delivery conditions similar to those 
in Thailand. As our work primarily focused on short-distance transport, the experiments were 
conducted to monitor temperature changes for a duration of 8 hours. Data is collected every 
10 seconds. In this work, we use 6 sensors at different positions to measure the temperature 
changes. The placement of the sensors was as follows: The first three sensors were positioned 
at the same height, closed to an ice 2 cm, and 7 cm from the bottom of the box, and they were 
spaced 5 cm apart from each other. The remaining two sensors were positioned at different 
heights, with one placed 11 cm from the bottom of the box and 4 cm above the bottom 
sensor, and the other one positioned 15 cm from the bottom of the box. Additionally, there 
was a sensor placed outside the box to measure the ambient temperature. The temperature 
measurement positions are shown in Figure 2.  

20 30 20´ ´

216



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

 

 
Figure 2. The position of sensors in the box.  

 
Mathematical Model 
In this work, we are interested in the temperature inside the box that uses a corrugated box 
with BC flute as insulation. We simulate the temperature changes inside a box that contains 
the ice. After that, the heat transfer equation was used to describe the change in temperature, 
taking into account only heat conduction to study the temperature changes. The following 
assumptions were made within this model: 

- The thermal properties are independent of the temperature. 
- Natural convection inside the box is negligible. 
- The box is made of a homogeneous material with constant thermal conductivity. 
- The box is filled with a homogeneous material that does not interact chemically with the 

box or the surroundings. 
The direction of heat transfer is assumed to occur in a direction in which heat flows from 

outside the box into the box, as the temperature inside the box is lower than the outside 
temperature. The box wall thickness is 6 mm. 

 

 
 

Figure 3. The direction of heat flow.  
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The temperature inside the box was described by an energy balance as follows: 

 

where  is thermal conductivity , T is temperature ,  is density , 
 is heat capacity ,  is time .Regarding the boundary conditions, we applied 

the first boundary condition to the bottom surface of the box and three of its sides. For the 
bottom surface, the boundary condition was set as , while the three sides of the box 
were defined by  where  is the temperature outside of the box. As for the initial 
condition, we used the average value of the five sensors inside the box. The heat transfer 
model was solved by the finite element method in MATLAB R2022a. The thermal properties 
used for simulation are shown in Table 1. 
 
Table 1. The thermal properties used for model simulation. 

Material Mass Density 
 

Specific heat 
Capacity 

 

Thermal 
Conductivity 

 

Reference 

Air 1.28 1000 0.026 [1] 
 

Results and Discussion:  
In this section, we will present the results and compare the experimental data with the 
simulation results. The experiment spanned 8 hours, utilizing an initial condition equivalent 
to the average temperature measured by the 5 sensors within the box, which was 16.82 
degrees Celsius. For the three-sided boundary condition (i.e., the two sides on top of the box), 
we used the average temperature of the environment, which was 24.59 degrees Celsius. The 
temperature field at the final time, as obtained from the simulation program, is depicted in 
Figure 4 (a). The temperature variations at each position are illustrated in Figure 4 (b) to (f). 
In these figures, the solid line represents the temperature changes obtained from the 
experiment, while the dashed line represents the results from the mathematical model. 
Specifically, the temperature changes at the left(T_left), middle(T_middle), and 
right(T_right) positions are shown in Figure 4 (b) to (d), respectively. It can be seen that the 
experimental temperature changes at these positions exhibit a clustered temperature 
distribution, fluctuating up and down. The average temperature remains around 15 ± 1 degree 
Celsius. In contrast, the mathematical model produces relatively linear temperature profiles 
with minimal temperature fluctuations, maintaining an average temperature of approximately 
16 degrees Celsius. The temperature changes at a position 11 cm above the bottom of the 
box(T_H1) are shown in Figure 4 (e). In this figure, it can be observed that the temperature 
changes obtained from the experiment are higher compared to those recorded by the sensors 
positioned below. The average temperature at this position is approximately 18 ± 1 degrees 
Celsius. Finally, the temperature changes at a position 15 cm above the bottom of the 
box(T_H2) are shown in Figure 4 (f). The result shows that the temperature distribution at 
this particular position is higher than that measured at the other two positions. The average 
temperature at this position is approximately 19 ± 1 degrees Celsius. Against that, the results 
from the mathematical model at positions T_H1 and T_H2 reveal a nearly linear pattern with 
a minor change occurring around 28,000 seconds. This change is so slight that it appears 
almost negligible. The temperature change results obtained from the mathematical model, 
which show a linear trend at all five points inside the box, could be considered reasonable 
due to our assumption that the temperature started at the same temperature initially. However, 
in reality, the temperature changes at each point are different. Additionally, in the boundary 
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condition, we assumed a constant, whereas in reality, the outside temperature undergoes 
continuous fluctuations, rising and falling, even though we attempt to control it. However, the 
temperature results obtained from the mathematical model have the same direction as the 
experimental results, and the box has insulating properties. This insulation allows it to 
maintain temperatures below 20 degrees Celsius for up to 8 hours in an environment with 
controlled temperature conditions. 

 

 
 
 

(a) 
 

(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Figure 4.  
Comparison of temperature changes at each position from experiment and simulation 

 
Conclusion:  
In this study, we investigated the temperature changes inside a box insulated with corrugated 
BC flute material, with ice as the product placed inside the box. To monitor temperature 
variations, we placed sensors at five points within the box and an additional sensor outside 
the box to measure the environmental temperature. The five sensors inside the box were 
placed in different positions. Three of them were placed at the same vertical position from the 
bottom of the box but at different horizontal distances from each other. In contrast, the 
remaining two sensors were placed in different vertical positions. The sensors monitored 
temperature changes over an 8-hour duration while the environmental temperature was 
controlled. After that, the 2D heat transfer was applied to explain the temperature changes 
occurring inside the box by using boundary conditions as constants and using the finite 
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element method through MATLAB to solve the heat transfer equations. The experimental 
results indicated that temperature changes at the same vertical position at varying horizontal 
distances showed similar temperature distributions. On the other hand, temperature changes 
at different vertical positions displayed significantly different temperature profiles. In 
contrast, the results obtained from the mathematical model consistently showed linear 
temperature profiles, according to the assumptions and constant boundary conditions used in 
the model. However, the results were in the same direction as the experimental results, and it 
was observed that the corrugated box effectively maintained temperatures below 20 degrees 
Celsius. It's important to note that this work represents an initial experiment and simulation. 
In future studies, adjustments to the boundary conditions may be necessary to better reflect 
real-world scenarios and provide a more accurate explanation of temperature changes. 
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Abstract:   

This project was developed to address the inconvenience of traveling on the Phothong 
bus in Phuket, which is caused by a lack of easily accessible information regarding stops, 
routes, fares, and schedules. Our project aimed to address this gap by creating a program that 
identifies the optimal bus route and calculates the fare, making it a useful tool for Phothong 
users. This project takes the shortest path available as the optimal bus route.  The data for 
Phothong maps, stops, and fare rates were collected from the PKCD website, a city 
development company in Phuket, and then visualized as a line graph using draw.io for the 
subsequent processes. The weighted Phothong map in Phuket has over 125 stops categorized 
into main and sub-stops. A sub-stop was defined as a bus stop where the bus routes passing 
by it are identical to those of the connected stops, while the remaining stops were categorized 
as main stops. To find the optimal route, we adapted Dijkstra’s algorithm as the core route-
finding method. The program will calculate the shortest path in the main graph, which 
consists of only main stops, instead of the shortest path in sub-stops. This reduces the time 
spent on the same subgraph. The program calculated the shortest route between the starting 
node and connected main stops, the ending node and connected main stops, as well as both 
previously mentioned main stops separately. This approach allowed the algorithm to 
determine the optimal route while minimizing overall runtime, and the PriorityQueue library 
was implemented in the program to find the shortest route in the graph according to 
Dijkstra’s algorithm. Additionally, the PyQt5 module was used to create a user-friendly 
interface for the program, allowing users to input their starting point and destination and the 
program would subsequently provide the shortest route, along with fare details and 
recommended lines to take. The developed application was capable of recommending the 
shortest Phothong route to the destination, along with details such as the price and specific 
Phothong bus lines. The runtimes of the application run using the modified algorithm were 
approximately 25633 times less than the runtime using Dijkstra’s algorithm, proving the 
program’s increase in efficiency. As a part of our future development, we planned for this 
algorithm to consider additional factors such as waiting time and the number of transfers.  
 
Introduction:   

Public transportation is a mode of transport that is currently in development in many 
countries around the world. Decreasing the use of personal vehicles and switching to public 
transport can help solve road congestion problems in major cities, and also lessen the use of 
fuel which eventually decreases air pollution. The presence of multiple public transportation 
options leads to fewer cars on the roads, resulting in a reduction in car crashes and other road 
accidents. Thailand currently offers various transportation options, including buses, boats, 
and trains. However, many of these options are predominantly available in the Bangkok 
Metropolitan area.  In other provinces, “Songthaew” or minibus is the main public 
transportation mode. Most people still have a negative viewpoint towards commuting by 
local public transit. For instance, surveys conducted in Amnatcharoen [1] revealed that the 
current public transportation modes available are inconvenient compared to personal cars, 
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which offer more flexibility and convenience. There are several applications that assist public 
transportation users, such as ViaBus, which detects the real-time location of buses in over 20 
provinces in Thailand, which solves the problem of waiting for a long time or getting lost. 
Furthermore, the application features English language support, catering towards foreign 
tourists. Overall, these types of applications that guide and provide information for users have 
the potential to increase public transportation usage.  

Phuket is a worldwide famous tourist destination of Thailand. The province was in the 
top 10 ‘World’s Best Place to Visit’ rankings from the poll by U.S. News & World Reports’ 
website in 2020-2021. Phuket attracts a substantial number of visitors annually. Surprisingly, 

the province lacks a comprehensive bus or rail network, relying primarily on the local 
Songthaew bus, known as Phothong. There are many Phothong lines which service routes to 
popular tourist attractions at a relatively low cost. However, there is a lack of easily 
accessible data on routes, schedules, and fares, which poses a significant inconvenience, 
especially for new visitors. Developing an application which contains information about the 
Phothong system and can calculate the best routes and fares will help increase the popularity 
of using the Phothong bus. 

To create the route-finding application, we utilize Dijkstra’s algorithm to find the 
shortest path between two points in a weighted graph by creating a tree graph, which contains 
the shortest path from the starting point to all points in the graph. By transforming the 
Phothong map into a weighted graph, we can use the algorithm to apply in finding the 
shortest route in taking the Phothong bus in Phuket from the starting point to the destination.  

According to available data, there are over 125  Phothong stops in Phuket. Running 
Dijkstra’s algorithm on a graph with that size can be inefficient. Therefore, we proposed a 
new approach to calculating the shortest route in a graph. The program will only run 
Dijkstra’s algorithm on the main graph, which contains points of intersection or line 
termination. The insignificant points, which are part of a continuous line in the graph, will be 
connected to the nearest main point.  

While there has been development of query systems which utilizes Dijkstra’s 
algorithm to find the shortest route in a weighted graph [3], it is done on a smaller scale 
compared to Phuket’s Phothong bus system. Dijkstra’s algorithm calculated on a simple 
graph is also only able to provide the shortest route, but not the Phothong lines to take. In 
order to offer more convenience, our developed application also returns the Phothong lines to 
take in the route. 

In this project, the developed application will find the most efficient route by 
considering only distance. More complicated factors, such as schedules and traffic data, are 
left for future work.  
  
Methodology:   
Data Collection and Processing  

Data of routes, lines, and fares of the Phothong network in Phuket was collected from 
the website of Phuket City Development Co., Ltd. The website contains information in the 
form of map images. The information was reorganized into a manageable manner in the form 
of Excel sheets. The distance between each Phothong stop was obtained through Google 
Maps routing feature. The data of Phothong stops and distances between stops were 
visualized as a weighted graph in draw.io for subsequent processes. 

Over 125 Phothong stops in Phuket were numbered and classified into ‘main stops’ 
and ‘sub stops.’ Stops with the same Phothong bus lines as the stops connected to them are 
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considered sub-stops. Main stops are points where a Phothong line diverges or terminates 
while other lines continue on the connecting stops.   
 

 
 

Figure 1. The map of all Phothong lines in Phuket from the website of Phuket City 
Development Co., Ltd. (https://phuketonemap.com/all-route/) 
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Figure 2. The graph showing all distances between stops created in draw.io. Main 
stops are indicated as blue. 

 

 
Figure 3. A re-drawn graph showing all Phothong lines in Phuket. Main stops are 

indicated as circles. 
 
Route-Finding Algorithm  

The program was coded with Python language on Visual Studio Code, and Dijkstra’s 
algorithm was implemented into the program using PriorityQueue to assist in minimizing 
runtime. In the program, users can input their starting point and destination, then the program 
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subsequently returns the shortest Phothong route to take, Phothong lines to take, and total 
fare. The route-finding algorithm can be described as follows:  

1. In the graph containing all Phothong stops, the source and the destination are 
connected to their nearest main stops. The distance from the source to its nearest 
stop and the distance from the destination to its nearest stop are obtained.  
2. Dijkstra’s algorithm is run on the main graph. Its starting point to run the 
algorithm is based on the point with fewer connecting points to reach the main 
stop.  
3. The distance values are all combined and shown as the total distance from 
start to finish.  
4. The algorithm returns a list containing stops that the route passes through.  

 

Figure 4. The flowchart of route-finding algorithm  
 

Phothong Lines Assigning Algorithm  
A dictionary containing all stops and lines that pass through each stop was created. 

Phothong lines are represented as letters in the code (e.g., ‘A’, ‘B’, and so on). After the 
shortest route is calculated, the program eventually runs through processes to assign the 
Phothong lines needed to take. The process is as follows:  

1. The program creates a list of lines that pass through the stop for each stop in 
the route. 
2. In the first list, remove any lines that do not appear in the list next to it.  
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3. In the second list, remove any lines that do not appear in the list before or after 
it. Then iterate the same procedure over all lists.  
4. In the first list, only keep the Phothong lines with the cheapest fare and 
remove other items.  
5. In the second list, only keep the Phothong line that appears in the first list. 
This process is repeated on all items except in an empty list.  
6. In the case of an empty list, which indicates the need for line transfer, the 
items in the two lists beside it are added and the list is tagged as point of transfer.  
7. The final list contains multiple lists inside it which contain the Phothong lines 
to take.  
8. After the Phothong lines are obtained, the fares of each line are added together 
and returned as the total fare.  

After calculating and assigning all the necessary information, the program returns the full 
distance, the Phothong lines to take, the total fare, and where to transfer if needed.  
Program Evaluation  

To evaluate our program, we compare the runtime of Dijkstra's algorithm with our 
adjusted Dijkstra's algorithm. The process is as follows:   

1. Create a graph of the Phothong stops in Phuket.   
2. Choose random stops as starting stops and ending stops and run the program, 
then compare the results with the program that uses normal Dijkstra's algorithm.  
3. Collect runtimes in both programs.  

Implementing an Interface Evaluation  
To display the result, we created an interface with Python language on Visual Studio 

Code. PyQt5 module is selected to assist in creating a graphical user interface because its 
property enables Python to be used as an application development language on all supported 
platforms including Windows, macOS, Linux, iOS, and Android. The process is as follows:  

1. Planning layouts and events considering user experience. 
2. Create a main application class by inheriting both the interface class and the 

main PyQt widget class that suits your application needs.  
3. Compile information from the previous calculation 
4. Style, display, and adjust all elements based on Comprehensible and visibility 

 
Results and Discussion:   

Our algorithm classifies stops into main stops and sub-stops and works as follows. 
Firstly, the program identifies the path from the starting node to the main node avoiding other 
main nodes. Secondly, the program repeats the process with the ending node. As a result, 
only 34 main stops are needed to run Dijkstra's algorithm. The following is an example case 
of how the algorithm worked when calculating the route from Tha Ruea Shrine to Samkong 
Junction. 
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Figure 5. The graphs of Phothong maps  

from Tha Ruea Shrine and Samkong Junction main stops in Phuket 

 
Figure 6. The graphs of Phothong maps 

using Dijkstra’s algorithm which runs on an optimal route. 
 

 
 

Figure 7. The diagram showing an example of assigning Phothong lines to the 
obtained route. 
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Figure 8. The examples of graphical user interface 
 

In the end, the shortest route is traveling from Phuket Airpark through Heroines 
Monument and Baan Khian Intersection to Cherngtalay School which is 19,967 
meters.            Therefore, this program can successfully find the optimal path in every case 
and can use this information to calculate fare details and recommended lines to take.  
 

Table 1. Runtimes comparisons on random routes  
Optimal route  Runtime (seconds) 

Starting   
point  

Ending  
point  

Number of  
the Stops  

Program's 
algorithm  

Dijkstra’s 
algorithm  

Phuket Zoo Baan Khian 13 0.000163 4.124861 
 Provincial Hospital Songkhla University 11 0.000165  3.711982 

Phuket Airport   Chalong Circle 11 0.000183  2.035965 
Vocational College Kata Temple 8 0.000250 8.837714 

Patong Hill Tai Temple 8 0.000162 2.299687 
Rajabhat University  Rassada Port 6 0.000204  12.736772 

Suan Luang Central Phuket 5 0.000178 4.044885 
Kata Beach Chillva Market 5 0.000182 3.130895 

Naiharn Beach Dibuk Hospital 5 0.000196 2.177035 
Gor Jan Bridge Phuket Wet Market 3 0.000189 4.886444 

  
Our algorithm was developed in Visual Studio Code Version 1.82.2. It was 

implemented on an AMD Ryzen 5 4500U with Radeon Graphics 2.38 GHz processor and 
8.00 GB RAM, running on the Microsoft Windows Feature Experience Pack 
1000.22662.1000.0  

Comparing the runtime of the adjusted Dijkstra’s algorithm to the original Dijkstra’s 
algorithm, it is obvious that classifying stops into main stops and sub-stops makes the 
program's efficiency in calculating routes on the Phothong bus map. The approximate 
runtime in the program run using the adjusted algorithm decreased by 25633 times compared 
to Dijkstra’s algorithm. 
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Conclusion:   
This program successfully finds the optimal path considering the distance that the 

Photong bus needs to provide to travel from the starting node to the ending node. Our 
algorithm's classification of stops into main stops and sub-stops improves the program's 
performance, with the runtime decreased by 25633 times compared to the program run using 
unadjusted Dijkstra’s algorithm. The application provides optimal travel routes, guides the 
user through all the stops with remarks for changing bus lines, and calculates the price for 
users. The application has the potential to be more useful when it includes additional factors 
such as waiting time and the number of transfers.   
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Abstract:  
 The objective of this research is to study the probability distribution of flights departure 
delays domestic from Chiang Mai International Airport to airports located in the central region of 
Thailand. The total flight data were collected from 2017 to 2019 to estimate the parameters of 20 
distributions using the Maximum Likelihood Estimation method and the goodness of fit test with 
the Anderson-Darling test. This research used the Akaike Information Criterion and the Bayesian 
Information Criterion as criterion to select the appropriate distribution, and considering the 
statistical accuracy criterion was Mean Absolute Error, Mean Absolute Percentage Error, and Root 
Mean Square Error. The results were as follows; flight delays of 6 hours or more were 0.04% of all 
flights. Most flight delays were between 1 - 45 minutes, with 67.68% in the central region 
experiencing delays. The maximum delay time occurred in the year 2017, with an average delay 
time was 14.30 minutes and a median was 11 minutes. Finally, we found that the Log Pearson Type 
3 distribution was the most appropriate for describing the delay time of domestic flights departing 
from Chiang Mai International Airport to airports located in the central region of Thailand. 
 
Introduction:  

Flight delays can occur and have economic consequences for passengers, airlines, 
airports, and the global economy.1 Causes of flight delays include many factors such as 
inadequate airport capacity to handle a high volume of aircraft, inappropriate flight scheduling, 
turbulent weather conditions, late passenger boarding, or delayed loading of baggage, etc., These 
events are unforeseen circumstances, and when any of these events occur, they can affect 
subsequent flights and have an impact on the overall operational plans of the airport.2  

The analysis of the probability distribution is used to measure, predict, and estimate the 
likelihood of achieving certain outcomes. Additionally, it is also used to determine confidence 
intervals around estimated values.3 When we fit a probability distribution to flight delay times, 
the benefits of this distribution are as follows: airports can plan suitable flight schedules, airlines 
can budget their expenses, and passengers can prepare for potential events, helping them allocate 
their time and reduce waiting time losses during flight delays. However, numerous research 
studies have examined flight delays. For example, in 2002, researchers in the USA analyzed the 
characteristics of aircraft arrival and departure delays. They suggested Normal distribution for the 
created flight arrival delay and Poisson distribution that fits the flight departure delay.4 In 2014, 
the flight departure delays of Garuda airline from Indonesia were analyzed, and the most suitable 
model was found Log Normal distribution for the distribution of departure delay duration and 
Mixture of Normal distributions with four components was good model for departure delay time 
distribution.5 In 2018, the flight delays of airlines in China were analyzed by following the 
separate causes of flight delay. They found Weibull distribution suitable for flight delays caused 
by inclement weather.6 This distribution corresponds to what was discovered in the flight delays 
of 11 countries in Southeast Asia.7 In 2020, researchers from Thailand analyzed flight departure 
delays for one airline at Don Mueang International Airport. They found that the most suitable 
distributions for flight delays were Log Pearson Type 3 distribution and Burr distribution.8  
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We are interested in studying the distribution of departure flights from Chiang Mai 
International Airport because Chiang Mai is the main province in the northern region and serves 
as a hub for tourism and aviation. This study involves an examination of destination airports in 
the central region, considering them separately for each year. Additionally, our research aims to 
estimate the parameters associated with the appropriate distribution of delay times for flights 
departure. 
 

Methodology:  
We collected secondary data on the departure time of domestic flights from Chiang 

Mai International Airport to various destination province, including Phitsanulok, Sukhothai, 
Phetchabun, and Bangkok (Don Mueang and Suvarnabhumi), for the years 2017 to 2019. The 
data was obtained from the website http://webmac.dyndns.info:9023/ and calculated the delay 
time of flights only departure in the originating province8 defined as 

Delay = Actual Departure Time (ADT) – Scheduled Departure Time (SDT)             (1) 
The ADT is the departure time following the local time when the airplane began its ascent into 
the sky. The SDT is the departure time following the announcement on boarding pass, indicating 
when the airplane starts moving away from the boarding gate. 
 The delay time is x , where x  is greater than 0 minutes. The next step is to check for 
outlier values in the data using the Interquartile range (IQR) and a box plot. After removing 
the outliers from the data, we can proceed to estimate parameters based on a probability 
distribution selected from the literature review. We found that most of the data show a 
unimodal distribution, and upon plotting a histogram, it becomes evident that the data follows 
a right-skewed curve. As a result, we have considered a total of 20 right-skewed curve 
probability distributions, as follows. 
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f x

 
−

=
 
 
 

  where   is scale parameter ( )0  .  

2). Gamma distribution10: 1 p
( )

1
( ) ex

x
f x x

  
− −


=

 
 
 

 where ( ) is gamma function,   is 

shape parameter ( )0  , and   is scale parameter ( )0  .  

3). Three – parameter Gamma distribution11:
( )

( ) 11
( ) exp

x
f x x 






 
− −

= − −


 
 
 

 where   is shape 

parameter ( )0  ,   is scale parameter ( )0  , and   is threshold parameter ( )−    12.  

4). Generalized Gamma distribution13: 1( ) expf x
x

x





 
 

−= − 
       

       
       

 where   is scale 

parameter ( )0  14,   is shape parameter ( )0  14, and  is shape parameter ( )0  14.  

5). Log Normal distribution9: ( ) 2

2

o  

2

l g1
( ) exp

2

x
f x

x



 

− −
=

 
  
 

 where  is shape parameter 

( )0  , and  log m = , which m is the median (scale parameter) ( )0  .  

6). Weibull distribution15: ( )
1

exp
x x

f x
 


  

−

= −
    
    

     
 where  is shape parameter ( )0  , and 

  is scale parameter ( )0  . 

231



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

7). Exponentiated Weibull distribution16: 
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 ,   are shape parameter ( )0  and ( )0  , and  is scale parameter ( )0  . 

8). Generalized Weibull distribution17:  ( )
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18). Generalized Beta (first kind) distribution26: 
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parameter ( )  ,  is location parameter  ( )  , and   is scale parameter ( )0  . 
 As mentioned above, the Probability Density Function (PDF) is where we employ the 
Maximum Likelihood Estimation (MLE) method to estimate parameters. 
 We use R programming (version 4.2.3) to analyze the data. R codes for the statistical 
analyses done are available at https://github.com/KamonpanJun/flightdelay_distribution.git 
Evaluating the goodness of fit of a PDF involves the following steps: 
 1. Akaike Information Criterion (AIC) The best model is determined by statistics with 
the lowest AIC.29,30  
    ( ) ( ) ( )ˆ ˆ2 log 2AIC L k = − +                                                        (3) 
where k is the number of parameters in the reliability model, and L̂  the maximized value of 
the likelihood function for the estimated model. 
 2. Bayesian information Criterion (BIC) stronger than AIC when penalizing additional 
parameters.30 In several competing models, the one with the lowest BIC is preferred.  
    ( ) ( ) ( ) ( )ˆ ˆ2 log logBIC L k n = − +                                               (4) 
where k is the number of parameters in the reliability model, n  the number of observations in 
the given data set, and L̂  the maximized value of the likelihood function for the estimated 
model. 
 3. Anderson – Darling Test ( 2AD )31 When the Anderson-Darling test statistic is at a 
minimum, it indicates that the observed data is very close to the expected values under the 
hypothesized distribution. 
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where ( )*
iF X is an expected cumulative distribution function, iX  is the observed delay of the 

flight, and n  is the sample size.  
 4. Accuracy measurement methods this research considers three common metrics: 
Mean Absolute Error (MAE), Mean Absolute Percentage Error (MAPE), and Root Mean 
Square Error (RMSE) to explain the model's fit to the dataset. To indicate that a model fits the 
dataset well, it should have low values for MAE, MAPE, and RMSE.32,33  
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where iy  is the predicted delay time of domestic flights departure (minutes) created by 
Probability Density Function (PDF), and n  is the sample size.  
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 5. In the evaluation process, arrange the ranks of the criteria and test statistics used to 
assess the appropriateness of the distribution by ranking the models from the lowest to the highest 
value. Finally, we choose the rank sum, considering the lowest rank sum, to determine which 
probability distribution best fits the data for the delay time of domestic flight departures. 
 
Results and Discussion:  
 The scope of this study focuses on destination airports in the central region. Between the 
years 2017 and 2019, we found 49,520 flights experienced delays of 1 minute or more. These 
findings are illustrated in Figure 1, which features a pie chart and a histogram depicting the 
frequency of flight delays for domestic flights departure. The histogram reveals a right-skewed 
distribution of flight delays from 2017 to 2019, with most delays not exceeding 1 hour. 
 

 
a) 

 
b) 

Figure 1.  
a) Percentage of delay times categorized by region and  b) Histogram shows the distribution of 
frequency of flight departure delays at Chiang Mai International Airport (year 2017 – 2019). 

 
 The data related to the central region with delay times ranging from 1 to 45 minutes total 
46,001 flights. When we proceeded to create a dataset of domestic flight departure delays ranging 
from 1 to 45 minutes for journeys to the central region, the next step was to plot a histogram the 
data distribution and observe its characteristics. We found that the flight delay data for each year 
show a right-skewed distribution, like the distribution of all departure delay times in Figure 1 (b). 
  As part of descriptive statistics, we calculated the average delay of flights (x̅), standard 
deviation (S.D.), median, interquartile range (IQR), coefficient of skewness, and coefficient of 
kurtosis, as shown in Table 1 below. We found that in 2017, average delays were 14.30 minutes 
higher than other years, while 2018 had a 12-minute higher median. The standard deviations were 
close, indicating consistent patterns. A positive skewness suggests a right-skewed distribution, 
and kurtosis more than 0 implies non-normal distribution. 
 

Table 1.  
Descriptive statistics of delay times for domestic flights departure whose destinations are airports 

located in the central region. 
Year n 

(flight) 
Min 

(minutes)  
Max  

(minutes) 
x̅ 

(minutes) 
S.D. Median 

(minutes)  
IQR Skewness Kurtosis 

2017 14,801 1 45 14.30 10.60 11.00 14.00 0.96 3.17 
2018 15,837 1 45 14.10 10.20 12.00 14.00 0.96 3.27 
2019 15,363 1 45 13.98 10.30 11.00 14.00 0.98 3.27 
Total 46,001 
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Table 2. 
Estimating Distribution Parameters and Assessing Suitability for Modeling Flight Delay 

Times of Domestic Flights departure to Central Region Airports (2017-2019)  

Distribution 
Parameter Estimation 

and Consideration  
of Suitability Criteria 

Year 

2017 2018 2019 

1. Exponential Parameter estimation  β = 14.323 β = 14.139 β = 13.977 
AIC (Ranking) 108,401.3 (19) 115,577.7 (19) 111,766.1 (19) 
BIC (Ranking) 108,408.9 (19) 115,585.3 (19) 111,773.7 (19) 

(Ranking) 341.084 (18) 438.769 (19) 366.329 (19) 
MAE (Ranking) 14.291 (17) 14.107 (19) 13.945 (19) 
MAPE (Ranking) 99.240 (4) 99.256 (2) 99.204 (3) 
RMSE (Ranking) 17.822 (20) 17.427 (19.50) 17.372 (19) 
Rank Sum 97.00 97.50 97.00 

2. Gamma Parameter estimation  β = 8.636, α = 1.659 β = 8.131, α = 1.739 β = 8.380, α = 1.668 
AIC (Ranking) 106,436.6 (9) 113,106.7 (11) 109,684.3 (10) 
BIC (Ranking) 106,451.8 (9) 113,122 (11) 109,699.5 (10) 

(Ranking) 29.550 (3) 27.587 (7) 28.658 (4) 
MAE (Ranking) 14.290 (10) 14.105 (10) 13.943 (7.50) 
MAPE (Ranking) 99.407 (9.50) 99.425 (8) 99.382 (8.50) 
RMSE (Ranking) 17.820 (12) 17.424 (11.50) 17.370 (14.50) 
Rank Sum 52.50 58.50 54.50 

3. Three 
parameter  
Gamma  

Parameter estimation  α = 2.076, β = 7.531 
γ = -1.311 

α = 1.413, β = 9.518  
γ = 0.691 

α = 1.275, β =10.336 
γ = 0.801 

AIC (Ranking) 106,930.2 (13) 112,944 (4) 109,431.1 (3) 
BIC (Ranking) 106,953 (13) 112,967 (4) 109,454 (3) 

(Ranking) 38.315 (10) 46.197 (13) 60.249 (13) 
MAE (Ranking) 14.278 (3) 14.109 (20) 13.947 (20) 
MAPE (Ranking) 99.212 (2) 99.465 (18) 99.403 (17) 
RMSE (Ranking) 17.812 (3) 17.427 (19.50) 17.373 (20) 
Rank Sum 44.00 78.50 76.00 

4.Generalized 
Gamma 

Parameter estimation  ϴ = 13.220, κ = 1.456, 
δ = 1.229 

ϴ = 13.757, κ = 1.476, 
δ = 1.298 

ϴ = 13.076, κ =1.455, 
δ = 1.242 

AIC (Ranking) 106,407.1 (6) 113,050.2 (6) 109,648.2 (7) 
BIC (Ranking) 106,429.9 (6) 113,073.2 (7) 109,671.1 (8) 

(Ranking) 30.288 (4) 25.583 (3) 28.346 (3) 
MAE (Ranking) 14.290 (10) 14.105 (10) 13.944 (14.50) 
MAPE (Ranking) 99.411 (12) 99.430 (11.50) 99.386 (12) 
RMSE (Ranking) 17.820 (12) 17.424 (11.50) 17.370 (7) 
Rank Sum 50.00 49.00 51.50 

5. Log Normal Parameter estimation  σ = 0.899, μ = 2.331 σ = 0.877, μ = 2.335 σ = 0.897, μ = 2.309 
AIC (Ranking) 107,857.6 (17) 114,748.8 (17) 111,213.8 (17) 
BIC (Ranking) 107,872.8 (17) 114,764.2 (17) 111,229.1 (17) 

(Ranking) 132.813 (17) 154.209 (17) 146.050 (17) 
MAE (Ranking) 14.107 (2) 13.920 (2) 13.757 (2) 
MAPE (Ranking) 96.141 (1) 96.270 (1) 95.993 (1) 
RMSE (Ranking) 17.729 (2) 17.328 (2) 17.276 (2) 
Rank Sum 56.00 56.00 56.00 

6. Weibull Parameter estimation  α = 1.363, β = 15.667 α = 1.404, β = 15.539 α = 1.368, β = 15.297 
AIC (Ranking) 106,414.8 (8) 113,054.4 (8) 109,655.2 (9) 
BIC (Ranking) 106,430 (7) 113,069.8 (6) 109,670.4 (7) 

(Ranking) 32.125 (7) 26.449 (4) 29.798 (7) 
MAE (Ranking) 14.291 (17) 14.105 (10) 13.944 (14.50) 
MAPE (Ranking) 99.412 (13.50) 99.430 (11.50) 99.386 (12) 
RMSE (Ranking) 17.820 (12) 17.424 (11.50) 17.369 (7) 
Rank Sum 64.50 51.00 56.50 

7.Exponen-
tiated Weibull 

Parameter estimation   α = 1.283, θ =1.111 
σ = 14.600 

α = 1.326, θ = 1.111 
σ = 14.495 

α = 1.292, θ = 1.104 
σ = 14.315 

AIC (Ranking) 106,411.7 (7) 113,054 (7) 109,652.2 (8) 
BIC (Ranking) 106,434.5 (8) 113,077.1 (8) 109,675.1 (9) 
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Distribution 
Parameter Estimation 

and Consideration  
of Suitability Criteria 

Year 

2017 2018 2019 

(Ranking) 30.717 (6) 26.801 (6) 28.669 (5) 
MAE (Ranking) 14.290 (10) 14.105 (10) 13.944 (14.50) 
MAPE (Ranking) 99.412 (13.50) 99.431 (13.50) 99.386 (12) 
RMSE (Ranking) 17.820 (12) 17.424 (11.50) 17.369 (7) 
Rank Sum 56.50 56.00 55.50 

8. Generalized 
Weibull 

Parameter estimation  γ = 0.797, λ = 0.150 
σ = 17.119 

γ = 0.760, λ = 0.118 
σ = 16.608 

γ = 0.784, λ = 0.126 
σ = 16.455 

AIC (Ranking) 106,355.3 (4) 113,011.8 (5) 109,609.4 (5) 
BIC (Ranking) 106,378.1 (4) 113,034.8 (5) 109,632.3 (5) 

(Ranking) 39.950 (11) 31.206 (8) 35.592 (9) 
MAE (Ranking) 14.291 (17) 14.106 (17) 13.944 (14.50) 
MAPE (Ranking) 99.409 (11) 99.427 (10) 99.382 (8.50) 
RMSE (Ranking) 17.820 (12) 17.424 (11.50) 17.370 (14.50) 
Rank Sum 59.00 56.50 56.50 

9.Burr Type 
III 

Parameter estimation  β = 22.053, γ1 = 1.178, 
γ2 = 0.302 

β = 22.038, γ1 = 1.203 
γ2 = 0.286 

β = 21.546, 
 γ1 = 1.182, γ2 = 0.299 

AIC (Ranking) 107,135 (14.50) 113,734.6 (14.50) 110,353 (14.50) 
BIC (Ranking) 107,157.8 (14.50) 113,757.6 (14.50) 110,375.9 (14.50) 

(Ranking) 52.228 (12) 46.030 (12) 48.931 (11) 
MAE (Ranking) 14.298 (20) 14.106 (17) 13.944 (14.50) 
MAPE (Ranking) 99.825 (19) 99.441 (16) 99.399 (16) 
RMSE (Ranking) 17.816 (4) 17.424 (11.50) 17.369 (7) 
Rank Sum 84.00 85.50 77.50 

10.Burr type 
XII 

Parameter estimation  с = 1.406, k = 16.611 
α =112.140 

с = 1.439, k = 20.6 
α = 124.125 

с = 1.402, k = 19.820 
α = 125.466 

AIC (Ranking) 106,469.3 (10) 113,096.9 (10) 109,698.6 (11) 
BIC (Ranking) 106,492.1 (10) 113,119.9 (10) 109,721.5 (11) 

(Ranking) 32.192 (8) 26.463 (5) 29.218 (6) 
MAE (Ranking) 14.290 (10) 14.105 (10) 13.944 (14.50) 
MAPE (Ranking) 99.414 (16) 99.431 (13.50) 99.387 (14) 
RMSE (Ranking) 17.820 (12) 17.424 (11.50) 17.369 (7) 
Rank Sum 66.00 60.00 63.50 

11.Inverse 
Burr 

Parameter estimation   α = 0.355, β = 3.313 
ϴ = 21.009 

α = 0.344, β = 3.498 
ϴ = 20.904 

α = 0.354, β = 3.343 
ϴ = 20.477 

AIC (Ranking) 107,135 (14.50) 113,734.6 (14.50) 110,353 (14.50) 
BIC (Ranking) 107,157.8 (14.50) 113,757.6 (14.50) 110,375.9 (14.50) 

(Ranking) 52.242 (13) 45.957 (11) 48.840 (10) 
MAE (Ranking) 14.290 (10) 14.104 (4) 13.943 (7.50) 
MAPE (Ranking) 99.407 (9.50) 99.420 (6) 99.380 (7) 
RMSE (Ranking) 17.819 (5) 17.423 (4) 17.369 (7) 
Rank Sum 66.50 54.00 60.50 

12. Log 
Pearson type 3 

Parameter estimation  α = 3.723, β = -0.210 
τ = 1.793 

α = 3.928, β = -0.198 
τ = 1.790 

α = 3.881, β = -0.204 
τ = 1.795 

AIC (Ranking) 12,401.95 (1) 12,402.81 (1) 12,794.21 (1) 
BIC (Ranking) 12,424.76 (1) 12,425.82 (1) 12,817.13 (1) 

(Ranking) 28.951 (1) 22.836 (1) 26.349 (2) 
MAE (Ranking) 0.255 (1) 0.231 (1) 0.242 (1) 
MAPE (Ranking) Inf (20) Inf (20) Inf (20) 
RMSE (Ranking) 0.412 (1) 0.398 (1) 0.406 (1) 
Rank Sum 25.00 25.00 26.00 

13. Log 
Logistic 

Parameter estimation  α = 10.955, β = 1.954 α = 11.025, β = 2.012 α = 10.734, β = 1.963 
AIC (Ranking) 108,068.3 (18) 114,880.4 (18) 111,385.1 (18) 
BIC (Ranking) 108,083.5 (18) 114,895.7 (18) 111,400.4 (18) 

(Ranking) 102.150 (16) 114.562 (16) 108.465 (16) 
MAE (Ranking) 14.290 (10) 14.105 (10) 13.943 (7.50) 
MAPE (Ranking) 99.430 (17) 99.450 (17) 99.409 (18) 
RMSE (Ranking) 17.820 (12) 17.424 (11.50) 17.370 (14.50) 
Rank Sum 91.00 90.50 92.00 
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Distribution 
Parameter Estimation 

and Consideration  
of Suitability Criteria 

Year 

2017 2018 2019 

14.Generalized  
Extreme Value 

Parameter estimation  ξ = 8.691, α = 6.924 
κ = -0.221 

ξ = 8.849, α = 6.877 
κ = -0.181 

ξ = 8.541, α = 6.779 
κ = -0.209 

AIC (Ranking) 107,761.6 (16) 114,402.5 (16) 111,023.7 (16) 
BIC (Ranking) 107,784.4 (16) 114,425.5 (16) 111,046.6 (16) 

(Ranking) 70.726 (14) 66.761 (15) 68.232 (14) 
MAE (Ranking) 14.290 (10) 14.105 (10) 13.943 (7.50) 
MAPE (Ranking) 99.464 (18) 99.480 (19) 99.443 (19) 
RMSE (Ranking) 17.820 (12) 17.423 (4) 17.369 (7) 
Rank Sum 86.00 80.00 79.50 

15.Inverse 
Gaussian 

Parameter estimation  μ =14.328, λ =11.636 μ =14.142, λ = 12.221 μ = 13.971, λ = 11.384 
AIC (Ranking) 109,187.2 (20) 116,231.2 (20) 112,635.6 (20) 
BIC (Ranking) 109,202.4 (20) 116,246.6 (20) 112,650.8 (20) 

(Ranking) 381.747 (19) 424.288 (18) 417.928 (19) 
MAE (Ranking) 14.288 (4.50) 14.103 (3) 13.941 (3.50) 
MAPE (Ranking) 99.328 (5) 99.351 (4) 99.304 (4) 
RMSE (Ranking) 17.821 (19) 17.426 (18) 17.371 (18) 
Rank Sum 87.50 83.00 84.50 

16.Generalized 
Inverse 
Gaussian 

Parameter estimation χ = 0.849, Ψ = 0.213 
λ = 1.460 

χ = 0.644, Ψ = 0.232 
λ = 1.589 

χ = 0.755, Ψ = 0.221 
λ = 1.486 

AIC (Ranking) 106,370.2 (5) 113,066.4 (9) 109,624.5 (6) 
BIC (Ranking) 106,393 (5) 113,089.4 (9) 109,647.4 (6) 

(Ranking) 42,078 (20) 45,271 (20) 42,327 (20) 
MAE (Ranking) 14.290 (10) 14.105 (10) 13.943 (7.50) 
MAPE (Ranking) 99.393 (6) 99.415 (5) 99.368 (5) 
RMSE (Ranking) 17.820 (12) 17.424 (11.50) 17.370 (14.50) 
Rank Sum 58.00 64.50 59.00 

17. Beta Prime Parameter estimation   α = 1.792, β = 16.920 
σ = 127.862 

α = 1.929, β = 14.096 
σ = 96.858 

α = 2.043, β = 6.886 
σ = 40.987 

AIC (Ranking) 106,586.3 (12) 113,329.6 (12) 110,157.7 (13) 
BIC (Ranking) 106,609.1 (12) 113,352.6 (12) 110,180.6 (13) 

(Ranking) 35.658 (9) 39.402 (9) 56.475 (12) 
MAE (Ranking) 14.290 (10) 14.105 (10) 13.943 (7.50) 
MAPE (Ranking) 99.405 (7) 99.426 (9) 99.376 (6) 
RMSE (Ranking) 17.820 (12) 17.424 (11.50) 17.370 (14.50) 
Rank Sum 62.00 63.50 66.00 

18.Generalized 
Beta (first 
kind) 

Parameter estimation τ = 0.663, α = 2.338 
β = 4.875, ϴ = 71.350 

τ = 0.442, α = 3.825 
β = 4.031, ϴ = 61.613 

τ = 0.899, α = 1.761 
β = 10.506, ϴ = 117.555 

AIC (Ranking) 106,180.9 (3) 112,805.4 (3) 109,540.7 (4) 
BIC (Ranking) 106,211.3 (3) 112,836.1 (3) 109,571.2 (4) 

(Ranking) 29.196 (2) 24.155 (2) 26.346 (1) 
MAE (Ranking) 14.291 (17) 14.106 (17) 13.944 (14.50) 
MAPE (Ranking) 99.405 (8) 99.421 (7) 99.383 (10) 
RMSE (Ranking) 17.820 (12) 17.424 (11.50) 17.369 (7) 
Rank Sum 45.00 43.50 40.50 

19.Generalized 
Beta (second 
kind) 

Parameter estimation   β = 64.594, r1 = 0.894, 
r2 = 8.175,r3 = 1.529 

β = 23.363, r1 = 0.477, 
r2 = 1.593, r3 = 2.694 

β = 37.021, r1 = 0.70,                
r2 = 3.937, r3 = 1.886 

AIC (Ranking) 106,533.3 (11) 113,534.2 (13) 109,876 (12) 
BIC (Ranking) 106,563.7 (11) 113,564.9 (13) 109,906.6 (12) 

(Ranking) 30.318 (5) 40.407 (10) 35.389 (8) 
MAE (Ranking) 14.291 (17) 14.105 (10) 13.944 (14.50) 
MAPE (Ranking) 99.413 (15) 99.437 (15) 99.392 (15) 
RMSE (Ranking) 17.820 (12) 17.423 (4) 17.369 (7) 
Rank Sum 71.00 65.00 68.50 

20.Generalized 
pareto 

Parameter estimation ξ = -0.249, μ = 0.872 
σ = 15.695 

ξ = -0.342, μ = 0.979 
σ = 17.696 

ξ = -0.239, μ = 0.918 
σ = 15.106 

AIC (Ranking) 105,520.7 (2) 111,912.8 (2) 108,670.3 (2) 
BIC (Ranking) 105,543.6 (2) 111,935.8 (2) 108,693.2 (2) 

(Ranking) 85.484 (15) 63.252 (14) 101.351 (15) 
MAE (Ranking) 14.288 (4.50) 14.105 (10) 13.941 (3.50) 
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Distribution 
Parameter Estimation 

and Consideration  
of Suitability Criteria 

Year 

2017 2018 2019 

MAPE (Ranking) 99.217 (3) 99.293 (3) 99.168 (2) 
RMSE (Ranking) 17.820 (12) 17.424 (11.50) 17.370 (14.50) 
Rank Sum 38.50 42.50 39.00 

 
 From Table 2, it is evident that the rank sum of the Log Pearson Type 3 distribution 
consistently ranks lower than that of other distributions, with sums of 25, 25, and 26 for the years 
2017, 2018, and 2019, respectively. A rank of 1 is assigned to criteria with the minimum value 
within a range of 1 to 20. These criteria encompass AIC, BIC, the Anderson-Darling test, and 
statistical accuracy measures such as MAE, MAPE, and RMSE. 
 The Log Pearson Type 3 distribution with the lowest AIC values 12,401.95, 12,402.81, 
and 12,794.21 for the years 2017, 2018, and 2019, respectively also exhibits the lowest BIC 
values 12,424.76, 12,425.82, and 12,817.13 for the same years. In terms of the Anderson-Darling 
test, it achieves the lowest values of 28.951, 22.836, and 26.349 for the respective years. 
Additionally, the distribution demonstrates superior accuracy as indicated by the lowest MAE 
values 0.255, 0.231, and 0.242 for the years 2017, 2018, and 2019 and the lowest RMSE values 
0.412, 0.398, and 0.406 for the same years. 
 However, it's important to note that the MAPE of the Log Pearson Type 3 distribution 
results in infinite values due to taking the log base 10 of raw data during the processing, leading 
to some values being zero. Consequently, this contributes to a low rank sum for the Log Pearson 
Type 3 distribution. The method for determining the appropriate distribution for delay times of 
domestic outbound flights should consider the ranking of criteria or test statistics to assess the 
distribution's suitability. 
 Among the six mentioned criteria, the distribution with the fewest results for each 
criterion or test statistic is deemed to have the lowest ranking. In conclusion, based on the lowest 
rank sum, we assert that the Log Pearson Type 3 distribution is the most appropriate probability 
distribution for describing the dataset of delay times for flights departing from Chiang Mai 
International Airport to airports in the central region for the years 2017, 2018, and 2019. 
 Comparing the results of our analysis in Table 2 with findings from other studies in the 
literature review, it's worth noting that our dataset pertains to flight delay times, representing 
continuous data. This choice is different from the analysis of flight characteristics for inbound and 
outbound airplanes in the USA.4 Furthermore, in a study on modeling the probability distribution 
of outbound flight delays in Indonesia.5 It was suggested that a distribution with four parameters 
provides the best fit for modeling flight delay. In our research, we considered both the 
Generalized Beta (first kind) distribution and the Generalized Beta (second kind) distribution, 
both of which include four parameters. Notably, the Generalized Beta (first kind) distribution 
ranked lower in our analysis, whereas the Generalized Beta (second kind) distribution received a 
higher ranking. 
 In addition, this study findings align with the results of analysis of the delay distribution 
of flights departure within Thailand.8 In their research, analyzing data related to flight delays 
from one airline at Bangkok, they similarly found that the Log Pearson Type 3 distribution and 
the Burr distribution provided the best fit for their data, which is consistent with our own 
findings. Thus, the Log Pearson Type 3 distribution appears to be the most appropriate model for 
our data as well.  
 For future research, we propose narrowing down the suitable probability distribution for 
delay times, with the goal of minimizing the time needed to identify extensive statistical 
distributions. Once the appropriate probability distribution for the delay times of domestic 
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outbound flights is identified, we can use this distribution to construct a model for in-depth 
studies. These studies will focus on reducing delays, analyzing economic losses, budgeting costs, 
and planning airline, airport, and passenger operations. 
 

Conclusion:  
  The study investigated the probability distribution of delays time of domestic flights 
departure from Chiang Mai international airport to airports located in the central region during 
the years 2017 to 2019. Our findings revealed that the most popular domestic flights departure 
was those heading to airports in the central region, accounting for 72.86% of the total 
experiences of flight delays.  
 As a result, our research collected a dataset of flight delay times (1 to 45 minutes), 
evaluated 20 distribution models, and found that the Log Pearson Type 3 distribution, estimated 
using Maximum Likelihood Estimation, provided the best fit. Various fit criteria supported this 
choice, making it the most appropriate for modeling delay times in domestic flights departure 
from Chiang Mai International Airport to central region airports from 2017 to 2019. 
 However, when considering flight delays, it's crucial to consider potential contributing 
factors such as adverse weather conditions, delayed inbound flights, passenger density at the 
airport, and other relevant variables. Future researchers exploring this topic should consider 
significant global events that could impact flight delays. Additionally, they may need to divide 
the data into smaller subgroups for more effective data management.  
Acknowledgements: Thank you to the Department of Statistics, Faculty of Science, Chiang Mai 
University, and Chiang Mai International Airport for their support in completing this research. 
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Abstract: 

This research aimed to investigate the awareness of parents in compliance with child 
car restraint regulations in Thailand. This work considered various factors, i.e., the Theory of 
Planned Behavior, Government Influence, Price Fairness, and Safety Awareness. The Theory 
of Planned Behavior consists of Attitude, Subjective Norm, and Perceived Behavioral 
Control. A survey questionnaire was completed by randomly selected parents in Thailand and 
only qualified subjects were included in the study. The data was collected from 409 
participants and results showed that certain variables have a significant impact on parents’ 
intention to use car seats.  An analysis of variance was conducted to test the null hypothesis 
that all variables are not have a significant effect. Hence, A multiple linear regression model 
was performed to explain the intention to use car seats based on Attitude, Perceived 
Behavioral Control, Price Fairness, and Safety Awareness scores. The model met all 
necessary assumptions and was successful in explaining the intention to use score with the 
correlation coefficient (R-square) of 0.873. 
Keywords : Theory Planned Behavior (TPB), Multiple Regression Analysis, Child Car 
Restraint 
 
Introduction: 

The car accident causes injured and public health problem. In Thailand, people lack 
awareness of using safety belt and child care restraints (CCR) for the passengers. Until now, 
not every family with kids uses child car seats.  In a moving vehicle, parents usually put kids 
on their lap or in the back seat. Recently, Thailand finally has a law that children under six 
must be placed in a car seat or a special seat for safety while sitting in a moving vehicle. The 
violations could mean a fine of up to 2,000 baht [1]. Recent research [2] in Thailand aims to 
study the parent’s knowledge in child car seat, however, the effect and results should be more 
followed up and evaluated since the compulsory use of CCR started on September 5, 2022. In 
Singapore, the study of Parental knowledge and beliefs on the use of child car restraints has 
been study using a qualitative method for example focus group discussion [3]. The model of 
information, motivation, and behavior skill was applied to evaluate the CCR usage behavior 
in China [4].   The study results revealed that parents’ cognitive, motivation and behavioral 
skills of CCR using have a significant impact on increasing parents’ use of CCR.   Many 
researchers have studied parents’ social and economic factors as well as their attitudes toward 
the use of CCR [3-4]. In addition, the study involving parent groups, both CCR user and non-
user groups, was studied and compared [5]. In Malaysia, most parents were aware about the 
using of CCR, but only half had a car seat for their current newborn [6].  

This research aimed to study the awareness and obstacles of CCR compliance to use 
infant restraint in Bangkok, Thailand. The interesting model composes of Theory Planned 
Behaviors, Government Influence, Price Fairness, and Safety Awareness. The research 
method is to develop a survey questionaries and to analyze relationship of variables in the 
intention to use. There are three objectives of this research. The first objective is to survey for 
the awareness of child car restraint compliance of parents or pregnancy women in Bangkok. 
The second objective is to evaluate the suitable model used to predict the parents’ intention in 
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using or buying car seat. The third objective is to propose the successive methods to enhance 
using child car restraints.  

A number of prior studies have shown that the theory of planned behavior (TPB) is 
effective in predicting intentions and behavior. This basic theory can explain the principles of 
consumer choice. The study is based on clarity about the context of social and individual 
processes that aid consumer decision-making. Two fundamental theories are relevant to this 
research. First, consumer decision-making patterns and buying behavior; and second, the 
Theory of Planned Behavior (TPB). The selection of theories concern consumer decision-
making and purchasing behavior, because choosing a car seat is a consumer decision. The 
theory is consistent with the decisions of other similar consumers. Selection of the Theory 
Planned Behavior (TPB) is because it is generally trusted for understanding the decision-
making process on the consumer side [7]. The consumer decision-making model and planned 
behavior theory is a cognitive model which deals with external situations and consumer 
stimuli which are internal processes, and prior learning (cognition). TPB is implemented to 
predict the parents’ intention to use child car restraints in Thailand. The government can 
influence environmental knowledge and behaviour through policies, regulations, monetary 
incentives and public campaigns [8]. The governmental influence as an individual’s 
perception of the environmental rules and regulations enacted by the government to promote 
pro-environmental behaviors. The rules and regulations put forth by the government have a 
tremendous impact on businesses, yet the impact on consumers is less know. For the price 
fairness, Equity Theory states that fairness is related to the distribution of outcomes and 
perceived fairness elicits as a result of the comparison between consumers’ expectations and 
the outcome that they receive [9].   Equity theory also stressed that comparison between 
products elicits price fairness evaluations [10].  Based on this view, it can be considered that 
when the price of the private label product is higher, it should provide additional benefit to 
the consumer for the price of this product to be evaluated as fair. Price fairness is “a 
consumer’s assessment and associated emotions of whether the difference (or lack of 
difference) between a seller’s price and the price of a comparative other party is reasonable, 
acceptable, or justifiable” [10].  The Safety Awareness is one variable that affect parent 
decision of using car seat for their children.  Road injuries are the leading cause of 
preventable deaths and injuries to children by using the right car seat in the right way. 
Correctly used child safety seats can reduce the risk of death by as much as 71 percent. 
Lastly, the intention to use or the intentional use refers to the intention behaviour of parents 
using the car seat for the safety of the child. TPB has been postulated as one of the key 
concepts for understanding consumer behavior. 

 Methodology: 
According to Figure 1, The survey research questionnaire was conducted according to 

the Theory Plan Behavior (TPB) [7], Government Influence, Price Fairness and Safety 
Awareness to evaluate the parents’ intention of buying car seat for their children.  The TPB 
composes of Attitude, Subjective Norms, and Perceived Behavioral Control, was applied to 
develop the survey questionnaire.  Therefore, the survey questionary composes of 7 parts : 1) 
General Information, 2) Attitude, 3) Subjective Norms, 4) Perceived Behavior Control, 5) 
Government Influence, 6) Safety Awareness and 7) Price Fairness. The first part is about 
general information of the respondents. The 2), 3) and 4) part is theory plan behavior. The 5) 
part is the government influence issues to evaluate the perception of government policy about 
the CCR law enforcement, car seat’ s price and consumer tax benefit, and the car seat supply 
by the government. The 6) part is about safety concern. The 7) part is about the car seat’s 
price perception of parents. The last part is to evaluate parents’ intention to use. The 
questionnaire used a 5-point Likert scale. 
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The survey questionnaire is developed according to Table 1. The null hypothesis is all 
six independent variables are not significant affect the intention to use car seat of parent. The 
alternative hypothesis is at least one independent variable significantly affecting the intention 
to use. To analyze the relationship between the factors in the problem model, the multiple 
regression analysis is applied. The data was processed using the Statistical Package for Social 
Sciences version 23 (IBM Corp, Armonk, NY, USA) [11]. 
 

 
Figure 1  

The Research Framework 
 

Table 1 
Research Questionnaire 

Part 1 Theory Plan Behavior (TPB) 
Attitude (A): 
1. I think car seat is necessary for safety of children. 
2. I think car seat is a valuable product 
3. I am interested in searching car seat information 
4. Using car seat for child is normal and must strictly compliance 
5. I am agreeing with the concept of car seat design for child’s safety  
Subjective Norms (SN): 
6. Important person to you also recommend me to use car seat for your children 
7. Important person to you also realize the usefulness of using car seat 
8. Important person to you also realize that car seat is safety equipment for children 
9. Important person to you also realized that car seat can relieve injuries for children. 
10. The parents who I know mostly use car seat for their children 
Perceived Behavioral Control (PBC): 
11. I dedicate my time to search for more information of car seat for vehicle 
12. I have enough budget to buy car seat for my children 
13. I am ready if I must buy car seat for my children to install to my vehicle 
14. I believe that car seat can protect my children 
15. I will choose the vehicle that support car seat installation easily.  
Part 2 Government Influence (GI): 
16. The benefit of tax discount for import car seat will encourage my decision of buying  
17. The compliance of Thai’s law of car seat will stimulate car seat purchasing 
18. The government explicitly complies the child car restraints 
19. Car seat pricing policy supported by the government and the related organization 
20.  Strategy and plan for car seat manufacturing supported by the government, thus the 
car seat price decrease and parent can effort. 
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Part 3 Safety Awareness (SA): 
21. I think car accident results in serious injury and death will explicitly relieve if parent 
use car seat with their child. 
22. I realized that car seat is importance for travelling with children 
23.  I think car seat is importance even though it is expensive. 
24. My children always ride with car seat 
25. I insist my children to use car seat even though they refuse 
Part 4 Price Fairness (PF): 
26. I think the car seat price is appropriate especially comparing to safety concerning. 
27. I agree and trust with the material and design of car seat in the market 
28. The car seat price is reasonable for me to buy 
29. The car seat price is affordable for other parents 
30. The car seat models and price are variety and valid for buying justification of parents. 
Part 5 Intention to Use (IU): 
31. I plan to buy car seat once I have a child.  
32. I plan and ready to buy car seat for my child. 
33. Car seat is the important appliance which I certainly supply for my child 
34. Even though car seat’ price is high but I will certainly purchase for my child.  
35. Car seat is the best solution for my child when travelling.  

 
Results and Discussion:  

The research was conducted by using the filtering questions for only parents whose 
children’ age is under seven years old. The useable collected data are from 409 subjects 
which are classified as 93 males and 316 females. The proportion is 77.3 percentage of 
female and 22.7 percentage of male. The descriptive statistics of subjects is described in 
Table 2. The most respondents’ age are 25 to 44 years old (87.5%).  The respondents’ 
education mostly are bachelor’s and master’s degree (82.9%). Most respondents have salary 
between 15,000 to 65,000 baths and live in Bangkok, the capital of Thailand (77.3%). Most 
respondents about 75.2 percentage of parents have one kid and about 21 percentage of 
parents has two kids. The multiple regression analysis is applied according to the six 
independent variables which are as following: 

X1 is Attitude Variable of TBP 
X2 is Subjective Norm Variable of TBP 
X3 is Perceived Behavioral Control of TPB 
X4 is Government Influence Variable 
X5 is Safety Awareness Variable 
X6 is Price Fairness Variable 
Y is the intention to use, dependent variable 

The research null hypothesis is all six independent variables do not affect the intention of use 
(Y) and the alternative hypothesis is at least one independent variable affect the intention of 
use (Y). The multiple linear regression analysis is applied. According to the analysis of 
variance for the regression model in Table 3, the fitting model well represents the data since 
the p-value is less than 0.05. The correlation coefficient value of 0.873 mentioned in Table 4 
also present high degree of correlation in data with the fitting model. 

 

Y = -0.426 + 0.195X1 + 0.264X3 + 0.565X5 + 0.110X6 
 

For the analysis of variance according to Table 5, the independent variables those 
significantly affects the intention of use are Attitude (X1), Perceived Behavioral Control (X3), 
Safety Awareness (X5), and Price Fairness (X6) since the significant values are less than 0.05.  
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Table 2 
Data Descriptive of Respondents 

Characteristics Frequency Percentage 
Sex Male 93 22.7 

Female 316 77.3 
Age 25 to 30 173 42.3 

35 to 44 185 45.2 
45 to 54 47 11.5 
55 to 64 3 0.7 
65 and over  1 0.2 

Education Under bachelor’s degree 58 14.2 
Bachelor’s degree 226 55.3 
Mater’s Degree 113 27.6 
Doctor’s Degree 12 2.9 

Salary Less than 15,000 Baht. 52 12.7 
15,000 to 40,000 185 45.2 
40,001 to 65,000 91 22.2 
65,001 to 90,000 33 8.1 
90,001 to 125,000 18 4.4 
Over 125,000 30 7.3 

Occupancy Private Company Employee  191 46.7 
Public Employee 35 8.6 
Government officer 46 11.2 
Freelance 53 13.0 
Business Owner 51 12.5 
Housewife/husband 33 8.1 

Residency/ 
Address 

Bangkok 316 77.3 
Central of Thailand 41 10.0 
Eastern of Thailand 13 3.2 
Western and South of Thailand 8 2.0 
North of Thailand 14 3.4 
East-North of Thailand 17 4.2 

Car Seat 
Accepted Price 

Lower than 1000 Baht 13 3.2 
1,001 to 2,000 59 14.4 
2,001 to 3,000 95 23.2 
3,001 to 4,000 56 13.7 
4,001 to 5,000 65 15.9 
More than 5,001 121 29.6 

Number of your 
Children 

1 308 75.3 
2 86 21.0 
3 8 2.0 
4 5 1.2 
5 and Over 2 0.5 

Type of Vehicle 
for installing 
Car Seat 

Standard Car with 5 seats 243 59.4 
B-SUV with 5 seats for Less 37 9.0 
SUV with 5 to 7 seats 81 19.8 
Truck 26 6.4 
Van  22 5.4 
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Table 3  

Analysis of Variance of Multiple Linear Regression Model 
Model Sum of Squares df Mean 

Square 
F significance 

Regression 166.592 6 27.765 214.835 0.000b 
Residual 51.955 402 0.129   

Total 218.547 408    
aDependent Variable: Intention to use (Y) 
bPredictors: (Constant), PF26_30, Attitude1_5, GI16_20, SN 6_10, PBC 11_15, SA 21_25 
 
 

Table 4  
The regression model summary 

Model R R-square Adjusted R-Square Std. Error of the 
Estimate 

1 0.873a 0.762 0.759 0.35950 
 
 

Table 5 
Analysis of variance of the Multiple Linear Regression Model 

Model Mean 
Score 

(base on 
5-point 
scale) 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Signifi-
cance 

Beta Std. 
Error 

Beta  

Constant  0.426 0.159  -2.684 0.008 
X1: Attitude 4.59 0.195 0.047 0.154 4.123 0.000 
X2:  Subjective 
Norm 

4.29 0.047 0.032 0.047 -1.481 0.139 

X3: Perceived 
Behavioral 
Control 

4.31 0.264 0.040 0.254 6.625 0.000 

X4: Government 
Influence 

4.11 0.026 0.029 0.025 0.896 0.371 

X5: Safety 
Awareness 

4.49 0.565 0.043 0.504 13.111 0.000 

X6: Price 
Fairness 

3.96 0.110 0.029 0.116 3.773 0.000 

 
The results based on Theory Planned Behavior (TPB) show that respondents have highest 
score for the attitude (4.59) of using car seat and greater than perceived behavioral control 
(4.31) and subjective norm (4.29). Most parents aware of their children’s safety since the 
score is 4.49. Finally, the majority of the parents intend to use car seat since the score is 4.48. 
 
 
Conclusion:  

Most of the parents of the respondents living in Bangkok have high attitude of 
intention to use car seat and high awareness of safety. The intention to use highly related to 
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parents’ attitude, perceived behavioral control, safety awareness, and price fairness. The 
government influence and subjective norm are not affecting the parents’ intention to use car 
seat. Since, most parents have only one child, and some of them have two children, the cost 
of car seat may affect the parents’ decision. Therefore, the possible policy is providing the 
system of second hand or used car seat from the only child parents. In addition, the 
government should put more effort to announce the child car restraint law and to provide 
variety sources of purchasing car seat.    
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Abstract:  

Wat Pho, aspiring for UNESCO World Heritage Site recognition, has garnered international 
acclaim for its inscription, offering rich insights into Thai culture and the era of Phra Phutthayotfa 
Chulalok Maharaj. Recognized as Thailand's earliest public education center, UNESCO acknowledges 
its marble illustrations and inscriptions. Wat Pho, renowned for its Thai medicine school and as the 
birthplace of traditional Thai massage, provides a unique experience with a historical hermit statue 
displaying exercise postures. To preserve this history and offer a modern experience, we developed a 
mobile application integrating Google Maps for navigation, 3D and AR for hermit statue display, and 
Firebase for data management. In a machine learning experiment, we successfully employed 
convolutional neural networks to detect the hermit statue, achieving an 87.92 percent accuracy in 
classifying its exercise posture.  

 
Introduction:  

Wat Pho is actively seeking recognition as a UNESCO World Heritage Site, with the 
inscription of Wat Pho gaining international acclaim. This recognition is attributed to the rich 
historical information it provides about Thai culture, especially the Phra Phutthayotfa 
Chulalok Maharaj era. The temple features a notable hermit statue displaying historical 
exercise postures and massage techniques, offering visitors a unique perspective on Thai 
culture and a deeper understanding of history. As the earliest center for public education in 
Thailand, UNESCO acknowledges Wat Pho for its marble illustrations and inscriptions, 
serving as a valuable resource for public instruction. Beyond its educational role, the temple 
is a hub for Thai medicine education and is renowned as the birthplace of traditional Thai 
massage, which continues to be actively taught and practiced. Recognizing the significance of 
this historical site, a mobile application has been developed to facilitate a contemporary 
exploration of Wat Pho. The application leverages Google Maps for direct navigation within 
the temple premises, supplemented by subtitles to provide historical context for each location. 
Additionally, the app incorporates 3D technology and Augmented Reality (AR) via 
smartphones to present the hermit statue in a 360-degree view. To enhance the visitor 
experience, the application also provides recommendations for popular restaurants near the 
temple, with efficient data management facilitated by Firebase. 

In summary, the mobile application serves as a bridge between the modern and 
historical aspects of Wat Pho, contributing to an enriched visitor experience and supporting 
the tourism sector. In this project, the statue of a hermit that shows the exercise posture was 
detected using machine learning-based object detection. The experimental results indicate 
that adopting a convolutional neural network for training to detect a hermit that shows the 
exercise posture can be successfully used to detect. The proposed algorithms can be utilized 

248



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

to classify the type of a hermit that shows the exercise posture with an accuracy rate of 87.92 
percent. 

 
Related Theory:  
A. Wat Pho 
Wat Pho, officially named Wat Phra Chetuphon Wimon Mangkhalaram Rajwaramahawihan, 
holds the prestigious status of a first-grade royal monastery, making it a paramount 
establishment during the reign of King Rama I from the Chakri Dynasty. Its significance lies 
in the king's commendable restoration efforts for Wat Phodharam, an ancient monastery 
dating back to the Ayudhya period. This monastery was subsequently re-established as a 
royal sanctuary located in close proximity to the Grand Palace. 

Underneath the pedestal of the principal Buddha image, known as Phra Buddha Deva 
Pāmākorn in the main chapel, some ashes of King Rama I are preserved. Occupying a vast 
area of 20 acres, Wat Pho is situated to the south of the Grand Palace, bordered by Thai 
Wang Road to the north, Sanam Chai Road to the east, Se hakan Road to the south, and 
Maharat Road to the west. Enclosed by a towering white wall along Chetuphon Road, the 
monastery is divided into two primary quarters: the sacred section (Buddhavas) and the 
residential area (Sangghavas), each serving distinct purposes [1][2]. 
 
B. Machine Learning  
Machine Learning (ML) [3] is the use of mathematics and computer science to teach 
computers to learn and make judgments without having to follow strict rules. Machine 
learning can read and interpret the information offered by humans so that they can make the 
judgments that human desire. There are numerous versions, including the following tasks. 
 a. Predict new types of data that machine learning has never seen before, what is the 
value, and what category does it belong to. 
 b. Group data by using information in the same group that has similar qualities. 
 c. Separate particular types of data from the rest of the data, such as speech from 
voice and environment. 
 d. Learning from the original interests to introduce new pieces of information that 
humans are predicted to be interested. The advantages of machine learning are numerous. 
Anyone or any organization that wants to employ machine learning in their job.  

Machine learning can be divided into two categories: the first category is supervised 
learning which provide a class label in the dataset. For instance, regression that can find 
numerical responses, such as nutritional information for child, what the expected height of 
this child is. Classification that come up with a categorical answer, such as a prophecy for the 
Thoracic X-ray image. Whether or not the patient has lung cancer (the answer is yes/no, 
hence the name is binary). Alternatively, supply information about a child's relatives in order 
to anticipate the child. This one is in the good development/normal development/slow 
development category (the answer will have many groups which called multiclass 
classifications). The second category is unsupervised learning which the fact that no one 
knows the correct answer is. For example, clustering which build communication strategies 
with diverse categories of customers, group information, such as donor information, into 
three groups. Other non-clustering difficulties, such as detecting part data, are addressed in 
section. Other example of unsupervised learning are anomaly detection, recommendation 
system that provides material that users are likely to be interested in. 
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C. Nomad sculpt  
  Nomad Sculpt [7] is a 3D sculpting application designed for use on mobile devices, 
such as tablets and smartphones. It provides a portable and intuitive platform for artists and 
designers to create digital sculptures using touch-based controls. Key features of Nomad 
Sculpt may include: Sculpting Tools: Nomad Sculpt typically offers a variety of sculpting 
tools, allowing users to shape, mold, and refine their digital creations. User Interface: The 
interface is optimized for touch-based input, making it easy for users to navigate and interact 
with the sculpting tools. Multiresolution Sculpting: Users can work with multiple mesh 
resolutions, allowing for flexibility in adjusting the level of detail during the creative process. 
Voxel Remeshing: This feature allows for quick and uniform remeshing of the mesh, which 
can be useful for refining shapes during the initial stages of sculpting. Dynamic Topology: 
Dynamic topology enables the refinement of the mesh locally under the brush, automatically 
adjusting the level of detail as needed. Painting Tools: Nomad Sculpt often includes painting 
tools for adding color, roughness, and other material properties to the sculptures. Layers: 
Sculpting and painting operations can be recorded separately in layers, providing a non-
destructive workflow and easy iteration. File Compatibility: The application may support file 
formats such as glTF, OBJ, and STL, allowing users to save and open their sculpted 
creations. 
 
F. Related work. 

In [4] delivers a thorough examination of augmented reality (AR) technology, 
capturing its state at that time and projecting insights into applications, challenges, and future 
paths. Azuma defines AR as a system merging real world and computer-generated elements 
in a real-time interactive environment. Characteristics include real-time interaction, 3D 
registration of virtual and real-world coordinates, and a display seamlessly blending virtual 
and real imagery. The paper delves into essential AR system components, covering hardware 
(sensors, displays) and software (tracking algorithms, rendering). Technologies such as head-
mounted displays, spatial tracking, and registration techniques are explored. Azuma identifies 
diverse AR applications: medical visualization, maintenance, gaming, education, and 
collaborative workspaces. Each application undergoes scrutiny for its specific challenges and 
contributions to AR technology development. Addressing challenges like tracking 
inaccuracies, display technologies, and the need for improved user interfaces. Azuma's survey 
establishes a foundational understanding of AR, presenting a categorization framework and 
insights into applications. Despite its 1997 publication, the concepts and challenges discussed 
retain relevance, offering enduring value to AR researchers and practitioners. 

In [5], the paper anticipates widespread integration of Augmented Reality (AR) 
technologies, poised to revolutionize our perception of the environment through enhanced 
visual, auditory, and sensory experiences. Intended applications span diverse fields like 
education, maintenance, design, and reconnaissance. The document provides an overview of 
AR, encompassing a concise definition, historical development, enabling technologies, and 
their features. It surveys the current state of the field, highlighting recent applications and 
acknowledging human factor limitations in AR system use, emphasizing the challenges 
developers must address.  

In [6], Over the past decade, the utilization of augmented reality (AR) applications to 
aid individuals with special needs, including intellectual disabilities, autism spectrum 
disorder (ASD), and physical disabilities, has significantly increased. This growth, 
particularly in supporting individuals with autism, has spurred extensive research into the 
technology's efficacy in addressing autism-related challenges. This study conducts a 
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systematic review using the PRISMA methodology to assess the effectiveness of AR in 
rehabilitating and training individuals with ASD. After a thorough search of relevant 
databases, 25 articles meeting inclusion criteria were selected for analysis. The studies 
covered diverse areas such as social interaction, emotion recognition, cooperation, learning, 
cognitive skills, and living skills. The results demonstrate that AR interventions were most 
effective in enhancing social skills, followed by improvements in learning, behavioral, and 
living skills. The systematic review identifies limitations in current research designs, control 
groups, sample sizes, and assessment methods, offering insights for future research. Overall, 
the findings suggest that augmented reality holds promise as a practical tool for supporting 
individuals with ASD in daily activities and fostering their social interactions. 
 
Methodology:  
In this section, we describe procedures and methods of developing application as follows. 
 

 
Figure 3. 

System Architecture overview. 
 

       Figure 3 provides an overview of the system architecture. The system architecture 
details are as follows: Admin Functions: The administrator has the capability to add, delete, 
and edit data directly from the mobile application. Tourist Usage: Tourists can utilize the 
mobile application while exploring Wat Pho, gaining access to detailed historical information 
about the site. Database Operations: Admin actions, such as adding, deleting, or editing 
interesting places, are recorded in the database. The data related to these actions are 
transmitted to the server, facilitating information exchange within the system. The usecase 
diagram of system are shown in Figure 4. 
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Figure 4. 

Use case diagram. 
In this research, we use the dataset to train the YOLOv4 network on the class hermit 

that shows the exercise posture in Wat Pho. You Only Look Once is referred to as YOLO. 
One-Stage Detectors and Two-Stage Detectors are the two primary families of this object 
detection model, which is employed in deep learning use cases. The category of One-Stage 
Detectors includes YOLO. A sliding window strategy combined with classification entails 
looking at the image and classifying it for each window. In terms of accuracy (average 
precision) and speed (FPS), the two metrics often use to evaluate an object identification 
algorithm, YOLOv4 has improved over YOLOv3. The YOLOv4 model's greatest strength is 
its ability to train models on a single GPU.  

The hermit statue detection process involves two models. In the first model (model 1), 
an uploaded user image undergoes processing to identify bounding boxes containing 
predicted persons, each associated with a probability score. Instead of returning these outputs 
to the user, the system forwards them to the second model (model 2). Model 2 is responsible 
for determining the specific type of exercise posture exhibited by the hermit statue. Users 
have the flexibility to input images of varying sizes and resolutions, as the program 
automatically adjusts the image size to 416x416 pixels, following the YOLO format. The 
algorithm seamlessly integrates object detection to identify the hermit statue and 
subsequently determines its exercise posture type. Finally, all outputs, including the 3D 
model of the hermit statue displaying the identified exercise posture, are presented to the user 
for display.  

 
Results and Discussion:  
This section focuses on presenting the outcomes of the mobile application, highlighting its 
functionality within the predefined scope of the project. Specifically, it delves into the Home 
Page of the application, which serves as the main menu. The application's home page is 
visually represented in Figure 5.  
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Figure 5. 
Home Page. 

The application's "Display Place Details" page displays information about various locations 
within the temple along with their respective historical details. Users are provided with the 
option to select their preferred language from Thai, Chinese, or English, offering a 
multilingual feature, as illustrated in Figure 6. 
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 Figure 6. 

Display Place Details. 
 

  Admin can add, edit, and delete place details from this page as shown in Figure 7.   
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Figure 7. 

Admin page. 
 

 The application employs Augmented Reality (AR) technology to present a 360-degree 
view of the Hermit, accessible via smartphones. Users have the option to choose their 
preferred Hermit, as depicted in Figure 8 and Figure 9. This feature allows for an interactive 
and immersive experience with the Hermit using AR technology.  

 

 
 Figure 8. 

3D Twisted Hermit. 
 

255



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

 
Figure 9. 

3D Twisted Hermit. 

Performance Indexed 
The confusion matrix is a potent technique for assessing the performance of classification 

results. It provides a detailed representation of predicted and actual classes, aiding in the visualization 
of classification errors. The matrix is structured such that each row corresponds to the predicted class, 
and each column represents the original class. The evaluation metrics derived from the confusion 
matrix include precision, recall, F1 score, and accuracy, calculated using the following equations:: 

                                             (1) 

where TP is the true positive value and FP is the false positive value. Precision is the value 
that measures the number of correct predicting answers by dividing by the total number of images in 
the dataset. 

                                                    (2) 

where TP is the true positive value and FN is the false negative value. Recall is the value that 
measures the number of correct predicting answers for each class and is divided by the total number 
of that class which is the ground truth. 

                              (3)         

where Precision is the precision value calculated from (1) andRecall  is the recall value 
calculated from (2). 

                                                (4)         

 where TP is the true positive value, TN is the true negative value, and N is total number of 
images. 

 The classification results obtained by applying the proposed algorithms to detect the 
hermit that shows the exercise posture inside image were used to demonstrate the 
experimental findings. Consequently, the classification accuracy ensures the efficiency of our 
image classification algorithms. Table. 1 illustrates the categorization accuracy. The 
experimental results indicate that adopting a convolutional neural network for training to 
detect a hermit statue in image can be successfully. The proposed algorithms can be utilized 
to classify the type of activity of the hermit that shows the exercise posture with an accuracy 
rate of 87.92 percent.  
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Table 1: Comparison of average precision of classification between traditional deep learning 
and proposed classification technique 

Classification technique Precision 
AlexNet 87.18% 
YOLO 85.67% 
CNN 86.85% 
proposed classification 87.92% 

 
Conclusion:  
In conclusion, this section provides a comprehensive overview of the operational outcomes of 
the Wat Pho application, emphasizing its key functionalities. The major achievements include 
users gaining access to historical information, exploring a 3D model of the temple, utilizing 
navigation features, obtaining information about surrounding shops, and accessing travel 
details to the temple. Despite these successes, certain challenges were encountered, such as 
the large installer size, camera connectivity issues on specific devices, inaccurate model 
display on some devices, and occasional slow operation. To address these challenges and 
further enhance the application, the following suggestions are proposed: optimize the installer 
size, improve camera connectivity, enhance model rendering, optimize application 
performance, and ensure full functionality within the entire Wat Pho area. Future 
development should focus on increasing application speed and incorporating additional user 
functionalities. 
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Abstract:  

The described system presents an all-encompassing framework for the management of 
taekwondo poomsae competitions. It seamlessly integrates blockchain technology, wireless 
networks, mobile computing, and cloud computing, providing abundant computational 
resources to network operators, mobile consumers, and cloud computing providers. 
Comprising four primary components, namely the competition-verified network system, the 
judging and scoring competition mobile application, the display competition mobile 
application, and the competition information mobile application, these applications are 
compatible with both Android and iOS platforms. The system ensures highly accurate and 
reliable competition results, adhering to the layout regulations stipulated by World 
Taekwondo (WT). To safeguard participants' private data, the mobile application encrypts 
device information and stores a unique identifier (hash) of the encrypted data on a 
blockchain. Digital credentials can be stored in a dedicated system or within the mobile 
application for convenient sharing and printing. Referees gain the ability to verify the origin, 
recipient, and authenticity of competition results. The scoring system establishes standardized 
patterns for the issuance and validation of credentials across different blockchains. 
Employing a blockchain-based routing scheduling model, the system allows routing nodes to 
dynamically request and obtain routing information. A proof-of-authority consensus 
algorithm, tailored for private networks, guarantees data integrity, prevents signature delays, 
and fortifies against malicious node attacks. With a remarkably low processing time of 0.297 
seconds, significantly faster than other algorithms, the proposed algorithm capitalizes on the 
strengths of both DL and LIF algorithms. 
 
Introduction:  

Taekwondo Poomsae represents the traditional facet of Korean martial art in 
Taekwondo, characterized by a structured sequence of offensive and defensive maneuvers 
executed against an imaginary opponent. It constitutes a predetermined set of movements that 
progressively increase in complexity as one advances in learning. In preparation for the 
upcoming advertising exam, individuals typically learn a specific poomsae for each belt level. 
The practice of each poomsae involves mentally envisioning imaginary adversaries attacking 
from various directions. The regulations outlined here pertain to internationally recognized 
poomsae and adhere to the norms and competition rules established by World Taekwondo 
(WT). The rules for poomsae competitions are designed to handle matters related to 
competitions at all levels, as promoted and organized by the WT, its Continental Unions, and 
National Associations. The overarching goal is to ensure fair and smooth management of 
poomsae competitions while implementing uniform regulations. The research also mentions 
the categorization of poomsae taekwondo competitions into two types:  

1. Poomsae: This category encompasses poomsae patterns that have been officially 
defined and scoring follows the guidelines provided by WT. 
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2. Free Style Poomsae: Contestants in this category create their own poomsae patterns 
within the principles of Taekwondo's combat techniques, accompanied by music. Free Style 
Poomsae patterns are designed by individual Taekwondo practitioners. 

 
 
 
 

Figure 1.  
Movement Pattern Name of Poomsae 

 
Methodology:  

The methodology aims to describe the system for managing taekwondo poomsae 
competitions, which utilizes blockchain technology, wireless networks, mobile computing, 
and cloud computing. The system is designed to provide abundant computational resources to 
network operators, mobile consumers, and cloud computing providers. This methodology 
outlines the four main components of the system and how they work together to ensure 
highly accurate and reliable competition results while safeguarding participants' private data. 
The methodology of the system described in the Abstract is as follows: 

1. The competition area layout is designed to follow the regulations set by WT. 
2. A mobile application is developed for judges and scorers to use during competitions. 

The mobile application encrypts device information and stores a unique identifier (hash) of 
the encrypted data on a blockchain to protect participants' private data. Digital credentials can 
be stored in a dedicated system or within the mobile application for easy sharing and printing. 
Referees can verify the origin, recipient, and authenticity of competition results. 

3. A blockchain-based scoring system is established to standardize patterns for granting 
and validating credentials across different blockchains. 

4. A blockchain-based routing scheduling model is employed to allow routing nodes to 
dynamically request and obtain routing information. 

5. A proof of authority consensus algorithm, is used to ensure data integrity, prevent 
signature delays, protect against malicious nodeattacks. 
 
Results and Discussion:  

The results show that the system is highly scalable and can handle a large number of 
users and transactions. The system is also able to achieve a high level of accuracy and 
reliability in competition results. The proposed system offers several advantages over 
traditional taekwondo poomsae competition management systems. First, the system uses 
blockchain technology to ensure the security and integrity of competition data. Second, the 
system uses mobile computing technologies to provide a convenient and user-friendly 
experience for judges and scorers. Third, the system uses cloud computing technologies to 
provide abundant computational resources and scalability. The system has the potential to 
revolutionize the way taekwondo poomsae competitions are managed. The system can help to 
improve the accuracy and reliability of competition results, reduce the workload on judges 
and scorers, and make the competition experience more enjoyable for everyone involved. The 
system is able to provide real-time feedback to participants, as evidenced by the use of 
scoreboards and electronic displays. The results and discussion section should provide a 
detailed analysis of the system's performance, including its strengths, weaknesses, and 
limitations.  
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1. System 
The system integrates blockchain technology with mobile cloud computing and utilizes 

various programming languages. The system is built on a background architecture driven by 
blockchain, ensuring the accuracy and reliability of competition results. The competition area 
layout adheres to the requirements of WT and is divided into four main parts: 

 
 

 
 
 
 
 
 
 
 
 
 

Figure 2.  
Judging Competitions System 

 
1.1 Competition Verifies Network System (CVNS): This component establishes a 

wireless communication network architecture to support mobile device usage. Transaction 
information is supervised using a proof of authority blockchain platform, providing a 
distributed routing environment. 

1.2 Judging and Scoring Competition Mobile Application (JSCMA): The mobile 
application empowers judges to allocate points to athletes based on predefined scoring 
criteria, resulting in more equitable judgments. The app incorporates embedded features that 
enhance the efficiency of the judging process, thereby streamlining competition management. 

1.3 Display Competition Mobile Application (DCMA): This element is dedicated to 
presenting live competition results to the audience. Judges input their scores into the JSCMA 
system following each poomsae performance. The DCMA monitors automatically display the 
comprehensive scores, omitting the highest and lowest scores assigned by the judges. 
Subsequently, the final score and individual scores are showcased on the monitors for 
audience viewing. 

1.4 Competition Information Mobile Application (CIMA): This element enables regular 
users to track and access tournament information, offering the choice to receive immediate 
notifications regarding competition outcomes. Emphasizing app wrapping, it prioritizes 
functionality, efficiency, and user satisfaction, permitting adaptable IT management for 
application implementation and policy adjustments. CIMA presents a comprehensive set of 
competition data, facilitating the monitoring of competition progress in each court for 
spectators, officials, athletes, coaches, and judges. 

2. Operations 
The system's operations encompass network management, competition scoring, data 

security, and user accessibility to ensure the accurate and secure management of taekwondo 
poomsae competitions, all while adhering to the rules and standards set by WT. 

2.1 Verified Blockchain-Secured 
The increasing prevalence of blockchain technology as a distributed ledger for in-

formation sharing. It compares the operation of blockchain to the propagation of ge-netic 

CVNS DCMA 

DIMA 

JSCMA 
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information in living organisms, where new blocks are added to the blockchain as 
transactions occur and the system becomes more complex. 

A blockchain-based identification scheme for judges, where each judge is uniquely 
identified by their public key. Judges authenticate themselves by using their secret private 
key, often associated with a biometric identifier like a fingerprint. Their personally 
identifiable information is recorded and linked to their public key using a mobile application 
installed on their device. The application encrypts private data, uploads a hash to the 
blockchain, and stores digital credentials either externally or within the app. This enables 
judges to easily share and validate their credentials. The scoring system aims to establish 
standardized patterns, allowing for the issuance and verification of credentials across any 
blockchain. It emphasizes the importance of individuals having ownership and the ability to 
demonstrate their significant digi-tal records in a secure and reliable manner. 
 
 
 
 
 
 
 

 
 
 
 

Figure 3.  
Structure of Verified Blockchain-Secured Identity 

 
2.2 Node Routing Network 
The routing network consists of routing nodes and terminals, with routing nodes 

maintaining individual networks to connect multiple terminals. Their main function is to 
receive and forward packets within the network. In our blockchain-based plat-form, the 
transaction information is collectively supervised by all network nodes, creating a distributed 
routing environment for obtaining global routing information. With our proposed blockchain-
based routing scheduling model, routing nodes have the capability to actively request and 
acquire routing information from the blockchain network. 
 
 
 
 
 
 

 
Figure 4.  

Algorithm of Strengthening Learning and Routing on Blockchain 
 
This model also establishes a trusted routing environment that complements traditional 

routing algorithms. The blockchain network operates on a consensus system known as Proof 
of Authority, which requires validation from more than half of the authenticated nodes in 
order to upload transactions and update routing information. As a result, the data stored on 
the blockchain cannot be manipulated by individuals. The nodes in the network record 
various blockchain transactions, including token-release agreement transactions, transfer 
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tokens transactions, and transactions related to the operational features of routing nodes in 
contracts. These transactions contribute to the comprehensive record of the blockchain's 
activities in the routing domain. 

The proposed research introduces a supplement schedule leveraging the dynamic, 
global, and reliable information provided by the blockchain platform. In the context of the 
study, Cs denotes the table containing packets sent to the routing node ds. Valuable insights 
are extracted from the blockchain network learning model, including the timestamp of token 
transactions denoted by S array. The current position of the packets to be transmitted is 
represented by state a, indicating their location at routing node a. The action P, derived from 
the current state a, entails forwarding the packets to the subsequent routing node db. The 
execution space E(a) encompasses the entire range of activities performed by the routing 
nodes. The metric Cs(a, bz) quantifies the differential queue length between routing nodes da 
and daz. This metric plays a crucial role in determining the likelihood of da transmitting 
packets to daz. A higher value of this metric increases the probability of transmission. 
Consequently, if a routing node manipulates the queue length to appear reduced, it can 
enhance the likelihood of receiving packets from other routing nodes. 

 
Cs(a,b) = Cs(a,b)+L(d+RCs(a',b')-Cs(a,b)); 

 
When the value of L is set to one, it indicates that the learning algorithm disregards the 

original Cs. The parameter L, with 0 ≤ L ≤ 1, represents the learning rate of the C variable. 
The reward discount R signifies the significance of the next state in relation to the current Cs. 
A higher value of R implies a stronger influence of the next state on the present Cs. The 
reward value d plays a significant role in motivating routing nodes to optimize their routing 
decisions. It is calculated based on various factors, including the transmitted timestamp and 
the address array. In our reinforcement learning framework, denoted as d, the reward value is 
associated with the number of tokens offered, discouraging malicious nodes from engaging in 
non-forwarding behavior as outlined in the threat model. 

 
P(a) = arg maxbz cs(a,bz)·Cs(a,bz); 

 
The learning model aims to generate a routing node policy, P, by analyzing relevant 

routing data from the blockchain. This policy determines the next hop for packets based on 
cs(a,bz)·Cs(a,bz) values. The probability distribution of bz is selected based on the state and 
action space, ensuring accurate routing. Higher values of cs(a,bz)·Cs(a,bz) indicate a higher 
likelihood of executing the policy P(a)=bz 

2.3 Judge and Referee of Hybrid Signature 
The advantages of both the Large Integer Factorization (LIF) and Discrete Logarithm 

(DL) algorithms. By combining these two algorithms, the hybrid signature algorithm 
achieves a robust. The objective is to achieve data integrity, minimize signature latency, 
protect against malicious node attacks. The algorithm consists of three main components: 
parameter selection, signing, and verification.  
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Figure 5.  
Process of Hybrid Signature 

The LIF algorithm is known for its lightweight blockchain public key system, relying 
on the difficulty of factoring large integers, while the DL algorithm is the foundation of the 
Digital Signature Standard, based on the complexity of the discrete logarithm. By combining 
these algorithms in a hybrid approach, the proposed signature algorithm enhances both 
security and efficiency in data signing and verification processes. The goal is to meet safety 
requirements while minimizing signature latency. This approach provides robust data 
authentication in various applications by leveraging the complementary strengths of the LIF 
and DL algorithms. 

2.3.1 Parameter Settings 
The proposed hybrid signature algorithm involves the reception of raw data and key 

pairs by the node and smart terminal respectively. Additional parameters, consistent with the 
DL algorithm, are incorporated alongside the primary parameter settings. The utilization of 
public parameters (H, q, p, g) in the data signature process by the node enhances the security 
and reliability of the signature. 

2.3.2 Signature 
The hybrid signature algorithm involves the node performing calculations to generate 

the signature (s, σ, r) using the public y2 and private x1 keys obtained from the smart contract. 
These calculations include determining a random value r, computing the signature σ′(m), 
calculating the signature coefficient s′. Once generated, a signature is shared with other nodes 
in the blockchain network. 

 
r′=( (yk2 mod p) + m ) mod q 

 
r′ incorporates the parameter m. By adding m to the result of yk2 mod p, we introduce an 

additional factor that can influence the value of r′. The modulo operation mod q ensures that 
the resulting value r′ remains within the range specified by q. The parameter m can represent 
a random value, a nonce, any other factor that adds complexity and enhances the security 
properties of the resulting value r′. 

 
σ′(m)=H(concat(y2,rhashm),m) 

 
σ′(m) represents the updated value of the signature σ that incorporates the concatenation 

of y2 and rhashm as the input to the hash function H. The hash function H calculates a fixed-
size hash value based on the concatenated input. By using the concatenation of y2 and rhashm 
as the input, we ensure that the resulting hash value incorporates both the value of y2 and the 
hash of m in a secure manner. 

 
s′ = k−1 ( m+x1 ⋅	( r′−σ(m) ) ) mod q 
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s′ represents the updated value of s. We have rearranged the terms to have x1 outside the 
parentheses and simplified the expression  x1 ⋅	r′−x1 ⋅	σ(m)  to  x1 ⋅	(r′−σ(m)). 

2.3.3 Signature Verification 
The proposed algorithm includes a signature verification process conducted by the 

service provider. This process involves using the private key x2 and the public key y1 to verify 
the signatures (s, σ, r). By validating the parameters σ′(m) and the signed data, the algorithm 
prevents unauthorized manipulation of sensitive physiological information, thus preserving 
the integrity and trustworthiness of diagnoses. 

1) Signature Parameter Verification: In order to validate the signature parameter 
σ′(m), the service provider presents the data m for verification. If the signature parameter and 
the provided data are found to be the same, it confirms the correctness of the signature 
parameter. The subsequent stage entails the validation of the signature configuration. 
However, if they do not match, the algorithm must be halted. 

2) Signature Data Verification: The validation process involves using the private key 
x2 and public key y1 to verify the signature. The determination of the first parameter for 
verification, incorporate a scaling factor k, denoted as α′, β′, and d′, can be described as 
follows: 

 
α′= s−1 ⋅ m ⋅ (k mod q) 
β′=s−1 ⋅ r ⋅ (k mod q) 

d′= y2-σ(m) ⋅ (k mod p) 
 

Following, the verification coefficient v' can be computed utilizing the acquired 
parameters. Additionally, the validity string (M', N') and the threshold ε' are evaluated by the 
smart contract. The verification coefficient v', along with the verification sequences M' and 
N', and the threshold ε', can be expressed as follows: 

 
v′ = (gα⋅	y1 β  mod p)x2 mod q 

M′=H(hash(m)∣∣	r′) 
N′=H(hash(m)∣∣	v′) 

 
We have concatenated the values of hash(m) and r using the “∣∣	” operator to represent 

their combination in a single input for function H of the hash. The value of N′ by applying the 
hash function H to the concatenated value of hash(m) and v′. 

The hybrid signature algorithm employed in this research incorporates a 
computationally efficient and collision-resistant hash function. By utilizing such a hash 
function, the algorithm enhances the system's security by increasing the difficulty of 
malicious attacks. During the initial verification process, the uniqueness of hybrid data 
signature plays a crucial role in ensuring the legitimacy of the data source. This mechanism 
allows only authorized access to the signed data, providing an additional layer of security and 
trust in the system. 
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Figure 6.  
Architecture of Competitive Real-Time Judging Platform 

 
2.4 Competitive Real-Time Judging Platform 
This study presents an innovative real-time judging platform that integrates Wi-Fi, 

cellular broadband, and blockchain technology. It overcomes the constraints of passive 
methods by enabling immediate data collection via mobile devices on the broadband cellular 
network. The platform encompasses various functions including data preprocessing, pattern 
mining, identification, forecasting, and visualization to analyze the collected data and 
securely transmit results to the cloud and applications through blockchain encryption. The 
adoption of blockchain technology guarantees the integrity of data while safeguarding against 
tampering and manipulation.  

 
3. Results 
In order to assess the efficiency and effectiveness of the proposed approach, the 

researchers implemented a prototype and conducted performance and efficiency evaluations. 
The performance evaluation involved comparing the system with a traditional Proof of Work 
blockchain-based system, focusing on metrics such as delay, throughput, and resource 
consumption. The efficiency evaluation, on the other hand, compared the proposed approach 
with trust-based algorithms and other blockchain-based algorithms, considering 
computational overhead, network utilization, and consensus mechanism.   

 
3.1 Efficiency 
The detailed analysis and comparison of the efficiency between blockchain-based 

systems utilizing the Proof of Authority (PoA) consensus mechanism and the traditional 
Proof of Work (PoW) approach. The researchers conducted a series of experiments to gather 
data and evaluate the performance of each system.  

 
 
 
 
 
 
 
 
 
 

Figure 7.  
Average Transaction Latency of Blockchain-based System 
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The evaluation of transaction token throughput of blockchain systems, specifically the 

PoA scheme and the traditional PoW scheme. The evaluation involved subjecting the systems 
to a range of token transaction requests, from 0 to 4000 transactions per second (tps), to 
measure their performance under different levels of concurrent requests. The results showed 
that the PoA blockchain scheme achieved a stable and efficient throughput of 3500 tps, 
outperforming the PoW scheme, which had a lower throughput of approximately 1800 tps. 
These findings demonstrate the superior transaction processing capacity of the PoA scheme, 
making it suitable for high-demand environments.  

 
3.2 Effectiveness 
The effectiveness of a system was evaluated through comparative experiments focusing 

on blockchain token transaction throughput. Additionally, tests were conducted involving the 
introduction of 50% malicious routing nodes into the routing environment to assess the 
system's performance in the presence of such nodes.  

 
 
 
 

 
 
 

Figure 8.  
Average Packet Delay in the Presence of Malicious Nodes  

The implemented algorithm demonstrated robust performance, even when faced with a 
large number of malicious nodes attempting to disrupt the routing scheduling process. These 
malicious nodes engaged in activities such as manipulating algorithm parameters and 
providing false information to interfere with regular scheduling operations. The intentional 
inclusion of malicious nodes aimed to create interference and test the system's resilience. The 
experiments provided insights into the system's reliability and security, highlighting its ability 
to withstand disruptive actions and maintain performance. 

 
3.3 Runtime of the Hybrid Data Signature 
The signature generation time achieved by the proposed algorithm is recorded as 0.199 

seconds. Similarly, the verification process demonstrates an impressive time of 0.078 
seconds. When considering the overall processing time, which combines both signature 
generation and verification, the proposed hybrid data signature algorithm achieves a 
remarkably low time of 0.297 seconds. Comparatively, these results indicate that the 
proposed hybrid data signature algorithm outperforms both the LIF (Large Integer 
Factorization) and DL (Discrete Logarithm) algorithms in terms of runtime efficiency. This 
achievement can be attributed to the unique advantage of the proposed algorithm, which 
combines the strengths of DL and LIF algorithms. By leveraging the benefits of both 
approaches, the proposed algorithm achieves the shortest processing time, demonstrating its 
effectiveness in handling data signature tasks. 
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Table 1. Time of Signature Algorithms 

Methods Signature 
Time (s) 

Verification 
Time (s) 

Processing 
Time (s) 

LIF (Large Integer Factorization) 0.2987902 0.4187321 0.7126573 
DL (Discrete Logarithm) 0.2286547 0.2525453 0.4965931 

Hybrid 0.1992167 0.0783648 0.2971679 
 

Table 1 presents a comprehensive comparison of the runtime between the proposed 
hybrid data signature algorithm and the traditional LIF (Large Integer Factorization) and DL 
(Discrete Logarithm) algorithms. To ensure accurate results, multiple experiments were 
conducted, and the findings were combined. The table reveals the respective times for 
signature generation, verification, and overall processing using the proposed hybrid data 
signature algorithm.  

 
Conclusion:  

This study delves into the utilization of blockchain technology within mobile edge 
computing environments to uphold privacy in secure data communication and the 
safeguarding of patient information. The research explores diverse blockchain types and 
elucidates the associated consensus algorithms. Proposing a hybrid data signature algorithm 
for securing sensitive physiological data, the study underscores the merits of blockchain 
technology in mobile applications across diverse devices. It facilitates peer-to-peer and 
distributed information services while ensuring the integrity and privacy protection of data. In 
the context of taekwondo poomsae competitions, the conventional setup involves judges and 
a referee positioned linearly alongside a score-keeping table to evaluate participants' 
performances. However, accurately assessing a poomsae performance necessitates 
consideration of factors beyond technical proficiency. This research introduces a system that 
integrates multiple applications, leveraging interconnected devices and blockchain 
technology. The system adeptly organizes tournaments, consolidates real-time information, 
and elevates operational efficiency through seamless data management and analysis. 

Within the realm of secure data transmission, the pivotal role of key pairs among judge 
nodes, coaches, and athletes cannot be overstated. These key pairs constitute a dual key 
structure crucial for executing hybrid signatures on data records, effectively thwarting node 
attacks during the transmission of data. The integration of blockchain technology further 
ensures distributed transmission, thereby bolstering data integrity. Despite the challenges 
faced by blockchain technology, its potential for future advancements and widespread 
adoption is highly promising. As the technology matures and undergoes refinement, it is 
poised to unlock myriad possibilities across various fields and applications. The rapid growth 
and development of blockchains position them to become a ubiquitous phenomenon, 
reminiscent of the transformative impact the Internet had decades ago. In Proof of Authority 
blockchain networks, authorized accounts, referred to as validators, play a central role in 
validating transactions and creating blocks. These validators leverage software to automate 
the transaction placement process within blocks, eliminating the necessity for continuous 
monitoring of mobile devices. Addressing tournament complaints is imperative for ensuring a 
fair and accurate resolution of issues that may arise during the game. The introduced system 
offers an efficient process for problem resolution not only in taekwondo poomsae but also in 
other emerging contexts. 
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Abstract:  

Environmental reconstruction can contribute information to understand climate 
changes in the future better. This research aimed to reconstruct the paleoenvironment from 
lake sediment using the XRF-core scanning technique. The sediment cores were taken from 
Nong Thale Pron (NTP), Thung Yai district, Nakhon Si Thammarat Province, southern 
Thailand. According to the lithostratigraphic correlation to the previous study, this 
sedimentary sequence was possibly deposited during 23.3 to 8.39 cal ka BP. The principal 
component analysis was applied to find the relationship between each element before 
applying element ratios to reconstruct the paleoenvironmental. The elemental ratios of K/Ti, 
Si/Al, Mn/Fe, and Ca concentration were used to assess the chemical weathering, runoff 
intensity, lake level, and groundwater supply to the lake. These results demonstrated the wet 
conditions at 23.3-21.2, 17-16, 15-14, and 11 cal ka BP. The dry conditions can be 
determined at 21, 19, 16, 12, and 10 cal ka BP. 
Introduction:  

Thailand is located in the Indochina Peninsula (Figure 1). The Asian monsoons have 
been considered the primary driver of its climate.1 The southwest monsoon brings warm and 
moist air masses from the Indian Ocean, increasing precipitation from May to October. In 
contrast, the northeast monsoon from Central Asia transports cold and dry air masses, making 
precipitation decline from November to February.1 Since climate patterns play a crucial role 
in environmental shifts, understanding the past environment can help insight into future 
climate changes. The reconstruction of the past climate generally relies on geological 
archives, e.g., speleothem, marine, and lake sediments. The lake sediments are one of the 
most popular archives because of their simple chronology and deposited together with 
various proxies, e.g., pollen, diatom, grain size, geochemical compositions. 

Although paleolimnological studies in Thailand have increased during the last ten 
years, most of them were constrained to the Holocene. The record obtained from Nong Thale 
Pron (NTP) by Smittenberg et al. (2021)2 is one of a few studies that can provide insight into 
the late Pleistocene. Consequently, in this study, we collected the new core from NTP 
(17˚11’N, 99˚23’E) located in Thung Yai district, Nakhon Si Thammarat province, Southern 
Thailand (Fig.1). NTP was formed by a sinkhole in karst topography. It covers approximately 
0.04 km2 and <4 m water depth.3 The southern part of the lake was developed into a reservoir 
in 2017, while the northern part is undisturbed. 
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In this study, the paleoenvironment in NTP was reconstructed relying on XRF-core 
scanning, which is fast and has a high resolution of relative variations in the geochemical 
compositions of the sediment core surface. This technique is prevalent because it can be 
applied with untreated sediment and does not destroy the sediment core.4 

 

Methodology:  
The thirteen sediment cores were retrieved using the Russian corers (10 cm diameter, 

1 m length) on a modified rubber boat from the deepest part of NTP in November 2022. 
Three continued sediment sequences of 3-8 m, 3.5-8.5 m, and 7.88-10.8 m were collected 
approximately 30 m from each other. The sediment cores were carefully placed in PVC pipe 
and wrapped in plastic film before being transported for further analysis. At the Department 
of Geology at Chulalongkorn University, the sediments were described based on Wohlfarth 
(2014).5 After that, they were correlated to construct the adjusted depth and the 
lithostratigraphic column. These cores were subsequently transported to the Department of 
Geosciences at the National Taiwan University for XRF-core scanner. 

The samples were analyzed with ITRAX XRF core scanner using Mo X-ray tube. The 
sediment cores were prepared by removing, cleaning, and smoothing the sediment surface in 
a parallel direction with a plastic spatula. The prepared cores were then wrapped in PTFE 
plastic film before being placed in the scanner for an optical image. After that, XRF 
parameters were set following the laboratory protocol, i.e., 5 s exposure times, 30 kV 
potential difference, 50 mA electric current, and 0.2 mm step size. The XRF measurement 
was validated by the correlation coefficient between replicate measurements of samples. 
Eventually, the principal component analysis was applied to insight into the relationship of 
each element.  

The chronology of this sediment core was constructed by lithostratigraphic correlation 
with NTP-CP12 relied on the boundary between clayey gyttja and algae gyttja. 

 

 
Figure 1. 

Location of this study (left) and lake in 2014 and 2022 (right) 
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Results and Discussion:  
A. Lithostratigraphy and chronology 

The sedimentary sequence contains five distinct sedimentary units (Figure 2). Unit A 
consists of clayey gyttja (10.8-7.83m) with a calcareous layer at the top. It was overlaid by 
gyttja clay and gyttja of unit B (7.83-5.72m), algae gyttja of unit C (5.72-4.12m), gyttja clay 
and gyttja of unit D (4.12-3.88m), and algae gyttja of unit E (3.88-3.335m), respectively, 
from bottom to top. 

According to the previous study, the sediment rate was a slight change of 0.05 cm/yr.2 
The age of the sediment sequence, therefore, extended from 8.39-23.31 cal ka BP. 
 

 
Figure 2. 

Lithostratigraphy and Al, Si, K, Fe, Ti, Mn, and Ca counts of NTP-CP6 sediment sequence 
 
B. XRF analysis 
 Since Al, Si, K, Fe, Ti, Mn, and Ca had low uncertainty and were continuously 
detectable through the sedimentary sequence, they were then selected for further analysis. 
The variations of Al, Si, K, Fe, and Ti concentrations demonstrated a similar pattern of 
gradual decrease in unit A, fluctuation in unit B, and relatively insignificant changes in units 
C to E. Ca concentration abruptly increased in the upper part of unit A and was relatively 
stable in the other units. In contrast, Mn concentration was slightly changed in unit A before 
fluctuations in units B to E.  

The first two components of the PCA scores explained approximately 73.6% of the 
cumulative variance. Consequently, components 1 and 2 were selected to identify the drivers 
of geochemical compositions in the sediment sequence. Component 1 consists of Al, Si, K, 
Fe, and Ti, opposing Mn. And Ca is only a member of component 2.  
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The elemental ratios are frequently applied to paleoenvironmental reconstruction.4 
Since K is a mobile element relatively water soluble and Ti is an immobile element, the 
chemical weathering can be assessed by K/Ti.6 Si/Al can be referred to as sedimentary grain 
size, reflecting the intensity of inflow to the lake.7 Fe/Mn is a proxy for redox conditions in 
which a higher Fe/Mn ratio indicates the anoxic condition that is related to the lake water 
level. Since NTP is a sinkhole, the Ca concentration is possibly derived from the 
groundwater. 
 

 
Figure 3. 

Plot of the element variables defined by the first two eigenvectors of PCA (left) and 
Eigenvalues of each component (right) 

 
C. Paleoenvironmental reconstruction at NTP from 8.39-23.31 cal ka BP 

High Si/Al and  Fe/Mn values indicate high inflow intensity and lake level between 
23.3 to 21.2 cal ka BP. At the same interval, K/Ti and Ca values are relatively stable, 
suggesting stable chemical weathering in the surrounding area and groundwater supplied to 
the lake. The sudden increase in Ca concentration and K/Ti were synchronous with the 
decrease in Fe/Mn and Si/Al ratios at 21.2-18.5 cal ka BP. These results point to the dry 
interval of low lake level and runoff to the lake. The occasionally high and low lake levels 
and runoff can be assessed by the Si/Al and Fe/Mn fluctuation at 18.5-12 cal ka BP. 
Interestingly, the K/Ti ratio suddenly increased, which was contemporary with the steady Ca 
concentration and declines in the Si/Al and Fe/Mn ratios at 12 cal ka BP. These results 
possibly demonstrated the decrease in runoff and lake level while the inflow transported the 
weathering material to the lake. At 11.6-8.3 cal ka BP, the K/Ti ratio and Ca concentration 
were insignificant changes. However, the fluctuation of runoff and lake levels can be 
described by the changes in Si/Al and Mn/Fe during this time interval. 
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Figure 4. 

Chronology and proxies: K/Ti, Ca, Si/Al, and Fe/Mn 
 
Conclusion:  
 Since the southwest monsoon plays a crucial role in rainfall in this area, these results 
indicate the strengthening of the monsoon at 23.3-21.2, 17-16, 15-14, and 11 cal ka BP. In 
contrast, the weakening of the southwest monsoon and/or prevailing of the northeast 
monsoon can be reconstructed at 21, 19, 16, 12, and 10 cal ka BP. 
 
Recommendation: 

Understanding the paleoenvironment using proxies from lake sediment can be 
achieved quickly and continuously with XRF core scanner, which shows trends in 
environmental changes that are linked to climate change. However, an additional analysis is 
required to support the accuracy, and need to be aware of the process and relationship of each 
element. 
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Abstract:  
The elimination of caffeine (CAF) in water resources is significant because of its wide 
distribution and possible toxicity. The present work developed copper supported on 
mesoporous carbon/silica nanocomposite (Cu/MCS) as novel adsorbent for removal caffeine 
in aqueous. The Cu/MCS materials were prepared via carbonization using the synthesized 
mixture of copper acetate and natural rubber (NR) dispersed in hexagonal mesoporous silica 
(HMS) as a precursor. The Cu/MCS exhibited a high dispersion of copper incorporated into 
the mesoporous carbon/silica framework as confirmed by Powder X-ray diffraction (XRD) 
and X-ray Fluorescence (XRF). The Cu/MCS composites possessed a high specific surface 
area (523–748 m2 g−1) and large pore volume (0.80–0.86 cm3 g−1). Fourier Transform 
Infrared Spectroscopy (FT-IR) revealed the carbonaceous moieties and CuO in Cu/MCS 
materials. The Cu/MCS(0.01) adsorbent with high amount of copper loading exhibited an 
effective for CAF removal when compared with other adsorbents. Moreover, the maximum 
adsorption capacity of this adsorbent for CAF was 55.8 mg/g. 
 
Introduction:  
Caffeine is one of the most consumed psychotropic substances in the world and can be used 
as ingredient in a wide variety of foods, drinks and medicines [1,2] It is a purine alkaloid. 
Due to its low metabolization rates allied with high consumption worldwide, CAF is 
frequently found in environmental matrices, making it an important anthropogenic pollutant. 
According to the Environmental Protection Agency (EPA), CAF has been considered a 
potential tracer for sanitary wastewater, serving as an indicator to evaluate the efficiency of 
treatment systems of sewages and waters [3,4] In front of the environmental and public 
health problems that CAF can cause, researchers are focusing the attention to the 
development of new strategies to remove these compound and other contaminants from 
environmental matrices. According to literature data, caffeine can be removed from aqueous 
with the use of advanced technologies such as ozonation [5], advanced oxidation processes 
[6], membrane filtration [7] and adsorption [8] 

The adsorption method is a potential application for the removal of CAF since it exhibits 
many advantages such as low initial cost, simple and flexible design, easy operation, the 
possibility of effluent reuse, and insensitivity to toxic pollutants. In addition, intermediate by-
products are not generated during this process [1]. Over the past years, several adsorbents 
have been employed for antibiotics adsorption such as activated carbon, zeolite, metal-
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organic frameworks (MOFs), and mesoporous silica [1,3]. Recently, there have been reports 
about the synthesis of carbon xerogels modified with amine groups and copper for efficient 
adsorption of caffeine. Moreover, they exhibited high sorption capacities in the range 91–118 
mg/g [8]. 

Mesoporous carbon/silica nanocomposites (MCS) have garnered significant attention in 
diverse fields such as catalysis, adsorption, energy storage, and drug delivery [9]. The appeal 
lies in the combination of inorganic silica and organic carbon, which contributes to their 
unique mesostructure. Silica provides high mesoporosity, specific surface area, and excellent 
thermal and mechanical stability. Its surface can be easily modified by direct co-condensation 
or post-synthesis grafting to introduce various chemically active functionalities, broadening 
their range of applications. The preparation of MCS materials typically involves two steps. 
Initially, an organic substance (e.g., glucose, furfuryl alcohol, phenol, or formaldehyde) is 
introduced as a carbon source into mesostructured silica. Subsequently, the organic substance 
undergoes carbonization or hydrothermal treatment to convert it into carbon within the silica 
framework. This process allows for the creation of versatile materials with applications in 
various fields [10]. Previous study, Yousatit et al. reported the preparation of mesoporous 
carbon/silica nanocomposites using natural rubber (NR) as a renewable and cheap carbon 
source and applied them as the potential adsorbent for diclofenac adsorption [11]. 

The aim of this study was the synthesis and characterization of copper supported on natural 
rubber-derived carbon/silica nanocomposite (Cu/MCS) in various Cu loadings, and their 
application as adsorbents of caffeine from aqueous. The textural and structural properties of 
Cu/MCS with respect to adsorption were examined by advanced analyses. The adsorption 
performance of Cu/MCS for removal of CAF was evaluated by studying the effects of types 
of Cu/MCS adsorbents. 

Methodology:  
Preparation of MCS 
 The preparation of MCS nanocomposite was conducted, as previously reported by Satit et 
al. [11]. A NR/HMS nanocomposite was a precursor to synthesis of MCS material. The 
NR/HMS nanocomposite was prepared via an in-situ sol–gel method. Typically, 0.5 g of the 
NR sheet was swollen in TEOS at room temperature for 16 h. The swollen NR sheet was 
measured for the content of TEOS absorption and then stirred for 24 h in THF to obtain 
colloidal solution. Subsequently, DDA was mixed with a colloidal solution, followed by the 
dropwise addition of TEOS with stirring. After 30 min, deionized water was slowly added 
into the mixture while stirring at 40 °C for 1 h. The obtained gel was aged at 40 °C for 3 days 
and then, it was precipitated with ethanol. The solid product was recovered by filtration and 
drying at 100 °C overnight. In addition, 3.0 g of as-synthesized NR/HMS was acid treated 
with a 150 mL of 1 M H2SO4/ethanol solution for 4 h, followed by washing with ethanol and 
drying at 100 °C for 2 h.  
 MCS nanocomposite was achieved by the carbonization of NR/HMS material, performed 
in a tubular furnace under an argon flow at 350 °C, 450 °C or 700 °C each step was held for 1 
h with a heating rate of 2 °C min−1. The resulting black powder was washed with deionized 
water and then filtered and dried at 100 °C for 2 h to obtain the MCS material.  
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Preparation of Cu/MCS 
 The Cu/MCS composite materials with different amount of Cu loading were prepared by 
adapting from previous report of Satit et al. [11]. and Ptaszkowska-Koniarz et al.[8]. First, 
the NR colloidal solutions were prepared the same procedure of synthesis of MCS for 3 
batches. And then, DDA was mixed with each batch of rubber solution, followed by the 
dropwise addition of TEOS with stirring. After 30 min, copper acetate solutions with 
different concentrations of 0.003, 0.005 and 0.010 M were slowly added into the mixture 
while stirring at 40 °C for 1 h. The resulting blue gels were aged at 40 °C for 3 days and then, 
they were precipitated with ethanol. Finally, the recovery of the solid product and the 
template removal procedure were the same as those described in the synthesis of MCS. The 
template-free nanocomposites were named Cu/NR/HMS materials.   
 The Cu/MCS nanocomposites were prepared by the carbonization of Cu/NR/HMS 
materials. The carbonization condition and procedure were the same as the preparation of 
MCS material in the synthesis of MCS. The resultant Cu/MCS samples are Cu/MCS (n), 
where n represents the concentration of copper acetate solution.  
 
Adsorption procedure 

The performance of MCS and Cu/MCS materials in CAF adsorption was evaluated 
through static adsorption at room temperature. Typically, 10 mL of CAF solution was mixed 
with 0.01 g of a dried absorbent in a 50 mL Erlenmeyer flask. The flask was sealed tightly 
and shaken on an incubation orbital shaker at 120 rpm for 12 h to ensure adsorption 
equilibrium. Subsequently, the solution was filtered to remove the adsorbent and subjected to 
HPLC analysis. Equation (1) was used to calculate the adsorption capacity (qe).  

Adsorption capacity: 
                                                                                                                   (1) 

where qe is adsorption capacity at adsorption equilibrium (mg/gdried adsorbent); C0 and Ce are the 
initial and equilibrium concentrations, respectively, of CAF in the solution (mg/L); Vi is the 
volume of the initial solution (mL); and W is the weight of the dried adsorbent (g). 
 
Results and Discussion:  
Characterization of the synthesized adsorbents 
 The XRD patterns of the MCS and Cu/MCS with different Cu loading amounts are shown 
in Figure 1. All composite materials exhibited the reflection peak at 2θ in the range of 15–
30, which corresponded to amorphous silica[12] . The characteristic peaks of Cu and/or CuO 
were not observed for Cu/MCS (0.003), indicating the small crystallites of Cu and/or CuO 
well dispersed on the MCS surface. 
 An increase in the amount of Cu loaded on the MCS surface to 0.005 and 0.010 M 
enhanced the characteristic peaks of CuO at 2θ = 38° and 64.5° related to (111) and (022) 
reflection plane of CuO phase, respectively [13]. In addition, the characteristic peak of Cu 
was observed at 2θ = 44° related to (111) reflection of Cu [13]. These results indicated partly 
enlarged Cu and/or CuO particles in MCS structure [14]. 
 Figure 2 show TEM images of MCS and Cu/MCS materials. All samples showed the 
conventional uniform wormhole-like mesopores, corresponding to previous report of Satit et 
al.[11]. In addition, the Cu/MCS materials were observed with a high dispersion of Cu and/or 
CuO crystallites on the MCS surface but formed agglomerates at an increased Cu loading 
level. 
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Figure 1.  

XRD patterns of MCS and Cu/MCS nanocomposites with different Cu loading amounts 
 

  

      

(A) (B) 

 
 

Figure 2. 
TEM images of representative (A) MCS and (B) Cu/MCS nanocomposites at magnification 

of 100,000×. 
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FTIR analysis was used to evaluate the presence of aromatic carbon and/or CuO in the 
silica structure of the MCS and Cu/MCS composites. As shown in Figure 3, the MCS and 
Cu/MCS composites were observed between 1000 and 1300 cm−1, which represented the Si–
O–Si stretching of the silica framework and exhibited a bord band at 3450 cm−1 related to 
free silanol groups (Si-OH) [15]. In addition, they observed the bands which corresponded to 
characteristics of the aromatic carbon at 1,580–1615 cm−1, which corresponded to C=C–C 
stretching [11]. These results suggested that the NR phase was converted to aromatic carbon 
residue after the carbonization process.  

The presence of CuO in the MCS structure (Figure 3) was deduced from the bands 
observed between 400 and 500 cm−1, which corresponded to the CuO [13].The Cu/MCS 
materials were found the intense peak at around 480 cm−1, compared to the initial MCS 
material. This result implied that CuO was incorporated into silica framework.    

 

 
Figure 3. 

FTIR spectra of MCS and Cu/MCS nanocomposites. 
The Cu content and textural parameters of MCS and Cu/MCS composites are 

summarized in Table 1. An increasing concentration of copper acetate loading in synthesis 
mixture resulted in an enhancement of Cu content in Cu/MCS materials. However, the 
incorporation of Cu content onto MCS decreased SBET, Vt, and Dp, which confirmed the 
presence of Cu species dispersed on the surface of mesostructured MCS. In addition, with 
increasing the amount of Cu loading (0.003−0.01M), the Cu/MCS series exhibited an 
enhancement of textural properties. These results should be due to the amount of copper 
increasing the conversion of natural rubber into mesoporous carbon species after 
carbonization process.  
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Table 1.  
Cu content and textural properties of MCS and Cu/MCS materials. 

Sample 
Cu Contenta 

(wt.%) 
SBETb 

 (m2 g-1) 
Dpc 

(nm) 
Vtd 

(cm3 g-1)    
MCS n.d. 834.42 2.70 0.97 

Cu/MCS(0.003) 4.2 523.66 3.07 0.80 

Cu/MCS(0.005) 10.3 570.07 3.16 0.84 

Cu/MCS(0.01) 18.6 747.70 3.30 0.85 
  a Determined by XRF. 

bBET surface area 
cPore diameter, calculated by the BJH method 
dTotal pore volume, determined by the volume adsorbed at P/P0 = 0.99 

 
Adsorption of CAF on MCS and Cu/MCS composites 

Figure 4 shows the CAF adsorption capacity of MCS and Cu/MCS composites in the 
simulated solutions. Although the Cu/MCS adsorbents had a lower SBET, Vt, and Dp than the 
MCS material, the amounts of CAF adsorbed on these composites were higher than those on 
the MCS material. These results were consistent with the study of Ptaszkowska-Koniarz et al. 
[8] reported that the caffeine molecule comprises a heterocyclic-N group which shows strong 
affinity to copper (II) ions present on the carbon xerogel adsorbent modified its surface with 
copper. The Cu/MCS(0.01) adsorbent with high amount of Cu loading exhibited the highest 
CAF adsorption capacity to 55.8 mg/g.   

 
Figure 4. 

Adsorption capacity of CAF on MCS and Cu/MCS composites (adsorbent dose: 0.01 g, 
aqueous solution: 10 mL, agitation speed: 120 rpm, time: 12 h, temperature: room 

temperature). 
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Conclusion:  
The Cu/MCS composites with diverse mesoporosity and amount of Cu loading were 
successfully prepared via carbonization using the synthesized mixture of copper acetate and 
natural rubber dispersed in hexagonal mesoporous silica as a precursor. They were applied as 
a potential hybrid/composite adsorbent for CAF removal from aqueous. It was found to be a 
suitable adsorbent for adsorption of CAF from water compared to pristine MCS materials. 
Characterization analysis revealed that Cu/MCS composites possessed an amorphous silica 
structure with aromatic carbon residue and CuO incorporated into their surface. Moreover, 
they possessed a high surface area and pore volume, making them an efficient adsorbent. 
According to the adsorption results, the Cu/MCS(0.01) adsorbent with high amount of Cu 
loading exhibited effectiveness for CAF removal. The maximum adsorption capacity of this 
Cu/MCS(0.01) for CAF was 55.8 mg/g.  
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Abstract: 

Whale watching holds significant potential for advancing science education. This study 
aims to evaluate the knowledge levels of whale watchers regarding Bryde's whales and marine 
environments in the upper Gulf of Thailand. Using an on-site questionnaire, the study 
compared participants' understanding before and after the whale watching activity across six 
distinct categories, including "Bryde's whale behaviors," "Whale risks," "Land-sea 
interactions," "Whale Watching Entrepreneur Network," "Cultural values," and "Keystone 
species." A total of 112 voluntary participants contributed to the survey. The findings revealed 
a notable improvement in participants' comprehension across all six categories following their 
engagement in the activity (p < 0.001). Particularly significant was the substantial increase in 
understanding related to the "Network of whale watching entrepreneur," "Bryde’s whale 
behavior," and "Cultural value" categories, respectively. The results suggest that by enhancing 
educational content during whale watching activities with an integration of scientific insights, 
marine environmental awareness, and cultural significance, whale watching experience in the 
Gulf of Thailand provides a distinctive opportunity to enhance ocean literacy. 

 
Introduction: 

The marine ecosystems of Thailand are home to 28 cetacean species, with the Gulf of 
Thailand hosting twenty marine mammal species as of 20231,2, constituting 71% of the 
country's marine mammal diversity. Bryde's whale, a top consumer in the food chain, plays a 
crucial role in ecological balance. The Department of Marine and Coastal Resources reports 
around 90 Bryde's whales in Thailand, with their population likely increasing. However, human 
activities in the Gulf, including coastal urbanization, transportation, and fishing, pose potential 
threats to whale populations. In 2019, Bryde's whales gained protected status under Thailand’s 
Wild Animal Conservation and Protection Act, with the International Union for the 
Conservation of Nature (IUCN) classification of ‘least concern’. 

The Bryde's whale, a medium-sized baleen whale, is characterized by three parallel 
ridges around the rostrum—a feature unique among whales. Notably, the Bryde’s whale in the 
Gulf of Thailand exhibits a novel feeding behavior known as tread-water feeding3, a behavior 
first observed in this species globally. This distinctive feeding strategy is adapted to the 
shallow, turbid waters of the Gulf of Thailand, where limited dissolved oxygen near the surface 
attracts small fish. The ability of Bryde's whales to adjust their feeding behaviors to changing 
environmental conditions is exemplified by tread-water feeding3. Furthermore, this unique 
behavior serves as a captivating attraction for tourists visiting Thailand to observe whales. 
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Whale watching serves as a profitable wildlife tourism activity, contributing 
substantially to the economies of coastal regions4. In 2008, the industry attracted an estimated 
13 million enthusiasts across 119 countries, generating significant economic impact and 
providing revenue streams for coastal cities5. With over 13,000 employees worldwide and an 
annual income exceeding two billion US dollars, whale watching has become a major global 
tourism sector6. The upper Gulf of Thailand, particularly off the provinces of Samut Sakhon, 
Samut Songkhram, and Phetchaburi, witnessed the emergence of whale watching tourism in 
2010. This industry, especially focused on Bryde's whale watching, plays a significant role in 
the region, with an estimated economic value of 9.7 million baht in 20167. 

The whale watching industry not only contributes to the economic well-being of many 
countries but also serves as a global tool for cetacean conservation awareness8,9,10. Nature-
based tourism, such as whale watching, has the potential to foster conservation-minded 
attitudes and active contributions to species and ecosystem well-being11. Integrating 
educational experiences into such trips has been suggested to enhance environmental 
awareness and positive attitudes, promoting environmentally sustainable behavior12. This 
approach aligns with the principle of ocean literacy. 

Ocean literacy is essential for comprehending our connection to the ocean and engaging 
in informed discussions about its future13. Defined by Cava et al., ocean literacy encompasses 
an understanding of the ocean's influence on us and our impact on the ocean. The ocean literacy 
campaign has outlined seven principles and 45 concepts to promote this understanding. 
Moreover, the Intergovernmental Oceanographic Commission (IOC) of UNESCO has 
proposed the declaration of 2021–2030 as the Decade of International Ocean Science for 
Sustainable Development14. This initiative aligns with the Sustainable Development Goals 
(SDGs), particularly the 14th SDG focused on the ocean. Despite this, research indicates a 
limited understanding of ocean-related concepts among the general population, impacting their 
ability to make informed judgments about the ocean's overall health15,16,17. 

Recent studies worldwide reveal a widespread lack of public knowledge regarding 
marine-related matters16, coupled with misconceptions18 and a general lack of awareness about 
marine environmental issues and their solutions9. This deficit in understanding poses a risk of 
worsening negative effects on the oceanic environment due to increased ignorance19. 
Promoting positive attitudes and sustainable behaviors towards the ocean requires 
comprehensive education on ocean processes and the impacts of human actions16. Therefore, 
whale-watching serves as a potential educational platform to convey knowledge about cetacean 
ecology to the wider community21. 

This study is the first exploration of whale watching activity in Thailand, focusing on 
the marine mammal and environmental knowledge acquired by participants as part of an 
informal education strategy to promote ocean literacy. While previous research has examined 
the knowledge of whale watchers and whale-watching tourism globally20,21,22,23, limited 
attention has been given to these aspects in Thailand. The study specifically targets whale 
watchers in the upper Gulf of Thailand, aiming to assess their knowledge and foster awareness 
of the marine environment and ocean literacy. The findings would contribute valuable insights 
to the development of sustainable Bryde's whale watching tourism initiatives, recommending 
a model program tailored to the unique context of Thailand. 
 
Methodology: 
1. Project approval from the Human Research Ethics Committee  

The research project obtained certification and approval from the Human Research 
Ethics Committee (Project ID: 650214). The Multi-Institutional Group, Set 2: Social Sciences, 
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Humanities, and Fine Arts at Chulalongkorn University assessed research ethics in accordance 
with the principles outlined in the Declaration of Helsinki, the Belmont Report, CIOMS 
guidelines, and the International Conference on Harmonization – Good Clinical Practice (ICH-
GCP). As per the project regulations, all participating whale watchers were unpaid volunteers, 
and their involvement was entirely voluntary. Prior to completing the questionnaires, whale 
watchers were informed about the research's nature and sought for their consent. To safeguard 
their privacy, personal information was kept anonymous, with each whale watcher assigned a 
unique code to maintain confidentiality. 
2. Questionnaire design 

The questionnaire comprised two sections. In the initial section, each participant was 
tasked with evaluating their understanding before and after engaging in whale watching across 
six predefined categories. These categories for knowledge assessment were formulated in 
alignment with the ocean literacy principles established by UNESCO and supplemented by 
additional secondary data.26,27,28,29.  

Category 1: "Bryde’s Whale Behaviors". Whale watching is primarily designed to offer 
observers insights into Bryde’s whale behaviors. These behaviors encompass activities such as 
blowing, feeding, mating, sleeping, and parental care. Notably, the residential Bryde’s whales 
in the upper Gulf of Thailand have developed a distinctive feeding behavior known as tread-
water feeding, which is influenced by the shallow waters in the region.3.  

Category 2: "Whale Risks". The upper Gulf of Thailand experiences a significant 
concentration of human activities, posing elevated risks to Bryde’s whale dwellers. 
Anthropogenic threats include entanglement in fishing gear, collisions with vessels, and 
disturbance from loud underwater acoustics generated by ships and other activities. 
Additionally, coastal habitat degradation, water pollution, and marine debris further contribute 
to the risks faced by whales in this region.  

Category 3: "Land and Sea Interaction". This category explores the interaction between 
human activities on land and the marine environment inhabited by Bryde's whales. The 
discussion aims to illustrate the connection between human lifestyles on land and the dynamics 
of marine ecosystems.  

Category 4: "Whale Watching Entrepreneur Network". This category explores into the 
collaborative efforts of diverse operators forming teams with local fishermen to locate whales 
for the purpose of whale watching. Additionally, they actively exchange valuable information 
and resources related to whale watching. 

Category 5: "Cultural Value". This knowledge category highlights the core belief in 
mother nature within the local culture. The coastal residents of the upper Gulf of Thailand, 
particularly local fishermen, hold the Bryde's whale in reverence, considering it sacred and 
associating it with abundance. The presence of Bryde's whales is believed to bring good luck 
and contribute to successful fishing endeavors according to their cultural beliefs.  

Category 6: "Keystone Species". Bryde's whales play a crucial role as the apex 
consumers in the Gulf of Thailand's food chain. Their presence signifies fertile waters, 
reflecting a healthy marine environment. Conversely, a decline in the health of the whale 
population serves as an indicator of the degradation of coastal and marine ecosystems. 

The knowledge assessment utilized a Likert scale, ranging from 0 to 10, where 0 
denoted "very low," and 10 indicated "very high." The Likert scale is a well-established method 
widely employed across various disciplines, particularly in social science research, business, 
education, and psychology, to gauge the opinions or attitudes of respondents. 

The second section involved collecting participants' information on gender, age, and 
educational background. 
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3. Data collection 
Due to the adverse effects of the COVID-19 pandemic on the tourism sector during the 

study, the researcher utilized the number of tourists in Thailand reported by the Ministry of 
Tourism and Sports in the year 2017 and 2021, before the pandemic and shortly after the 
relaxation of COVID-19 regulations. The sample size for whale-watching participants was 
determined using the total number of tourists in Thailand 2021 that decreased 74.8% 
nationwide from the year 2017 and employing the Toro Yamane formula (1973). Although the 
formula recommended a minimum of 96 datasets to represent the tourist population, the 
research successfully collected 112 datasets from whale watchers aged 18 and older. 

Numerous field observations were carried out in the upper Gulf of Thailand. The 
researcher collaborated closely with eight participating whale-watching operators in 
Phetchaburi, Samut Songkhram, and Samut Sakhon provinces. Data collection spanned 
approximately one year, from October 2022 to September 2023. Whale watching operations 
occurred consistently throughout the year, as Bryde’s whales inhabit the Gulf of Thailand year-
round. The activity gains popularity from September to December due to the northeast 
monsoon wind. Wildlife photographers are attracted to Thailand during bird migrations, 
offering insights into the interactions between Bryde's whales and other species. The minimal 
rainfall during this period also make travel safer than in the wet season. 

Whale watchers were sampled based on their willingness to complete questionnaires 
and participation in tours organized by four entrepreneurs. Semi-structured interviews were 
conducted on whale watching trips. On the boat, questionnaires were distributed, and 
participants were invited to join if interested. Semi-structured interviews enriched data on 
whale watchers' experience and knowledge across all six categories during the activity. 
4. Data analysis  

All survey data were analyzed using Excel and ‘SPSS version 28.0.0.0’. Descriptive 
statistics were used to understand sample demographics. Demographic data included age, 
gender, and educational background. Kolmogorov-Smirnov test was used to the normality test. 
The mean score of whale watcher awareness was evaluated by Likert Rating Scale showed in 
Table 1. In order to compare the pre- and post-whale watching datasets, the paired samples 
Wilcoxon test (also known as the Wilcoxon signed-rank test) was used 30,31. It is non-parametric 
alternative to the pared t-test used to compare paired data, which was used because the data 
were not normally distributed. The null hypothesis (H0) is no difference between pre- and post-
awareness and the alternative hypothesis (H1) is difference. Mann-Whitney U-test was used to 
compare independent data32, which was knowledge for gender, age, and educational 
background. 

The 10-point Likert scale was used in this research, and ordinal scales were utilized to 
convert the whale-watcher's awareness into a scale that would make statistical analysis easier. 
Table 1 provides a clearer representation of the 10-point scale. To obtain a weighted mean, the 
scale was divided into equal mean intervals. 

 
Table 1. 

The Comparison Definition 10-point Likert Scale 
Intensity of Knowledge Likert Scale Definition 

0-2.00 Very low 
2.01-4.00 Low 
4.01-6.00 Moderate 
6.01-8.00 High 
8.01-10.00 Very high 
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Results and Discussion: 
1. Whale Watchers' Demographic Profile 
 A total of 112 participants engaged in the questionnaire, with 69% identifying as 
'Female,' 30% as 'Male,' and 1% as 'other.' The sex ratio was 0.44 male/female (n = 34/77). The 
predominant age groups among whale watchers were Generation X and Generation Y, 
constituting 35% and 33%, respectively. Baby Boomers comprised 19%, while Generation Z 
accounted for 13%. The majority of whale watchers (47%) held a bachelor's degree. Other 
educational levels included master's degrees and higher (43%), secondary education (6%), 
associate's degree (3%), and primary education (1%).  

 
 

Figure 1. Stacked bar plot illustrating knowledge percentages on a Likert scale before and 
after whale watching activity. 

 
Table 2. Comprehensive knowledge levels across six categories before and after whale 

watching activity. Significant differences between the two were identified using the 
Wilcoxon Signed-Rank test and are indicated by (*). 

Categories Pre-WW activity Post-WW activity Z P Mean Median Mode Mean Median Mode 
Whale 
Watching 
Entrepreneur 
Network 

1.66±2.24 0 0 5.58±2.76 6 8 -8.141* <0.001 

Bryde’s whale 
behavior 1.92±2.23 2 0 5.72±2.21 6 6 -8.335* <0.001 

Cultural value 2.22±2.62 2 0 5.81±2.89 6 8 -7.963* <0.001 
Keystone 
species 3.66±3.16 4 0 7.09±2.59 8 8 -8.251* <0.001 

Whale Risks 2.46±2.40 2 0 5.55±2.61 6 8 -8.423* <0.001 
Land-sea 
interaction 3.60±2.86 4 0 6.33±2.71 6 8 -7.638* <0.001 

 

286



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

 
Table 3. 

Gender-related knowledge among whale watchers before and after their whale-watching 
activity. 

Categories Pre-WW activity Post-WW activity 
Mean Median Mode Mean Median Mode 

Male (n = 34)       
Whale Watching Entrepreneur 
Network 1.91±2.31 1 0 5.44±2.98 6 6 

Bryde’s whale behavior 2.06±2.51 2 0 5.35±2.16 6 6 

Cultural value 1.97±2.72 1 0 5.18±3.01 6 2 

Keystone species 4.00±3.18 4 0 7.15±2.43 7 6 

Whale Risks 2.71±2.48 2 0 5.32±2.59 6 4 

Land-sea interaction 3.71±2.84 4 6 5.76±2.90 6 8 
Female (n = 77)       
Whale Watching Entrepreneur 
Network 1.55±2.22 0 0 5.69±2.66 6 8 

Bryde’s whale behavior 1.86±2.12 2 0 5.88±2.24 6 8 

Cultural value 2.34±2.60 2 0 6.14±2.79 6 8 

Keystone species 3.53±3.17 3 0 7.13±2.62 8 8 

Whale Risks 2.35±2.38 2 0 5.68±2.64 6 8 

Land-sea interaction 3.57±2.89 4 0 6.58±2.62 8 8 

 
 

Table 4. 
Age-related knowledge among whale watchers before and after their whale-watching activity. 

Categories Pre-WW activity Post-WW activity 
Mean Median Mode Mean Median Mode 

Generation X (n = 39)       
Whale Watching Entrepreneur 
Network 1.74±2.07 1 0 5.10±2.58 5 6 

Bryde’s whale behavior 1.95±2.21 0 0 5.38±2.18 6 6 
Cultural value 2.31±2.58 2 0 5.41±2.63 5 8 
Keystone species 3.69±2.80 4 2 6.79±2.45 8 8 
Whale Risks 2.77±2.23 2 0 5.69±2.51 6 6 
Land-sea interaction 3.77±2.69 4 2 6.54±2.51 8 8 
Generation Y (n = 37)       
Whale Watching Entrepreneur 
Network 1.46±2.16 0 0 6.05±3.00 6 8 

Bryde’s whale behavior 1.70±2.17 0 0 6.14±2.18 6 6 
Cultural value 2.08±2.67 1 0 6.46±2.71 8 8 
Keystone species 4.05±3.73 4 0 7.76±2.80 8 10 
Whale Risks 2.35±2.61 2 0 5.92±2.67 6 8 
Land-sea interaction 3.68±2.89 4 4 6.46±2.81 6 8 
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Table 5. 
Educational background-related knowledge among whale watchers before and after their 

whale-watching activity. 

Categories Pre-WW activity Post-WW activity 
Mean Median Mode Mean Median Mode 

Bachelor’s degree (n = 53)       
Whale Watching Entrepreneur 
Network 1.83±2.24 0 0 5.81±2.61 6 8 

Bryde’s whale behavior 1.98±2.11 2 0 5.58±2.21 6 6 
Cultural value 2.17±2.45 2 0 5.49±2.82 6 8 
Keystone species 3.96±3.21 4 0 7.23±2.55 8 10 
Whale Risks 2.26±2.11 2 0 5.30±2.33 6 6 
Land-sea interaction 3.66±2.58 4 4 6.17±2.55 6 8 
Master’s degree and higher (n 
= 48)       

Whale Watching Entrepreneur 
Network 1.23±1.92 0 0 5.27±2.88 6 6 

Bryde’s whale behavior 1.75±2.39 0 0 5.77±2.30 6 8 
Cultural value 2.04±2.71 2 0 6.00±2.72 6 8 
Keystone species 3.33±3.14 3 0 7.02±2.51 8 8 
Whale Risks 2.52±2.63 2 0 5.81±2.51 6 6 
Land-sea interaction 3.23±3.05 3 0 6.21±2.93 6 8 

 
2. Knowledge levels of whale watchers 

In the complete dataset of 112, initial knowledge gaps were evident regarding Bryde’s 
whale presence in the Gulf of Thailand. However, substantial improvements emerged after 
participants participated in whale-watching activities. This heightened understanding spanned 
all six categories, with notable growth observed in areas like "Whale Watching Entrepreneur 
Network," "Bryde’s whale behavior," and "Cultural value." (figure 1,2 and table 2).  
2.1 Whale Watching Entrepreneur Network  

Figure 1 illustrates that before engaging in whale-watching activities, 72% of 
participants lacked clarity about the "Whale Watching Entrepreneur Network," a percentage 
that decreased to 19% post-activity. The most substantial knowledge gap between pre- and 
post-whale watching activities was observed in this aspect (D = 3.92). Pre-activity, a "very 
low" knowledge level about whale watchers was reported, with the lowest score across all 
categories (1.66 ± 2.24) (see Table 2). However, following the whale-watching session, 
participants' knowledge level increased to "Moderate" (5.58 ± 2.76). A Wilcoxon Signed-Rank 
test revealed a statistically significant change in knowledge among whale watchers regarding 
the "Whale Watching Entrepreneur Network" after participating in the activity (Z = -8.141, P 
< 0.001). 
2.2 Bryde’s whale behavior 

Before engaging in whale-watching activities, participants possessed minimal 
knowledge about Bryde's behavior or biology. Concerning Bryde's whale behavior, the 
majority had a "very low" knowledge level in the pre-activity phase (1.92±2.23, Median = 2, 
Mode = 0). However, post-activity (see Figure 2A), their knowledge level significantly 
increased to a "moderate" level (5.72±2.21). The Wilcoxon Signed-Rank test revealed 
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significant differences in participants' understanding of Bryde's whale presence before and after 
the activity (Z = -8.335, P < 0.001). 
2.3 Cultural value 

Before embarking on whale-watching activities, 68% of participants were unaware of 
the cultural importance of whales (see Figure 1). Pre-activity, the understanding of "cultural 
value" was characterized as "low" (2.22±2.62). However, following whale-watching activities, 
major whale watchers' knowledge levels elevated to "moderate" (5.81±2.89, Median = 6, Mode 
= 8) (see Table 2), with the percentage at the "very low" level dropping from 68% to 19% (see 
Figure 1). Comparing knowledge levels before and after the whale-watching session revealed 
a statistically significant difference (Z = -7.963, P < 0.001). These findings underscore that 
whale watching can convey culturally significant knowledge, illustrating how coastal traditions 
harmonize with the marine environment. 
2.4 Keystone species 

When comparing all six categories, the understanding of Bryde's whale as a "keystone 
species" stood out as the most robust both before and after the activity. Pre-activity knowledge 
scores were assessed as "low" (3.66±3.16), with nearly half (46%) of whale watchers having 
"very low" scores. However, after participating in whale watching, the percentage of whale 
watchers at this level decreased to 8%. Post-activity (7.09±2.59), the knowledge level elevated 
to a "high" level, with half of the whale watchers recognizing Bryde's whales as a "keystone 
species" (Median = 8, Mode = 8)—the highest level among all six categories (see Figure 2C, 
2D). A statistically significant difference was noted between pre and post-whale watching 
activities, as indicated by a Wilcoxon Signed-Rank test (Z = -8.251, P < 0.001). These results 
highlight that whale watchers gain more knowledge about the roles played by Bryde's whales 
in the marine environment and ecosystem following their whale-watching experience. Even 
before engaging in any activity, they were already aware of the fundamental importance of 
Bryde's whales as keystone species in marine ecosystems. 
2.5 Whale Risks 

Following the activity, the percentage of whale watchers with a "very low" 
understanding of the " Whale Risks " decreased from 61% to 18% (see Figure 1). The average 
knowledge scores for pre- and post-whale watchers were 2.46±2.40 and 5.55±2.61, 
respectively. The knowledge level about the "Whale Risks" increased from "low" to 
"moderate," with the "high" knowledge level rising from 3% to 28% post-activity. The change 
in knowledge levels before and after whale watching was statistically significant (Z = -8.423, 
P < 0.001). These findings highlight that participating in activities enabled whale watchers to 
acquire knowledge about the risk factors affecting Bryde's whale. 
2.6 Land-sea interaction 

The smallest mean change between pre- and post-activity times was observed in "land-
sea interaction" (D = 2.73). Following whale-watching activities, whale watchers reported a 
"high" level of "land-sea interaction" knowledge (6.33±2.71), marking a two-level increase 
from "low" (3.60±2.86) and ranking as the second-highest level among all six categories (see 
Table 2). A statistically significant difference was evident between pre and post-whale 
watching activities, as indicated by a Wilcoxon Signed-Rank test (Z = -7.638, P < 0.001). This 
implies that before participating in the activity, whale watchers were already aware of land-sea 
interactions and received additional information during the activity. 

After engaging in whale-watching activities, whale watchers' overall understanding 
significantly improved. However, the Mann-Whitney U test was employed to explore the 
correlation between gender, age, and educational background and the enhanced understanding 
of whale watchers. The analysis revealed no significant difference in knowledge across all six 
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categories (p > 0.05), as indicated in tables 3, 4, and 5. This suggests that Bryde's whale 
watchers, regardless of gender, age, or educational level, could obtain knowledge following 
whale-watching activities. Consequently, a universal format can be used to effectively 
communicate information about Bryde's whales and marine and coastal resources. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. 
The Likert-scale knowledge levels of whale watchers during whale-watching activity. In 

Figures 2A, 2C, 2E, bars depict the mean, median, and mode of knowledge levels, 
respectively. White bars represent before whale-watching activity, while black bars represent 
after whale-watching activity. In Figures 2B, 2D, 2F, radar charts illustrate the mean, median, 

and mode of knowledge levels, respectively. Gray lines represent before, and black lines 
represent after whale-watching activity. 
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3. Whale watching and its influence on informal education and knowledge levels 
The knowledge of watchers across all six categories significantly increased after 

participating in whale watching activities in the Gulf of Thailand. Both during Bryde's whale 
watching tours and operator lectures, participants gained knowledge about whale behavior. 
This finding aligns with a study on humpback whales (Megaptera novaeangliae) and long‐
beaked common dolphins (Delphinus capensis) in Peru, where 18.8% of whale watchers 
discovered during the tour that whales were mammals and cetaceans, indicating a notable 
increase in their knowledge compared to the pre-trip survey21. In New Zealand, 29% of whale 
watchers who did not participate in 'swim with dolphin' trips 'strongly agreed' that the tour was 
instructive, with 17.6% 'strongly agreeing' that they had gained a lot of knowledge about 
dolphins34. 

Participation in whale watching activities can increase awareness among watchers 
regarding marine and coastal risk factors affecting Bryde's whale populations in the Gulf of 
Thailand. Insights from semi-structured interviews revealed that watchers gained knowledge 
about various threats to whales, including the presence of ships, marine pollution, fishing gear, 
marine debris, overfishing, and the importance of maintaining a safe distance from the whales. 
Concerns were expressed about non-compliant whale watching vessels posing risks to Bryde's 
whales. Proximity to the whales did not significantly influence watcher satisfaction34. Those 
with stronger pro-environmental sentiments acknowledged the harmful effects of boats on 
whales35. Considering the legal protection of Bryde's whales, operators should exercise 
responsibility to minimize harm from whale watching tourism. A study on whale watching in 
Mexico also suggested that conservation attitudes and perceived congestion influence tourists' 
likelihood of returning for future whale watching excursions36. 

The finding highlights whale watching as an effective platform for enhancing ocean 
literacy through informal education, aligning with the 21st Century skills for lifelong learning. 
The activity inspired public interest in cetaceans, marine conservation, and environmental 
issues. Similar findings in a study on whale watching in Panama emphasized the role of 
education in promoting whale conservation and the need for enforcing laws and monitoring 
programs37. Whale watchers expressed willingness to adapt their lifestyles to continue 
participating in whale watching38. The study suggests that encouraging behavioral intentions 
and invoking emotions and responsibility among whale watchers is more effective than solely 
providing knowledge on whale biology and ecology39,40.  
 
Conclusion: 

Findings of the research provide valuable insights across academic disciplines, 
especially science education. Firsthand experience on a boat observing large marine mammals 
significantly enhances individuals' understanding of the marine environment. This is particular 
importance for cultivating 21st-century skills as part of lifelong learning opportunities. This 
study is the first multi-disciplinary effort to assess the knowledge of whale watchers regarding 
whale watching activities in the upper Gulf of Thailand. The study confirms that engaging in 
whale watching proves to be an effective method for conveying ocean literacy in informal 
contexts. Lastly, whale watching experience possess the potential to disseminate information, 
raise public awareness about the marine ecosystem and contribute to the fulfillment of 
Sustainable Development Goals (SDGs), specifically the SDG 12th (Responsible Production 
and Consumption) and SDG 14th (Life Below Water) during the Ocean Decade (2021-2030). 
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Abstract:  
Nong Bua Lamphu is located in the northeastern part of Thailand. The area contains 
sedimentary rocks, igneous rocks, and metamorphic rocks. This study focused on 
carboniferous limestone scattered covers the northwest part of the study area and aims to 
classify rock names and environmental deposits. The petrographical investigations on these 
rocks were carried out using a polarizing microscope and geochemical analysis was measured 
by handle ED-XRF. The limestones show micrite and sparite textures with fossils 5-80, 
which consist of crinoid, bryozoan, and fusulinid. The mineral compositions of these 
limestones mainly consist of calcite and a minor of dolomite, additionally, some samples are 
composed of a small amount of quartz and opaque minerals. According to Folk’s 1959 and 
1962 theories, the rocks were classified into 4 types consisting of fossiliferous biomicrite, 
sorted biosparite, poorly sorted biosparite, and spares biomicrite. In addition, the rocks were 
also divided into 4 categories, including mudstone, packstone, grainstone, and floatstone 
following Dunham’s 1962 theory. The geochemical composition of samples can be classified 
by major oxides as calcite carbonate. In addition, based on Mg/Ca can be divided sample into 
2 groups namely magnesium limestone and pure limestone. Moreover, the stratigraphic 
correlation suggests the studied rocks were deposited in the inner ramp to mid ramp at 
shallow marine. 
 
Introduction:  
Rocks classified as carbonate include a main of calcite in excess of 50% and dolomite.1 The 
limestones in Thailand are generally referred to as all stratified rocks containing significant 
calcium carbonate and magnesium carbonate.2 The Permo-Carboniferous limestone is 
exposed over large areas, in west-central Thailand and along the west side of the Khorat 
Plateau.2 In northeast Thailand, Carboniferous rocks are widely exposed in Loei (Wang 
Saphung) and Nong Bua Lamphu Provinces, an area of 20-40 km. long. The rocks lay 
uniformly beneath the Permian rocks3 and uniformly overlay the Silurian-Devonian rocks in 
the western part of the northern region, near the upper western region.4 Nong Bua Lamphu 
Province is mainly composed of  Carboniferous limestone, which is distributed in  Na Klang 
District and the northern part of Sri Bun Reaung District.5 Additionally, the Department of 
Mineral Resources (2009)5 describes that Nong Bua Lamphu is a concern area for sinkhole 
disasters, making agriculture hard and dangerous for people in this area. The Ban Dan Chang 
Sub-district, the most problem of sinkholes, is located in the Na Klang District Nong Bua 
Lamphu Province area. This area is constituted by the Carboniferous Wang Saphung 
Formation6 which consists mainly of sandstone shale with some thin limestone beds and 
conglomerate. Furthermore, the environmental deposits are shallow marine origin with some 
fossils.7 The Carboniferous fossils important discovery in Thailand including algae (Bersella 
and others) are the very abundant and dominant framework in the middle Carboniferous at 
Loei area. Radiolarians have been extracted from cherts and siliceous shale. Foraminifera are 
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a group of microfossils as single-chambered foraminifera which are widespread in 
Carboniferous-Permain. Corals are mainly found in dendroid tubulata, solitary, fasciculate, 
and massive rugosa forms deposited during the lower to upper Carboniferous in the Loei 
region.8 
 
Study area 
The study area is composed of rock units from the ages of Carboniferous, Triassic, and 
Quaternary as shown in Figure 1. The Carboniferous Wang Saphung Formation consists of 
conglomeratic sandstone, greywacke, sandstone, shale, and limestone lens. Triassic strata 
consist of sedimentary rocks of the Nam Pong Formation and the Khorat group. In addition, 
this area is covered by Triassic to Permian of igneous rocks consisting of andesite, rhyolite, 
tuff, agglomerate, and granodiorite. Quaternary sediment consists of alluvial deposits such as 
sand, silt, clay, and fine-grained.7 
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Figure 1.  

Geologic map of the studied area in Nong Bua LampPhu Province. The red point/square 
shows the study area.6 

 
Methodology:  
The boreholes of limestone were drilled by coring for 8 boreholes in the study area. The 
depth of each borehole is approximately 20 meters from the surface, approximately. In 
addition, real-time kinematics (RTK) was used to measure elevation and location at the 
boreholes. Then, the samples from the borehole were visualized by hand lens to classify the 
lithology and specific characteristics for dividing the rock group. After that, the 14 samples 
were selected for petrographic analysis. The description of representative samples is 
presented in Table 1. The 14 thin sections were prepared and analyzed for classifying rock 
names and mineral compositions. The petrographic analysis and photomicrograph analysis by 
ZEN core Imaging Software, linking ZEISS imaging and microscope solution at the 
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Department of Geotechnology, Khon Kean University. Furthermore, the result was used to 
interpret the environment and make correlation logging.  
 The geochemistry of the samples was studied by Olympus Vanta handheld XRF 
analyzers to analyze their major oxides at the Department of Geotechnology Khon Kean 
University. This method can measure the percentage of concentration levels (ppm levels up to 
practically 100% by weight), but it is unable to detect elements with atomic numbers below 
12. 
 
Table 1. 
The location of boreholes and samples No. 

Borehole Location Sample No. Depth (m.) 

DH1  N1911860E194958 DH1-1 10-11 

DH1  N1911860E194958 DH1-2 12-13 

DH2  N1911786E195214 DH2-1 13-14 

DH3  N1911938E195214 DH3-1 11-12 

DH3  N1911938E195214 DH3-2 14-15 

DH4 N1911371E195290 DH4-1 11-12 

DH4  N1911371E195290 DH4-2 12-13 

DH4  N1911371E195290 DH4-3 17-18 

DH5  N1911813E195565 DH5-1 6-7 

DH5  N1911813E195565 DH5-2 9-10 

DH6  N1912271E195043 DH6-1 9-10 

DH6  N1912271E195043 DH6-2 14-15 

DH7  N1912185E195006 DH7-1 13-14 

DH8  N1912185E195006 DH8-1 10-11 

 
Petrography 
The theory of Folk (1959, 1962)9-10 and Dunham (1962)11 were applied for petrographic 
analysis and classification names of rocks. Fossiliferous biomicrite, sorted biomicrite, poorly 
sorted biosparite, and spares biomicrite are the names of rocks following the theory of Folk. 
Moreover, mudstone, packstone, floatstone, and grainstone are the names of rocks following 
the theory of Dunham. 
 The fossiliferous biomicrites (DH1-1, DH4-2, DH4-3, and DH5-2) are composed of 
allochems 5% mainly of triserial foraminifera and bryozoan partially replaced by sparry 
calcite, and embedded in micrite groundmass. The texture of fossiliferous biomicrite is 
considered to it transported by low energy current. In addition, the samples found quartz 0.1-
0.2 millimeters and distributed in DH5-2 and vein in DH4-2. The sorted biosparite  (DH5-1 
and DH1-2) is composed of allochems 30-40% mainly of triserial foraminifera, peloid, oolith, 
crinoid, brachiopod, and cortoids that present with sparite textures and granular calcite. The 
sorted biosaprite was considered to it transported by a high-energy current. The poorly sorted 
biosparite (DH6-1, DH6-2, and DH7-1) composed of allochems 70-80% mainly of milioline 
and uniserial foraminifera, peloid, brachiopod, and bryozoan with sparite texture. The sorted 
biosaprite is considered to it transported by high energy wave current. The sample of spare 
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biomicrite  (DH2-1, DH3-1, DH4-1, and DH8-1) composed of allochems 25-50% mainly of 
triserial foraminifera, fusulinid, brachiopod, bryozoan and gastropod with micrite texture. 
The sorted biosaprite is considered deposited by low energy current. DH3-2 is defined as 
recrystalline limestone, which presents calcite granular and opaque minerals. Moreover, the 
mudstone (DH1-1, DH4-2, DH4-3, and DH5-2) is composed of allochems 5% size 0.5-2 
millimeter and matrix support frameworks mainly with foraminifera and bryozoan. The 
packstone (DH3-1 and DH2-1) is composed of allochems 30-50% size 0.5-1 millimeter and 
framework support mainly with triserial foraminifera and small bryozoan. The grainstone 
(DH4-1, DH5-1, DH6-2, and DH7-1) is composed of allochems 30-80% mainly of triserial 
foraminifera, peloid, brachiopod, cortoid, gastropod, bryozoan and crinoid. The floatstone 
(DH4-1, DH8-1, and DH1-2) is composed of allochems 25-40% size 2-5 millimeter and grain 
support frameworks mainly with triserial foraminifera, peloid, oolith, crinoid, brachiopod, 
and cortoids. The petrographic result of the samples is described in Table 2 
 
Table 2.  
The result of the petrographic analysis of 14 samples from drilllogs. 
Borehole Percent of 

fossil 
Matrix / Grain 

supports Texture Folk’s 
(1959, 1962) 

Dunham’s (1962)  

DH1-1 40 Grain support Sparite Sorted biosparite Floatstone 

DH1-2 5 matrix support Micrite Fossiliferous 
biomicrite Mudstone 

DH2-1 50 Grain support Micrite Spares biomicrite Packstone 

DH3-1 30 Grain support Micrite Spares biomicrite Packstone 

DH3-2 - - Dismicrite Recrystalline limestone 

DH4-1 40 Matrix support Micrite Spares biomicrite Floatstone 

DH4-2 5 Matrix support Micrite Fossiliferous 
biomicrite Mudstone 

DH4-3 5 Matrix support Micrite Fossiliferous 
biomicrite Mudstone 

DH5-1 30 Grain support Sparite Sorted  biosparite Grainstone 

DH5-2 5 Matrix support Micrite Fossiliferous 
biomicrite Mudstone 

DH6-1 80 Grain support sparite Poorly sorted 
biosparite Grainstone 

DH6-2 70 Grain support Sparite Poorly sorted 
biosparite Grainstone 

DH7-1 80 Grain support Sparite Poorly sortred 
biosparite Grainstone 

DH8-1 25 Matrix support Micrite Spares biomicrite Floatstone 

 
Geochemistry 
The bulk chemistry, SiO2, Al2O3, Fe2O3, MnO, MgO, CaO, Na2O3, K2O, and 
P2O5, was ascertained by using X-ray fluorescence (XRF). The major oxides of samples are 
presented in Table 3. According to several researchers, they typically classify carbonate 
rocks as containing more than 50% carbonate minerals.12 The mostly limestone sample 
was filled with more than 50% calcite, except DH3-1 (46.9%) and DH3-2 (47.2%). 
Furthermore, the sample had a CaO of more than 50% refers to calcite (CaCO3). The DH3-1 
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and DH3-2 contain some MgO refers to dolomite (MgCa(CO3)2) or magnesite (MgCO3). The 
DH2-1, DH3-1, DH3-2, and DH5-2 contain some SiO2 and Al2O3 refer to clay minerals. 
According to Todd (1996),13 the entirety of samples were indicated to be pure limestone, 
whereas DH3-1 and DH3-2 were indicated to be magnesian limestone. 
 
Table 3.  
The result of the sample’s major oxides by x-ray fluorescence. 
Name SiO2 TiO2 Al2O3 FeO MnO MgO CaO K2O P2O5 SUM LE 

DH1-1 0.13 0 0 0.03 0.018 0 58.47 0 0 58.66 41.34 
DH1-2 0.49 0 0 0.04 0.03 0 57.67 0 0 58.24 41.76 
DH2-1 8.68 0.1 0.37 0.06 0 0 53 0.04 0 62.26 37.74 
DH3-1 6.77 0.12 2.93 1.01 0.045 2.33 46.93 0.29 0 60.44 39.56 
DH3-2 8.41 0.11 2.6 0.96 0.025 2.54 47.24 0.24 0 62.14 37.87 
 DH4-1 0 0 0 0.03 0.023 0 56.82 0 0 56.88 43.13 
DH4-2 0.23 0.12 0 0.03 0.015 0 58.8 0 0 59.19 40.81 
DH4-3 0 0.14 0 0.09 0.05 0 56.53 0 0 56.81 43.19 
DH5-1 0.19 0 0 0.4 0.056 0 57.93 0 0 58.58 41.42 
DH5-2 4.06 0.18 0.45 0.24 0.032 0 55.06 0.06 0 60.09 39.91 
DH6-1 0.3 0 0 0.03 0.019 0 58.69 0 0 59.04 40.96 
DH6-2 0.17 0.09 0 0.04 0.019 0 57.12 0 0 57.46 42.54 
DH7-1 0.67 0 0 0.1 0 0 57.44 0 0 58.21 41.79 
DH8-1 0 0 0 0.03 0.011 0 59.3 0 0 59.34 40.66 

 
Conclusion:  
The limestones in Ban Dan Chang Sub-district, Na Klang District, Nong Bua Lamphu 
Province were classified as pure limestone by chemical classification. The chemistry from X-
ray fluorescent (XRF) shows CaO > 50%, SiO2 < 1%, and without MgO except the DH3-1 
and DH3-2, which is interclastics grainstone, found CaO 46.92–47.23%, SiO2 8.42–6.78% , 
and MgO 2.54–2.33% . It occurs from the storm wave environment according to granular 
microclasts evidence.14 Moreover, each of the samples is slightly different in chemistry 
components. The result of all samples is presented as pure calcite or calcite limestone. The 
mineral composition from petrology and chemistry from X-ray fluorescence (XRF) were also 
compatible. However, the sample was different for textures, weathering, and percentages of 
fossils. Therefore, the samples can be divided into 4 types including fossiliferous biomicrite, 
sorted biosparite, poorly sorted biosparrite, and spare biomicrite following Folk’s theory.9-10 
As well as the samples can be divided the limestones into 4 types including mudstone, 
grainstone, floatstone, and packstone following Dumham’s theory.11 The Wang Saphung 
Formation was deposited during the upper Mississippian to Pennsylvanian (300-330 Ma).13 
The stratigraphic sequence consists of conglomeratic sandstone, greywacke sandstone, chert, 
shale, and limestone lens containing the corals and overlay by Permian rocks.15 The result of 
the correlation shows the percentage of fossils is 5-80. The correlations are present in Figure 
3 to Figure 5. The range of fossil 30-80%  is the mid-ramp to the inner ramp zone in which 
the zone of greatest organic carbonate sediment is deposited.16 Furthermore, the range of 
fossil 5-25% is the change in production profile from the shoreline to the basin (open 
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marine).16 In addition,  there are outcrops of shale interbedded with limestone nearby, 
supporting that the studied sedimentary rocks were deposited at the mid-ramp to the outer 
ramp. Hence, limestones in the study area are carbonate deposited in the inner ramp to the 
mid ramp, which are transition to open marine during Permian Period17, on shallow marine 
present in Figure 6.  
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Figure 3  

The cross-section line of A-A’ and B-B’ (modified from Google Earth Pro, 2023)  
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Figure 4 

The cross-section of line A-A’ . 
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Figure 5 

The cross-section of line B-B’. 
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Figure 6 

The carbonate ramp defined from DH1 to DH8 facies associate. 
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Abstract:  
Spillway slope of Phra Archan Jue Reservoir Project (Lam Kra Juan), Chaiyaphum Province 
consist of block in matrix and weathered sandstone which is more complicated than a general 
soil slope or rock slope. Therefore, it is necessary to analyze the slope stability by 2D Finite 
Element Method to obtain a Critical Strength Reduction Factor (Critical SRF) indicating the 
stability of the slope in the study area, which is comparable to the Factor of Safety (FS) 
obtained from assessing slope stability by other methods. In this study, the characteristics of 
slope in the study area are divided into two characteristics that are the area of weathered 
sandstone slope with block in matrix slope on the top, and the area of all blocks in matrix 
slope. Different engineering properties of rock and soil obtained from field and laboratory 
tests are used to assess slope stability in this study area. The rock block in block in matrix 
slope were set at 0, 20, 30, 40 and 50%. In this study find out the parameter that has the 
greatest effect on the Critical SRF is the internal friction angle of block in matrix. The 
internal friction angle of block in matrix that raise the highest Critical SRF is 30%. The result 
of slope stability in the study area are unstable, Critical SRF are between 0.25 to 0.88. The 
slip surface occurs at the slope face of block in matrix slope. Therefore, a preliminary slope 
stability enhancement is propose by deciding drainage pipes and spraying concrete 
(shotcrete) on the slope face on the block in matrix slope to prevent the failure of block in 
matrix slope in the study area. 

 
Introduction:  
Block in matrix is a matrix of rock blocks and matrix. It can be found in various locations 
such as mine waste dumps, reservoir, mountain road or highly weathered strata with 
remaining boulders. Block in matrix was defined by Medley1 as a mixture of rocks composed 
of geotechnically significant blocks within a bonded matrix of finer mixture, definition of 
geotechnically significant blocks is a sufficient mechanical contrast between blocks and 
weaker matrix, and that size distributions and volumetric block proportion influence the rock 
mass properties as all scales of engineering interest.2-5 The size of blocks that can be 
classified as block in matrix must between 5% to 75% of slope height.1,5-7 The engineering 
characteristics and mechanical behavior of the block in matrix are more complicated than 
matrix-only or rock-only materials. Slopes that are composed of block in matrix was defined 
as “BIMslope/Block in matrix slope” by Khorasani, Amini, Hossaini & Medley.8 The block 
content that can be classified as block in matrix slope must between 25 to 75%, the 
mechanical behavior of less than 25% of block content is approximate to only-soil slope and 
the mechanical behavior of more than 75% of block content is approximate to only-rock 
slope.2,6,9,10 Slope stability of able to analyzed in several ways but the geomechanics of the 
block in matrix slope is complex. Currently, there are no theories or solutions for analyzing 
the stability of block in matrix slopes and there are very limited number of publications 
related to block in matrix slope is available. For this reason, the analysis met and relevant 
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influencing parameters for the block in matrix slope stability were studied. The most previous 
investigations on block in matrix slope stability used finite element method as a tool while 
some investigations use limit equilibrium or discrete element method. It was found that 
previous researches focus on a total of seven parameters, these are: 1) block content (or the 
volumetric block proportion), 3,5,6,8,11-17 2) the orientation of blocks,6 3) block angularity,5,13 4) 
block aspect ratio (ratio between the width and length),13 5) unit weight ratio between matrix 
and rock blocks,16 6) slope height16 and 7) slope inclination.17,18 From reviewing the previous 
works, it can be concluded that there are many unanswered questions and there is still much 
work to be done in this area. 

The aim of this study is to estimate the block in matrix and weathered sandstone slope 
stability at spillway slope of Phra Archan Jue Reservoir Project (Lam Kra Juan), Chaiyaphum 
Province by using 2D finite element method with different block content and engineering 
properties of sandstone and matrix in study area. 
 
Study area 
Chaiyaphum province is located in the northeastern of Thailand and the Khorat plateau. The 
Khorat plateau was separated by Phu Phan range into two basin, Phun Phan basin on the 
north and Khorat basin on the south, which is consist of nine formations, arranged from older 
to younger (Triassic to Tertiary age) as follows: Huai Hin Lat, Nam Phong, Phu Kradung, 
Phra Wihan, Sao Khua, Phu Phan, Khok Kruat, Maha Sarakham and Phu Thok (Figure 1.). 
The geological conditions at spillway slope of Phra Archan Jue Reservoir Project (Lam Kra 
Juan) is Phu Phan formation, medium to very coarse grained, light grey and reddish brown 
sandstone (Figure 2.). 
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Figure 1. 

Geological map of Chaiyaphum province (DMR, 2010) 

 
Figure 2. 

Study area, Phra Archan Jue Reservoir Project (left), Spillway slopes (right)  
 

Methodology:  
Field study and Assessment of the slope stability parameters 
In order to identify rock units and slope group regions that are suitable for assessing slope 
stability, the field study collected the data in the study area that are required to perform so, 
including rock type, rock shape, rock size, rock orientation and geological structure. The 
rebound hammer was also used categorize the strength and degree of weathering of the in-situ 
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rocks. Rock core and block in matrix samples were consequently obtained for testing in the 
laboratory. According to the degree of weathering, three groups of rock samples are divided. 
The A1 is lightly weathered, the A2 is moderately weathered and the A3 is highly weathered. 
Three core samples from each group were used for testing in the laboratory (Figure 3.). The 
rock samples were prepared and subsequently processed to measure the uniaxial compression 
test, elastic modulus, unit weight and Poisson’s ratio. Meanwhile, the block in matrix sample 
was sampling from three different regions. In order to determine the unit weight and grain 
size of the soil and to classify the soil group, it is necessary to know the general values of the 
elastic modulus and Poisson’s ratio of that soil group. After that, the parameters that were 
influencing the stability of the block in matrix were assessed. The first parameter is the block 
content, which is the quality of blocks in the slope used to assess the stability. There are five 
different level: 0, 20, 30, 40 and 50%. The second parameter is shear strengths, which are 
cohesion and friction angles with different unit weight of the block in matrix. A large-scale 
direct shear test with dimensions of 20 x 20 x 6 centimeters (width, length and height) was 
applied to determine shear strength parameters. The last parameter is the weathering degree 
of rocks, which is determined by the strength of the rock specimen. All of the laboratory tests 
for the engineering properties of rock and block in matrix are performed according to the 
American Society for Testing and Materials (ASTM) standards.20-24 

Specifications of the slopes 
The slopes were modelled to assess the stability by the AutoCAD software based on the slope 
designed by the Royal Irrigation Department and the geological characteristics in the study 
area. The slope has four benches, 5 meters in height, and slope gradient is 1:1. The slope 
divided into two groups with different block content, group one is the weathered sandstone 
slope with the slope face of two bench on the top is block in matrix and group two is the 
weathered sandstone slope with the all slope face is block in matrix (Figure 4.). The position 
of the blocks in the slope is random with dodge overlapping boundary of blocks and the 
blocks has square shape due to the influence of joint and rock blasting.  

 
Figure 3. 

Rock samples, The A1 is lightly weathered (left), the A2 is moderately weathered 
(center), the A3 is highly weathered (right). 
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Figure 4.  

The block in matrix and weathered sandstone slope models, group one model (left) and 
group two model (right) 

 
Finite element Modelling  
Finite element slope stability analysis was conducted using the RS2 software from 
Rocscience.25 The models were discretized using the uniform six nodes triangular elements. 
The mesh size of the elements was smaller than the smallest block in the slope model. The 
boundary condition was fixed along the left, right and bottom boundaries, while the top 
surface of the slope was set free. In addition, the model was simulated under the natural 
gravity force. The engineering properties of weathered sandstone and block in matrix were 
acquired from the laboratory tests. The matrix was assumed to follow the Mohr-Coulomb 
failure criteria without shearing within the blocks and the rocks was assumed to follow the 
Hoek-Brown failure criteria. The Shear Strength Reduction was used to compute the Critical 
SRF, which is comparable to the Factor of Safety. The result of slope stability analysis shown 
the maximum shear strain that indicate the area where the failure may occur for each 
scenario. A total of 90 models was simulated according to the combination of the block 
content and engineering properties of block in matrix and weathered sandstone.  
 
Results and Discussion:  
Field observation  
The representative rock in the study area is Phu Phan Formation, which is medium to very 
coarse grained, light grey and reddish-brown sandstone. In some areas found gravel in 
sandstone. The bedding of sandstone has dips around eight degrees into the slope face and 
one joint set, which is perpendicular to bedding. The measurement of one hundred rock 
samples in the area revealed that the block size are 0.25 to 2.20 meters. The sandstone in the 
study area has three levels of the uniaxial compressive strength as a result of the degree of 
weathering (Table 1.). The block in matrix is the combination between the weathered 
sandstone blocks and the matrix is sand that came form the weathering of sandstone in the 
study area. 
Laboratory results 
The rock testing was performed with three different degrees of weathering, resulting in three 
different levels of shear strength of the rocks (Table 1.). The matrix is a poorly graded sand 
(SP) group, which obtained from grain size analysis. The block in matrix have three levels of 
the unit weight which are derived from field testing, the shear strength of block in matrix was 
tested on the samples with varying the unit weight and block content. The shear strength of 
block in matrix is directly proportional to block content, so it was found that the shear 
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strength tends to increase as block content increases. All parameters of the laboratory testing 
are tabulated in Table 2. 
 
Table 1. Engineering properties of weathered sandstone 

Parameters Sample 
A1 A2 A3 

Average unit weight (kN/m3) 
Average uniaxial compressive strength (MPa) 

Average elastic modulus (GPa) 
Average poisson’s ratio (-) 

22.2 
21.7 
13.81 
0.49 

22.8 
41.0 
12.99 
0.25 

23.0 
50.7 
16.64 
0.24 

mb (-) 
s (-) 

5.82 
0.04 

8.32 
0.11 

9.95 
0.19 

 
Table 2. Engineering properties of block in matrix 
Sample Parameters 

Unit 
weight 

(kN/m3) 

Block 
content 

(%) 

Elastic 
modulus 
(MPa) 

Poisson’s 
ratio (-) 

Cohesion 
(MPa) 

Friction 
angle 

(degrees) 

 
 

SP1 

 
 

12 

0 
20 
30 
40 
50 

 
 

40 

 
 

0.3 

 
 
0 

22.29 
23.75 
30.54 
31.80 
32.62 

 
 

SP2 

 
 

13 

0 
20 
30 
40 
50 

 
 

40 

 
 

0.3 

 
 
0 

23.27 
25.64 
30.96 
33.02 
34.99 

 
 

SP3 

 
 

14 

0 
20 
30 
40 
50 

 
 

40 

 
 

0.3 

 
 
0 

31.38 
32.21 
37.60 
38.31 
41.67 

 
 
Finite element analysis 
The input engineering parameters of block in matrix and weathered sandstone are shown in 
Table 2. and Table 3. The slope stability results show the Critical SRF of model one and 
model two are 0.45 to 0.88 and 0.25 to 0.76, respectively (Figure 5.). Model one has a higher 
Critical SRF than model two due to the characteristics of the slopes; model one has only two 
benches of block in matrix at slope face but model two has four benches of block in matrix at 
slope face (Figure 6.) and the Critical SRF directly proportional to the block content and 
friction angle of block in matrix (Figure 7.). The Critical SRF of all models are lower than 
1.0, indicates that the slope is unstable, the failure area is at the slope face. The slope face is 
block in matrix, which is composed of weathered sandstone blocks, poorly graded sand 
(cohesionless soil) and there is no compacted the block in matrix at spillway slope.  
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The stabilization was performed by inserting 2-inch diameter horizontal drainage with 
a distance of 4 meters between the pipes and spraying concrete (shotcrete) 5 centimeters 
thick. The properties of concrete are tabulated in Table 3. After the stabilization, the Critical 
SRF of all models is increases to 1.35 to 1.86, which is indicated that the slopes have stability 
(Critical SRF>1.0). Considering the increase of the Critical SRF before the stabilization, it is 
found the most affected parameter to Critical SRF is friction angle of block in matrix. 
Friction angle of block in matrix is directly proportional to the Critical SRF and the cause of 
the increases friction angle is the increased block content of block in matrix. The optimum 
block content that gives the highest Critical SRF is block content at 30%. If the block content 
is up to 40%, the Critical SRF will decrease due to the position of blocks in the slope, when 
the failure occurs then movement of blocks and matrix will increase. From the results of 
slope stability analysis showing the failure area occurred, an abnormality was found in the 
0% of block content models. The failure area did not occur at the slope face, this abnormality 
occurs due to the 0% of block content slopes comprising only poorly graded sand. It can be 
classified as only-soil slope. The grain size of poorly graded sand is smaller than the element 
that used to evaluate the stability of slope, which is not suitable for this models. A1, SP1 

 

 
Figure 5.  

Critical SRF relative to block content and the engineering properties of block in matrix 
and weathered sandstone, group one model (left) and group two model (right) 

 

 
Figure 6. 

The example models of block in matrix and weathered sandstone slope, group one 
model (left) and group two model (right) 
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Figure 7.  

Critical SRF relative to friction angle of block in matrix, group one model (left) and 
group two model (right) 

 
Table 3. The engineering properties of concrete 

Properties Value 
Unit weight (kN/m3) 25.0 

Elastic modulus (GPa) 30.0 
Poisson’s ratio (-) 

Uniaxial compressive strength (MPa) 
Shear strength (MPa) 

0.15 
35.0 
3.0 

Rocscience, 2021 
 
Conclusion: 
The results of block in matrix and weathered sandstone slope stability analysis show that the 
Critical SRF of model one is greater than that of model two due to the characteristic of 
slopes. The Critical SRF of all models are between 0.25 to 0.88, which indicates that the 
slope are unstable. The area of the failure may occur on the slope face of block in matrix due 
to the matrix with poorly graded sand exhibiting no cohesion and has no compact. It is 
proposed to stabilize by adding the 5 centimeters thick shotcrete and 2-inch diameter 
horizontal drain with a distance between drainage of 4 meters. Critical SRF of all models 
after the stabilization are between 1.35 and 1.86, which indicates that the slope is stable. The 
parameter that most affects to the Critical SRF is friction angle of block in matrix, which is 
directly proportional to the Critical SRF and the thing that affects the friction angle is block 
content of block in matrix. The optimum block content that gives the highest Critical SRF is 
block content at 30%, if block content was up to 40%, the Critical SRF is decreases. The 
abnormal results were found in the 0% of block in matrix slopes, the failure area did not 
occur at the slope face due to the size of elements is greater than the grain size of poorly 
graded sand. That is not suitable for the only-soil slopes. 
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Abstract:  
This research aims to explore the management of agricultural waste from oil palm plantations 
and to study the use of oil palm branches as an alternative fuel in the production of clay 
bricks. It was found that the most problematic agricultural waste from palm plantations is the 
oil palm branch, which occurs at approximately 931.01 pieces/rai/year. None of the farmers 
surveyed reported having guidelines for managing this waste. This research involved 
collaboration with a clay brick factory to conduct an experiment using oil palm branches as 
fuel for burning clay bricks. The researchers replaced the originally used rubber wood fuel 
with oil palm branches in proportions of 0%, 10%, 20%, and 30%. The results indicated that 
replacing rubber wood with oil palm branches at a rate of 30% led to a reduction in rubber 
wood consumption from 40,000 to 28,000 kg/stove. (60,000 bricks/stove). Burning time was 
reduced from 96 to 84 hours, and the quality of bricks obtained after burning increased from 
54,500 to 59,500 bricks. Oil palm branches are smaller and more uniform in size than rubber 
wood. This characteristic makes it easy to feed fuel into the brick stove and control the 
strength of the flame. 
 
Introduction:  
The southern region of Thailand holds the distinction of being the largest area for oil palm 
cultivation, a vital economic crop for the country. The ambitious oil palm and palm oil 
strategic plan for 2015-2026 outlines a goal to expand plantation areas by 3.0 million rai, 
aligning with efforts to boost production and meet market demand. Emphasizing 
sustainability, farmers are actively encouraged to adhere to the internationally recognized 
RSPO (Roundtable on Sustainable Palm Oil) standards, ensuring that palm oil production 
processes remain environmentally friendly. Reflecting the industry's global impact, 
Thailand's palm oil exports to Europe soared to a value of 2.4 million euros in 2017 
(Department of International Economic Affairs, 2019). The RSPO standard has garnered 
significant interest within the Thai oil palm industry, particularly attracting large companies 
that have become active members (RSPO. MEMBERS, 2019). Membership in the RSPO 
group has proven beneficial for farmers, leading to increased quantity and improved quality 
of palm oil production. Additionally, these farmers enjoy the advantage of selling their palm 
oil at a premium compared to their non-member counterparts. Joining the RSPO also equips 
farmers with effective waste management practices for palm plantations, aligning with 
compliance requirements and endorsed by network factories. Practices such as spreading 
leaves to cover the entire plantation or using palm bunches to cover the base of oil palm trees 
contribute to maintaining or restoring soil fertility1. 

In light of the existing challenge where numerous palm oil plantations are situated far 
from RSPO member mills, a lack of incentives and opportunities hampers the promotion of 
effective agricultural waste management. To address this issue, a research initiative was 
undertaken to gather data on the management and utilization of agricultural waste materials 
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from palm plantations in regions distant from factories. Collaborating with a clay brick 
factory, the study aimed to explore the feasibility of using oil palm branches as a substitute 
fuel for rubber wood in the clay brick burning process. This research not only holds promise 
in incentivizing farmers to adopt better waste management practices but also contributes to a 
sustainable approach aligning with the principles of the Bio Economy – Circular Economy – 
Green Economy (BCG Model), thereby fostering benefits for both farmers and the overall 
environment. 
 
Methodology:  
1. Survey of information on waste management of agricultural materials from palm oil 
plantations 
1.1 Population and sample 
The population in this study was oil palm farmers in Krasae Sin District, Songkhla Province, 
Thailand 359 households. The sample group was calculated the sample size using the formula 
of Yamane (1973)2, which can be calculated according to the formula to have a sample size 
equal to 189 households, allowing an error of 5 percent (e = 0.05)1 where the study used a 
sample group to collect data on a total of 190 households. 
 
n = N/(1+N(e)2)          
 
n = Sample size 
N = Population size 
e = Accuracy/confidence level 0.05 
 

To get the number of samples mentioned above. The researcher used simple random 
sampling from the population of the sample. Structured Questionnaire were used in this 
research which consists of closed-ended questions which has specified answers to choose and 
open-ended questions that allows respondents to be free to give answers or express their 
opinions and semi-open-ended and closed-ended questions. The researcher tried using a 
structured interview before collecting actual data. The steps are in order as detailed below. 
- Study concepts, knowledge and related documents as well as preliminary surveys 
(Reconnaissance survey/preliminary survey) to determine the structure and questions in a 
structured interview that can collect data according to the research objectives. 
- Take the structured interview form to 3 experts to evaluate and then use it to calculate the 
Index of Item Objective Congruence (IOC), which has the following formula: 
 
IOC = ∑R/N 

 
IOC = Conformity index value 
∑R = Sum of expert opinion scores 
N = Number of experts 
 
The scoring criteria is to give 1 point if you are sure that the content of the question meets the 
research objectives. Give 0 points if you are not sure that the question can be measured 
according to the research objectives. Give -1 point if it is certain that the question cannot be 
measured according to the research objectives. Any question with a consistency index of 0.5-
1.0 indicates that the question is consistent with the research objectives3. 
- Modify questions in the structured interview format. It was then piloted with 15 oil palm 
farmers to evaluate the effectiveness of the interview before using it to collect actual field 
data.  
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1.2 Data analysis 
In this research, data analysis was conducted through descriptive analysis, employing a pre-
existing statistical program for data processing. The statistical measures utilized encompassed 
percentage, mean, standard deviation, maximum, and minimum. The researcher extracted the 
outcomes from the analysis and presented them in a summarized form, accompanied by 
detailed descriptions to enhance comprehension. The results, particularly those derived from 
answering questions based on farmers' perspectives, were compiled and incorporated into 
educational materials for dissemination during lectures, facilitating a more accessible 
understanding of the research findings. 
 
2. An experiment on using palm oil branch as fuel for burning clay bricks in an establishment 
2.1 Determine the energy properties of oil palm branch  
The heat value analyzed by Bomb Calorimeter according to ASTM D3286 standard. Put the 
sample to be analyzed for heat value into the Bomb. Surrounding the sample in Bomb is 
water that controls the temperature. The machine will work by igniting the sample to burn the 
sample completely and produce heat. The machine will measure the change in water 
temperature and calculate the heat energy value. From the heat that will radiate to the water 
surrounding the Bomb. 
2.2 Experimental research in clay brick production factory  
In the experimental research conducted at a clay brick production factory equipped with a 
stove boasting a capacity of 60,000 bricks per firing cycle (Brick size is 8.5x19x6 cm), the 
study focused on incorporating oil palm branches in different ratios with rubber wood during 
the brick production process. Data collection aimed to compare this novel approach with the 
traditional method of burning bricks using solely rubber wood. Key parameters assessed 
included burning time, brick quality, and fuel cost. By systematically analyzing these factors, 
the research aimed to provide insights into the feasibility and potential benefits of utilizing oil 
palm branches as a supplementary fuel source in clay brick production, offering a 
comparative perspective with the established practice of using rubber wood alone. 
 
Results and Discussion:  
1. Results of a survey of information on waste management of agricultural materials from 
palm oil plantations 
Data collection for this study was conducted among a sample of farmers in Krasae Sin 
District, Songkhla Province, Thailand, representing regions situated at a distance from palm 
oil factories. The findings revealed that 76.52% of the farmer respondents were male, with an 
average age of 56.55 years. A significant portion of the participants, accounting for 57.22%, 
had no more than primary school education. Remarkably, all the farmers surveyed were 
engaged in oil palm plantation work concurrently with other occupations. It was observed 
that 84.25% of the farmers derived their primary income from oil palm plantations, 
emphasizing the economic significance of this sector in the livelihoods of the surveyed 
population. 

Farmers in the study area cultivate oil palm on an average of 26.50 rai per person. The 
data reveals that oil palm in this region has an average lifespan of 7.24 years, indicating that 
the palm plantations have been established relatively recently. This contrasts with findings 
from Sikao District, Trang Province, Thailand, where farmers reported an average oil palm 
plantation experience of 20.53 years4 and Surat Thani Province, where farmers had an 
average of 18.94 years of experience in oil palm plantation1. 
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In terms of production and sales, the study observed that in 2022, farmers achieved an 
average yield of 2,358.55 kilograms per rai per year. The harvesting period for oil palm 
production occurred approximately every 17.25 days on average. This aligns with similar 
findings from Nakhon Si Thammarat Province, Thailand, where oil palm was harvested every 
16.90 days5. Additionally, oil palm bunches were harvested every 19.34 days on average in 
Surat Thani province, Thailand1. Regarding planting practices, 85.50 percent of farmers in 
the study area reported planting oil palm trees at a spacing of 9X9X9 meters. These details 
provide a comprehensive overview of the agricultural practices and production dynamics in 
the oil palm sector within the study region. 

Agricultural waste generated from oil palm plantations includes oil palm branches, 
which need to be cut down during the harvesting of oil palm bunches. This waste category 
also encompasses imperfect oil palm bunches, such as those that are small or have imperfect 
fruit, as well as raw oil palm bunches that have been discarded from the oil palm product 
purchase yard. Despite the presence of agricultural waste like oil palm bunches, farmers do 
not perceive it as a significant management problem due to the relatively low quantity, 
averaging less than 1.00 percent of all harvested oil palm bunches. Currently, the 
management practice involves placing this waste in the garden to decompose naturally. For 
oil palm branches, farmers typically cut about two branches per tree per harvesting cycle. 
Given that farmers plant 22 oil palm trees per rai, this results in approximately 44 branches 
per rai as agricultural waste in a single harvesting cycle. In this area, where the harvesting 
cycle occurs approximately every 17.25 days on average, the oil palm branches generated 
during harvesting amount to about 931.01 branches per rai per year. Considering that each oil 
palm branch weighs approximately 5 kilograms6, the agricultural waste from oil palm 
branches can be estimated at up to 4,655.07 kilograms per rai per year. 

The study revealed that 100 percent of farmers did not implement effective 
management practices for oil palm branches. Instead, they left the branches in the garden, 
either by stacking them on top of each other or depositing them into water channels. 
Interestingly, it was observed that the decomposition of oil palm branches took more than one 
year. Furthermore, none of the farmers utilized oil palm leaves by creating leaf paths across 
the plantations, citing concerns about additional labor costs. This finding aligns with the 
results of a study by Kunsaengkaew et al. (2020)1, which reported that an increase in oil palm 
plantation area by one rai decreased the likelihood of farmers complying with RSPO 
standards. These standards include spreading oil palm leaves over the entire plantation area to 
aid in soil conservation and weed control, a process requiring additional time and labor to cut 
off hard and thorny parts of the branches before spreading. Farmers expressed the need for 
guidelines on managing and utilizing oil palm branches and expressed hope that these 
branches could be monetized similarly to other agricultural waste. 

 
2. Results of an experiment in using oil palm branch as alternative fuel for burning clay 
bricks in an establishment 
The oil palm branch can be divided into two distinct parts: the base of the branch, 
characterized by its hardness and sharp thorns, and the leaf part, as illustrated in Figure 1. 
 
2.1 The energy properties of oil palm branch 
Table 1 show the energy properties of oil palm branch (base of branch and leaf part) after 
being cut from the tree. The oil palm branches were stored in a well-ventilated shaded area 
inside the brick factory, left to dry for various periods of time, and subsequently analyzed to 
determine their heat value. The results were showed in Table 1. 
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Figure 1.  

Oil palm branches: the base of the branch (left) and the leaf part (right) 
 

Table 1.  
Heat value of palm oil branch 

Oil palm branch after being 
cut from the tree (Day) 

Heat value of base of 
branch (MJ/kg) 

Heat value of the leaf part 
(MJ/kg) 

0  12.35±0.12 11.05±0.08 
5  13.15±0.10 11.24±0.10 
10  14.32±0.15 12.85±0.10 
15  14.45±0.08 13.12±0.12 
20  14.84±0.12 13.15±0.10 
25  15.22±0.10 13.46±0.12 
30  15.56±0.08 13.95±0.10 

 
The findings indicate that the base of the branch exhibited a higher heat value content 

compared to the leaf part. Specifically, the base of the branch, after being cut from the trees 
for 0, 5, 10, 15, 20, 25, and 30 days, showed heat contents of 12.35±0.12, 13.15±0.10, 
14.32±0.15, 14.45±0.08, 14.84±0.12, 15.22±0.10, and 15.56±0.08 MJ/kg, respectively. These 
results align with the findings of Nattawut et al. (2017)7, who reported that oil palm branches 
(base of branch and leaf part) yielded a heat value of 14.78 MJ/kg. 

 
2.2 Clay brick burning using base of oil palm branch as co-fuel in an establishment 
 

      
Figure 2.  

Clay brick: before burning (left) and after burning (right) 
 
The research experiments were carried out at the Wirat Brick Factory in Choeng Sae 
Subdistrict, Krasae Sin District, Songkhla Province, Thailand. The factory is equipped with a 
stove boasting a capacity of 60,000 bricks per firing cycle. Initial data collection focused on 
brick burning using the original fuel, rubber wood, encompassing burning time, fuel cost, 
labor, and brick quality. Burning 60,000 raw bricks required 40,000 kilograms (40,000 baht) 
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of rubber wood, resulting in 54,500 quality red bricks, 2,000 raw bricks, 2,000 black (burnt) 
bricks, and 1,500 broken bricks. The process took 96 hours, equivalent to 4 days and 4 nights. 
This preliminary data serves as a basis for comparison with subsequent experiments 
involving the burning of bricks using a combination of rubber wood fuel and oil palm 
branches in different proportions. Figure 3 illustrates the preparation of oil palm branches 
(base of branch) for clay brick burning.  

As indicated in Table 1, oil palm branches, which require sufficient drying time, were 
utilized for their high heat value. Dried oil palm branches, left to dry for more than 15 days, 
were employed in the burning process. The combination of oil palm branches and rubber 
wood for burning clay bricks is depicted in Figure 4. The study explored using oil palm 
branches (base of branch) instead of rubber wood at rates of 10%, 20%, and 30% of the 
amount used by the factory's original fuel. The detailed results of this study are presented in 
Table 2. 

 

    
Figure 3.  

Preparation of oil palm branches for clay brick burning 
 

      
Figure 4.  

Using oil palm branches along and rubber wood for burning clay bricks 
 

The experimental results highlight that replacing rubber wood with oil palm branches 
at a rate of 30% can lead to significant benefits. Specifically, this substitution reduces the 
amount of rubber wood transported from outside the area from 40,000 kilograms to 28,000 
kilograms per burning cycle. This translates to a reduction of 12,000 kilograms of rubber 
fuelwood per cycle, resulting in cost savings given a price of 1.0 Baht per kilogram. 
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Table 2.  

Results of burning clay bricks by rubber wood along with oil palm branch   
Data Rubber 

wood 
100% 

Oil palm 
branch 
 10% 

Oil palm 
branch 

20% 

Oil palm 
branch 

30% 
Fuel and time for burning  
Rubber wood (Kg) 40,000 36,000 32,000 28,000 
Base of oil palm branch (Kg) 0 4,000 8,000 12,000 
Time for clay brick burning (hour) 96  84 84 84 
Quantity and quality of clay bricks 
Raw clay bricks (before burning) 
(Brick) 

60,000 60,000 60,000 60,000 

Quality clay bricks (Brick) 54,500 57,500 57,450 59,500 
Water absorption value of quality 
bricks (%)a 

10 9.4 9.5 9.3 

Broken bricks (Brick) 1,500 1,500 1,500 500 
Black (burnt) bricks (Brick) 2,000 1,000 1,050 - 
Raw bricks (Brick) 2,000 - - - 

a Hollow bricks or bricks with holes for building walls require to have an average water 
absorption value of 5 bricks not exceeding 10% (TIS 153-2540 standard) 
 

Furthermore, the findings indicate a notable reduction in burning time, from 96 hours 
to 84 hours, while still producing 59,500 high-quality clay bricks (red bricks) and 
maintaining consistent quality. The positive outcomes include only 500 broken bricks, with 
no raw bricks or burnt black bricks. This research demonstrates that the base of oil palm 
branches is a suitable alternative fuel for clay brick burning due to its smaller and more 
uniform size compared to rubber firewood. This characteristic facilitates easier feeding of 
fuel into the brick kiln and better control over the flame's strength during brick burning. The 
results align with the principles influencing heating value, indicating that smaller, uniformly 
shaped pieces of wood burn more efficiently than larger pieces due to the increased surface 
area exposed to air during burning8. 
 
Conclusion:  
Oil palm branches, a prevalent agricultural waste in Thailand, often necessitate the hiring of 
workers for cutting and collection. The base of the oil palm branch, despite being challenging 
to decompose naturally due to its hardness, holds a high heat value. This characteristic makes 
it a promising alternative fuel source, particularly for establishments situated in areas with 
extensive palm oil cultivation. In the context of clay brick factories, which traditionally use 
rubber wood as fuel, this study demonstrates that the base of oil palm branches is a suitable 
and advantageous alternative. 

Burning clay bricks with oil palm branches as fuel leads to an improvement in the 
quality of clay bricks, accompanied by reductions in broken bricks, raw bricks, and burnt 
black bricks. Additionally, the utilization of oil palm branches as fuel results in decreased 
burning time, contributing to cost savings in labor and expediting the production cycle. This 
research underscores the potential of oil palm branches as a sustainable and efficient 
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alternative fuel for clay brick factories, aligning with the broader goal of optimizing resource 
utilization in the agricultural sector. 
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Abstract:  
This study employed a D-optimal mixture design to create nine formulations of a healthy 
spread using three key ingredients: butter (A; 40%-55%), riceberry rice (B; 5%-15%), and 
black garlic (C; 5%-15%). The formulations were analysed for their physical properties, 
chemical properties, and sensory evaluation to identify the optimal combination. The results 
revealed that the best formulation consisted of 49.08% butter, 11.45% black garlic, and 
6.47% riceberry rice. This optimal formulation exhibited promising nutritional content, 
providing 6.07 mg of S-allyl cysteine, 29.65 mg of 5-hydroxymethylfurfural, and 1.40 mg of 
cyanidin per 100 g of dry sample. The overall liking score for the product was 6.42, 
indicating a moderate level of consumer preference. Notably, of the 200 consumers, 86% 
accepted the product and approximately 52% expressed that they would purchase the product. 
These findings highlight the successful development of a healthy riceberry rice and black 
garlic spread and demonstrate its potential as a functional ingredient. 
 
Introduction:  
In recent years, the pursuit of healthier food options has gained momentum as consumers 
prioritise nutrition and well-being. This shift in preferences has fuelled innovation in the food 
industry, with researchers exploring novel ingredient combinations for functional foods1. 
Among the various food products, spreads play a prominent role in daily meals, offering 
versatility and flavour enhancement. Consequently, there is an opportunity to develop a 
healthy spread product that satisfies taste preferences and contributes to a balanced and 
nutritious diet with enhanced potential health benefits. 

Butter, a widely consumed dairy product, is known for its creamy texture and distinct 
flavour2. However, its high saturated fat content has prompted concerns about its impact on 
cardiovascular health3. To address this concern, researchers have explored strategies to 
optimise butter formulations or to identify suitable alternatives that reduce saturated fat while 
preserving sensory appeal. 

Riceberry rice, a newer Thai rice variety, has garnered attention due to its potential 
health benefits4. This hybrid grain, a cross between Thai Jasmine rice and Hom Nin rice, has 
a dark purple colour and boasts a high antioxidant content5. The presence of anthocyanins, 
phenolic compounds, and other bioactive substances in riceberry rice has been linked to anti-
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inflammatory and antioxidant effects, suggesting potential protection against chronic 
conditions such as cardiovascular diseases and certain cancers6-8. 

Another ingredient with notable health-promoting properties is black garlic. Derived 
from the fermentation of fresh garlic, black garlic undergoes an ageing process that alters its 
flavour, texture, and nutritional composition9,10. This transformation leads to the development 
of unique compounds, including organosulphur compounds and antioxidants, which are 
absent in fresh garlic10,11. Black garlic has shown promise in terms of antioxidant, anti-
inflammatory, and antimicrobial effects, as well as potential benefits for immune function 
and cardiovascular health12. 

This study aims to develop a healthy spread product that preserves the appealing 
sensory characteristics of butter while incorporating the health benefits of riceberry rice and 
black garlic. Different proportions of butter, riceberry rice, and black garlic were studied 
using a D-optimal mixture design to achieve an optimal spread formulation with favourable 
physical, chemical, and sensory attributes while enhancing the nutritional value and 
providing consumers with an enjoyable sensory experience. 

 
Methodology:  
Plant materials  
Garlic (Allium sativum L.) was purchased from local markets in Srisaket province (Jae Mam 
Phanit), Thailand. Fresh garlic was peeled and sized; only clean whole cloves were selected 
to produce black garlic at 60 °C and 80% relative humidity for 1 week10. Riceberry rice 
grains were purchased from a local shop (Mussy Rice) located in Mueang Pan District, 
Lampang Province, Thailand. The rice grains were mashed and sieved through a 100 mesh 
screen, and the powder was rapidly stored in an aluminium foil bag. Butter was purchased 
from a super market (Makro). 
Chemicals and reagents 
2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic 
acid) diammonium salt (ABTS), S-allyl-L-cysteine (SAC), and 5-(hydroxymethyl)furfural 
(5HMF) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Ethanol was purchased 
from RCI Labscan Ltd. (Bangkok, Thailand). All other chemicals and reagents used in the 
experiments were analytical grade. 
The formulation development of rice berry and black garlic spread 
A D-optimal mixture design was employed in this study to investigate the effects of three 
independent components: butter (A) 40%-55%, riceberry rice (B) 5%-15%, and black garlic 
(C) 5%-15%, for 26 responses using Design-Expert software (Version 6.0.2, Stat-Ease, 
Minneapolis, MN, USA). Other components in the formulation such as water, parsley, 
xanthan gum, and locust bean gum were constant at 30%, 2.85%, 0.075%, and 0.075% (w/w), 
respectively. Nine formulations were prepared and evaluated (Table 1). 

The riceberry rice and black garlic spread was produced by dissolving xanthan gum 
and locust bean gum in water, gradually mixing it with melted butter and riceberry rice flour, 
followed by black garlic and parsley, and then heated to 60 °C. The spread was packed into 
cleaned glass bottles and then sterilized at 121°C for 15 minutes. All nine formulations were 
subjected to analysis of physical properties (colour [L*, a*, b*, and ∆E] and texture attributes 
[firmness, work of penetration, and adhesiveness]), chemical properties (pH; water activity; 
antioxidant activity based on the ABTS and DPPH radical scavenging assays; and SAC, 
5HMF, and cyanidin contents), and sensory evaluation by 50 consumers (appearance, colour, 
spreadability, overall aroma, salt taste, butter flavour, garlic flavour, riceberry flavour, sweet 
taste, viscosity, aftertaste and overall liking using a 9-point hedonic scale). Statistical analysis 
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was performed to select the optimal formulation. For validation, the optimal formulation was 
produced; its physical properties, chemical properties, and bioactive compounds were again 
analysed. In addition, 200 consumers indicated their acceptance and willingness to purchase 
the formulation. 
 
Table 1 The parameters studied in preparing rice berry and black garlic spread 

Treatment Butter 
(40-55%) 

Riceberry rice 
(5-15%) 

Black garlic 
(5-15%) 

1 47.33 9.83 9.83 
2 47.00 15.00 5.00 
3 51.00 5.00 11.00 
4 40.00 15.00 12.00 
5 47.33 9.83 9.83 
6 47.00 5.00 15.00 
7 40.00 12.00 15.00 
8 47.00 15.00 5.00 
9 55.00 5.00 7.00 

 
Physical properties 
The colour values (L*, a*, b*, and ∆E) of the garlic samples were measured using a 
MiniScan EZ 4500L spectrophotometer (Hunter Associates Laboratory, Inc., Reston, 
Virginia, USA) calibrated with black and white porcelain reference plates following the 
method of Phimolsiripol et al.13. Textural attributes (firmness, work of penetration, and 
adhesiveness) were analysed with the TA.XT. Plus texture analyser (Stable Micro Systems, 
Godalming, United Kingdom). The method was slightly modified from Lis and Ziajka14 and 
involved a penetration test with a 6 mm cylinder probe (P/6, Stable Micro Systems). Test 
parameters included a penetration depth of 12 mm, an applied load of 0.049 N, and a probe 
speed of 2.0 mm/s. 
Chemical properties 
Determination of the SAC, 5HMF, and cyanidin content with high-performance liquid 
chromatography (HPLC) 
The extracts were filtered through 0.45 µm syringe filter before being injected into a high-
performance liquid chromatograph with a UV detector (Agilent Technologies, Santa Clara, 
CA, USA) to analyse the SAC, SAC, and 5HMF content. The HPLC column was a Inertsil 
ODS-3 (C18 column, 5 µm, 4.6 × 250 mm, GL Sciences Inc., Tokyo, Japan) . An isocratic 
HPLC method was used for the analysis. For the SAC and 5HMF analysis, the mobile phase 
was 50 mM phosphate buffer (pH 2.8)/methanol (85:15, v/v)10; for the cyanidin analysis, the 
mobile phase was water, methanol, and formic acid (75:18:7 v/v)15, All reagents were HPLC 
grade. The mobile phase flow rate was 1 ml min-1, with a sample injection volume of 10 µl 
and a column temperature of 25 °C. The detection wavelength was 205 nm for SAC 
detection16, 285 nm for 5HMF17, and 510 nm for cyanidin15. 
Antioxidant activities 

DPPH radical scavenging activity 
The DPPH radical scavenging activity was determined based on the method by Lu et 

al.18 with minor modifications. Specifically, 300 µl of garlic extract was mixed with 3000 µl 
of 0.208 mM DPPH solution. The mixture was incubated in the dark at room temperature for 
30 minutes, followed by measurement of its absorbance at 515 nm. Trolox at concentrations 
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of 0-500 µmol/L was used as the calibrating standard. The antioxidant capacity of the sample 
is expressed as mg Trolox equivalent antioxidant capacity (TEAC) per 100 g dry weight. 

ABTS radical cation scavenging activity 
The ABTS radical cation scavenging activity analysis was modified from the method 

developed by Surin et al.19. Briefly, the ABTS•+ solution was prepared by mixing 7 mM 
ABTS solution in distilled water with 2.45 mM potassium persulphate and incubating the 
mixture in the dark at room temperature for 12-16 hours. Next, the ABTS•+ solution was 
adjusted with 0.1 M sodium phosphate buffer (pH 7.4) to an initial absorbance of 0.75 ± 
0.005 at 734 nm. The reaction was initiated by adding 2900 µl of the ABTS•+ solution to 100 
µl of garlic extract. Then, the mixture was incubated in the dark at room temperature for 10 
minutes, followed by measurement of its absorbance at 734 nm. Trolox was used as the 
calibrating standard. The antioxidant capacity of the sample is expressed as mg TEAC per 
100 g dry weight.   
Statistical analysis 
All experiments were conducted in triplicate. Basic statistical parameters such as means and 
standard errors of the mean were determined using SPSS Statistics 17.0 for Windows (SPSS 
Inc., Chicago, IL, USA). Differences among the garlic cultivars were determined using one-
way ANOVA with Duncan’s multiple range post hoc analysis at the 95% confidence level. 
 
Results and Discussion:  
Physical properties of the nine riceberry rice and black garlic spread formulations 

 

 
Figure 1 The appearance of the nine riceberry rice and black garlic spread formulations 

 
Figure 1 shows the appearance and colour of the nine riceberry rice and black garlic spreads. 
The values for L*, a*, b*, and ∆E of the samples ranged from 23.93 to 31.40, from 4.20 to 
5.81, from 9.03 to 17.47, and from 26.18 to 36.30, respectively (Table 2). These values are 
consistent with the dark purple colour of the samples because riceberry rice, a variety 
obtained from crossbreeding Hom-Nil rice and Khao-Dok-Mali 105 rice20, contains a high 
anthocyanin content21. The texture profile analysis revealed that firmness, work of 
penetration, and adhesiveness ranged from 10.05 to 20.58 g, from 8.48 to 44.79 g.sec, and 
from -7.39 to -38.48 g.sec, respectively (Table 2). Formulation 4 with the lowest butter 
content (40%) and the high riceberry rice content (15%) had the highest firmness, work of 
penetration, and adhesiveness. Meanwhile, formulation 9 with the highest butter content 
(55%) and the lowest riceberry rice content (5%) had the lowest firmness, work of 
penetration, and adhesiveness. These data suggest that the balance between butter and 
riceberry rice levels significantly impacts the texture characteristics of the final product. 
Specifically, riceberry rice absorbs water during cooking for gelatinisation. In a more 
concentrated gel, water molecules appear to have less mobility, as they are closely packed 
and more extensively hydrogen bonded to relatively large and immobile starch molecules22. 
This reduced mobility of water molecules affects firmness and adhesiveness, leading to a 
significant increase in these parameters (p < 0.05). As a result, the sample is perceived as less 
wet or oily and has a lower spread, meaning it is more self-supporting23.   
 

322



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

Table 2 The physical properties of the nine riceberry rice and black garlic spread formulations 
Physical properties Formulations 

1 2 3 4 5 6 7 8 9 
Colour 
   L* 26.16b±0.68 23.93b±2.67 28.91a±0.65 24.44b±2.32 26.16b±1.90 31.40a±2.38 25.83b±2.49 24.41b±2.01 30.85a±1.59 
   a* 5.81a±0.19 5.55ab±0.30 5.17bc±0.10 5.55ab±0.31 5.37ab±0.38 4.82c±0.47 5.67a±0.49 5.59ab±0.22 4.20d±0.13 
   b* 13.31c±0.17 9.03e±0.63 16.96a±0.46 9.28e±0.42 13.47c±0.45 17.47a±0.92 12.41d±0.76 9.24e±0.68 16.00b±0.44 
   ∆E 29.93b±0.62 26.18c±2.59 33.92a±0.74 26.74c±2.18 29.93b±1.70 36.30a±1.53 29.24b±2.39 26.70c±2.01 35.02a±1.20 
Texture Profile Analysis 
   Firmness (g) 13.08d±0.86 17.96b±0.68 11.57e±0.86 20.58a±1.22 12.83d±1.20 10.59f±0.71 13.40d±0.53 15.18c±0.44 10.05f±0.51 
   Work of Penetration (g.sec) 19.07d±2.34 30.36b±1.73 13.68e±2.04 44.79a±1.93 16.94d±1.21 13.41e±0.94 23.42c±2.54 22.35c±2.77 8.48f±1.51 
   Adhesiveness (g.sec) -21.13c±1.82 -24.68b±2.54 -13.20e±1.90 -38.48a±1.77 -17.50d±1.74 -12.90e±0.86 -20.69c±2.30 -20.76c±2.42 -7.39f±1.65 
Different superscripts (a–f) within the same row indicate significant differences (p ≤ 0.05). 

Table 3 The chemical properties of the nine riceberry rice and black garlic spread formulations 
Chemical properties Formulations 

1 2 3 4 5 6 7 8 9 
pH 5.23d±0.01 5.42a±0.01 5.15f±0.01 5.30c±0.01 5.20e±0.01 4.99h±0.01 5.09g±0.02 5.33b±0.03 5.23d±0.01 
Water activity 0.981ab±0.001 0.982ab±0.007 0.986a±0.003 0.982ab±0.005 0.986a±0.002 0.983ab±0.002 0.979b±0.002 0.984ab±0.002 0.985ab±0.001 
Moisture content (%) 42.44c±0.47 39.95d±1.44 44.83ab±0.47 43.53bc±0.64 45.87a±0.89 45.98a±0.43 43.13c±1.13 46.26a±0.60 41.02d±0.18 
Bioactive compounds 
(mg/100g sample) 
   SAC 4.91e±0.12 3.94f±0.12 6.57a±0.16 5.58d±0.14 3.58g±0.09 6.33b±0.02 6.06c±0.01 3.34h±0.02 5.01e±0.11 
   5HMF  27.52b±0.64 14.19g±0.32 28.01ab±0.12 18.52e±0.35 27.54b±0.11 26.54c±0.17 28.76a±0.52 15.65f±0.73 25.18d±0.98 
   Cyanidin 1.413d±0.004 1.511c±0.010 1.380f±0.002 1.584a±0.008 1.406de±0.003 1.396e±0.000 1.341g±0.005 1.562b±0.014 1.284h±0.001 
Antioxidant activity 
(mg Trolox/100g sample) 
   ABTS  847.59a±55.51 724.03b±5.10 740.53b±10.06 864.38a±7.34 856.14a±14.93 842.79a±17.72 860.36a±21.76 747.73b±10.07 649.06c±74.74 
   DPPH  148.20b±0.94 155.21b±7.00 123.23c±0.51 188.50a±2.99 149.77b±7.95 149.63b±3.26 176.56a±8.40 155.80b±4.11 103.82d±9.41 
Different superscripts (a–h) within the same row indicate significant differences (p ≤ 0.05). 

Table 4 The sensory evaluation of the nine riceberry rice and black garlic spread formulations 
Attribute Formulations 

1 2 3 4 5 6 7 8 9 
Appearance 6.34a±1.55 4.82d±1.83 4.92cd±1.79 5.64abc±1.80 4.70d±1.81 4.80d±1.69 5.86ab±1.74 5.18bcd±1.61 4.52d±1.91 
Colour 5.76a±1.66 5.80a±1.69 4.82b±1.81 5.44ab±1.63 5.68a±1.67 5.16ab±1.66 5.64a±1.66 5.30ab±1.47 5.04ab±1.74 
Spreadability 6.68ab±1.17 5.70c±1.84 6.66ab±1.45 5.68c±1.67 6.64ab±1.38 6.50ab±1.56 6.74a±1.52 6.04bc±1.31 6.42ab±1.64 
Overall aroma 6.06ab±1.52 5.44bc±1.43 6.10a±1.59 5.94abc±1.15 6.08ab±1.40 6.06ab±1.17 5.66abc±1.86 5.36c±1.54 6.20a±1.21 
Saltiness 5.90a±1.34 4.96b±1.41 5.84a±1.52 5.30ab±1.47 5.48ab±1.67 5.88a±1.48 5.24ab±1.86 5.28ab±1.37 5.56ab±1.73 
Butter flavour 5.60ab±1.62 5.14bc±1.43 5.92a±1.41 5.18bc±1.45 5.74ab±1.52 6.04a±1.29 5.24bc±1.71 4.82c±1.52 5.94a±1.49 
Garlic flavour 5.72bc±1.65 5.06d±1.71 6.30ab±1.58 5.28cd±1.31 5.82abc±1.62 6.42a±1.37 5.84abc±1.58 5.22cd±1.49 6.12ab±1.41 
Riceberry flavour 5.74ab±1.24 6.02a±1.39 5.52ab±1.01 5.90a±1.07 5.80ab±1.36 5.28b±1.01 5.86a±1.23 6.04a±1.43 5.60ab±1.37 
Sweetness 5.36abc±1.57 4.66d±1.33 5.80a±1.64 5.02bcd±1.39 5.24abcd±1.46 5.60ab±1.43 5.02bcd±1.57 4.80cd±1.34 5.86a±1.65 
Viscosity 6.22a±1.34 5.24b±1.38 6.04a±1.37 5.38b±1.38 6.10a±1.18 6.04a±1.41 6.06a±1.25 5.34b±1.45 6.00a±1.29 
Aftertaste 5.76abc±1.45 5.22c±1.46 6.06a±1.30 5.32bc±1.42 5.76abc±1.27 5.80abc±1.51 5.88ab±1.55 5.36bc±1.56 6.14a±1.23 
Overall liking 6.02ab±1.32 5.20c±1.37 6.22a±1.17 5.30c±1.31 5.58bc±1.49 6.00ab±1.41 6.00ab±1.59 5.30c±1.37 5.62bc±0.83 
Different superscripts (a–d) within the same row indicate significant differences (p ≤ 0.05).
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Chemical properties of the nine riceberry rice and black garlic spread formulations 
The pH and water activity of the samples ranged from 4.99 to 5.42 and from 0.979 to 0.986, 
respectively (Table 3). The formulations with 15% black garlic exhibited the lowest pH, 
which is attributed to the acidity present in black garlic resulting from the Maillard reaction 
products10. Formulation 3 had the highest SAC concentration at 6.57 mg/100 g of sample, 
followed by formulation 6 (6.33 mg/100 g) and formulation 7 (6.06 mg/100 g). Formulation 7 
had the highest 5HMF content at approximately 28.76 mg/100 g, which was not significantly 
different (p > 0.05) from formulation 3 (28.01 mg/100 g). Furthermore, formulation 4 had the 
highest cyanidin content at approximately 1.584 mg/100 g, followed closely by the 
formulation 8 (1.562 mg/100 g). Both SAC and 5HMF are found in black garlic10, while 
cyanidin is found in riceberry rice21; these compounds contribute to antioxidant activity. 
Formulations 1, 4, 5, 6, and 7 demonstrated the highest antioxidant activity among the tested 
formulations, with values ranging from 842 to 864 mg Trolox/100 g of sample according to 
the ABTS radical scavenging assay. Formulations 4 and 7 also exhibited the highest 
antioxidant activity based on the DPPH radical scavenging assay, registering values of 188 
and 176 mg Trolox/100 g, respectively (Table 3). 
Sensory evaluation of the nine riceberry rice and black garlic spread formulations 
Table 4 presents the sensory evaluation results for the nine riceberry rice and black garlic 
spread formulations. Formulation 3 received the highest overall liking score of 6.22, showing 
no significant difference from formulations 1, 6, and 7, which scored 6.02, 6.00, and 6.00, 
respectively, in overall liking. Moreover, these four formulations exhibited no significant 
differences (p ≤ 0.05) in spreadability, overall aroma, salt taste, viscosity, and aftertaste. 
Formulation 3 also scored the highest in butter flavour, garlic flavour, and sweet taste, with 
scores of 5.92, 6.30, and 5.80, respectively. Although the riceberry flavour score of 
formulation 3 (5.52) was lower than that of the formulation 1 (5.74) and formulation 7 (5.86), 
the differences were not significant (p ≤ 0.05). However, the appearance and colour scores of 
formulation 3 were lower than those of formulations 1 and 7, which exhibited the highest 
scores in these attributes. 
Regression analysis and optimisation of the riceberry rice and black garlic spread 
The mixture regression models, as adjusted and presented in Table 5, were significant (p ≤ 
0.05) for a range of variables, including L*, ∆E, firmness, work of penetration, adhesiveness, 
pH, antioxidant activity based on the ABTS radical scavenging assay, antioxidant activity 
based on the DPPH radical scavenging assay, the SAC content, the 5HMF content, the 
cyanidin content, overall aroma, butter flavour, garlic flavour, riceberry rice flavour, 
sweetness, viscosity, aftertaste, and overall liking of the formulation. As indicated in Table 5, 
the variable responses exhibited a strong fit to the models, with high determination 
coefficients (R2 > 0.7000). 

In the contour plot illustrating physical property responses (Figure 2), a clear 
correlation emerged, indicating that firmness, work of penetration, and adhesiveness were 
directly proportional to the percentage of riceberry rice but inversely proportional to the 
percentage of butter. As discussed previously, the significant increase in firmness and 
adhesiveness observed in riceberry rice can be attributed to its impact on the reduced mobility 
of water molecules during gelatinisation. This finding aligns with the study by Fradinho et 
al.22, who reported that a higher rice flour concentration leads to an increased gel structure 
due to the formation of more gel linkages during cooking . In support of this view, Muego et 
al.24, reported a negative correlation between the maximum force during penetration and 
wetness/spread, and a positive correlation with hardness. In the context of riceberry spread 
samples, this implies that higher force values were recorded for samples rated low for 
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wetness and spreadability but high for hardness. The firmness, work of penetration, and 
adhesiveness of butter depend on various factors such as the composition, storage 
temperature, storage time, and manufacturing conditions25. Generally, butter exhibits a stable 
structure but poor spreadability at refrigeration temperatures. In contrast, it shows poor 
structural stability and may experience issues such as oiling off and moisture migration at 
room temperature25, resulting in a decrease in these properties as the butter content increases. 
 
Table 5 Regression analysis of riceberry rice and black garlic spread 

Variable Regression equations P- Value R2 
L* 1.22*A + 12.79*B + 11.78*C– 0.31*A*B – 0.27*A*C – 1.29*B*C + 0.03*A*B*C 0.0055 0.9982 
∆E 1.11*A + 9.44*B + 9.40*C – 0.23*A*B – 0.21*A*C – 0.98*B*C + 0.02*A*B*C 0.0035 0.9988 
Firmness 0.09*A + 0.81*B + 0.17*C 0.0105 0.7808 
Work of Penetration -0.17*A + 2.15*B + 0.74*C 0.0126 0.7675 
Adhesiveness 0.12*A – 1.781*B – 0.71*C 0.0105 0.7808 
pH 0.08*A + 0.09*B + 0.06*C 0.0010 0.8993 
ABTS 16.99*A + 269.61*B + 199.53*C – 6.09*A*B – 4.37*A*C – 35.05*B*C + 0.81*A*B*C 0.0192 0.9936 
DPPH 2.89*A + 63.36*B + 39.98*C – 1.32*A*B – 0.83*A*C – 5.84*B*C + 0.12*A*B*C 0.0008 0.9997 
SAC 4.11E-003*A + 0.72*B – 0.48*C – 0.01*A*B + 0.02*A*C < 0.0001 0.9970 
5HMF -0.19*A + 0.20*B – 7.88*C + 0.20*A*C + 0.17*B*C 0.0006 0.9860 
Cyanidin 0.02*A + 0.04*B + 0.02*C 0.0041 0.8393 
Overall aroma 0.18*A + 1.95*B + 0.95*C – 0.05*A*B – 0.02*A*C – 0.19*B*C + 4.33E-003*A*B*C 0.0132 0.9956 
Butter flavour 0.09*A+ 3.66E-003*B + 0.10*C 0.0007 0.9096 
Garlic flavour 0.09*A – 7.72E-005*B + 0.13*C < 0.0001 0.9820 
Riceberry rice flavour 0.04*A – 0.91*B – 0.57*C + 0.02*A*B + 0.02*A*C + 0.10*B*C – 2.01E-003*A*B*C 0.0122 0.9959 
Sweetness 0.09*A – 1.02E-003*B + 0.09*C 0.0005 0.9208 
Viscosity 0.07*A – 0.89*B + 0.07*C + 0.02*A*B + 0.02*B*C 0.0004 0.9878 
Aftertaste 0.09*A + 0.03*B + 0.10*C 0.0099 0.7850 
Overall liking 0.09*A + 0.04*B + 0.13*C 0.0240 0.7114 
Note: A = Butter, B = Riceberry rice and C = Black garlic. 

 
Figure 3 highlights a clear inverse correlation between pH and the percentage of black 

garlic. This is due to the production of organic acids, such as acetic acid, during the thermal 
or ageing processes of black garlic production in browning reactions26, The presence of these 
acids is closely tied to the sour taste of black garlic. Furthermore, 5HMF is produced in 
browning reactions. This compound is derived from 1,2-enolisation, dehydration, and 
cyclisation reactions of hexose sugars, and the degradation of Amadori products during the 
Maillard reaction under acidic conditions27. Furthermore, the heat treatment in black garlic 
production increases SAC due to γ-glutamyl-S-allylcysteine catabolism10,28. Therefore, the 
formulations with a high black garlic content had a low pH and elevated levels of SAC and 
5HMF. Additionally, they exhibited high antioxidant activity, which is attributed to SAC and 
5HMF and other Maillard reaction products and various compounds containing or not 
containing sulphur in black garlic. Moreover, the cyanidin content showed direct 
proportionality to the percentage of riceberry rice. As a result, samples with high levels of 
black garlic and riceberry rice, namely formulations 4 and 7, exhibited the highest antioxidant 
activity. 

Regarding the effects of processing components on sensory properties (Figure 4), both 
butter and black garlic contributed positively to their respective flavours. In contrast, 
riceberry rice had a negative effect on the butter and black garlic flavours. Conversely, 
riceberry rice enhanced its own flavour positively, while butter and black garlic had a 
negative influence on the riceberry rice flavour. This results may be attributed to the presence 
of dimethyl trisulphide and acetic acid in butter, which impart mature cheese-like and 
vinegar-like flavours29, a characteristic also found in black garlic30. The common volatile 
compounds in butter and black garlic could potentially support their flavours. On the other 
hand, the main volatile compounds of riceberry rice, including vanillin (vanilla note), 
guaiacol (smoky note), 4-vinylguaiacol (clove, spicy, smoky note), and p-
hydroxyphenylbutan-2-one (sweet, candy, fruity, berry note)31, differ from those in butter and 
black garlic. Therefore, it is reasonable to anticipate that samples with a high level of 
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riceberry rice may present a superior riceberry aroma, resulting in higher scores for the 
riceberry flavour. Conversely, samples with a low level of riceberry rice or a high level of 
butter or black garlic may receive lower scores for the riceberry flavour. The decrease in the 
level of riceberry rice also resulted in higher acceptance ratings for sweetness, viscosity, 
aftertaste, and overall liking of riceberry and black garlic spread. 

 

 
Figure 2 Contour plot of the effects of processing components on physical properties: 

L*, ∆E, firmness, work of penetration, and adhesiveness 
 

 
Figure 3 Contour plot of the effects of processing components on chemical 

properties: pH, antioxidant activity based on the ABTS radical scavenging assay, antioxidant 
activity based on the DPPH radical scavenging assay, the SAC content, the 5HMF content, 

and the cyanidin content 
 

 
Figure 4 Contour plot of the effects of processing components on sensory properties: 

overall aroma, butter flavour, garlic flavour, riceberry flavour, sweet taste, viscosity, 
aftertaste, and overall liking 
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Figure 5 Overlay plot of riceberry rice and black garlic spread 

To achieve the optimal formulation with high bioactive compound content, 
antioxidant activity, and consumer satisfaction, it is recommended to use the following 
proportions: 49.08% butter, 6.47% riceberry rice, and 11.45% black garlic. This optimal point 
is represented by a star symbol on the overlay plot in Figure 5, while the yellow-shaded zone 
represents all suitable solutions provided by the software. Regarding prediction accuracy, the 
percentage errors between the predicted and observed values were generally less than 10%, 
except for L* and antioxidant activity measured by DPPH radical scavenging (Table 6). This 
optimal formulation received an 86% acceptance rate among consumers, and 52% indicated 
they would purchase the produce (Table 6).  

Although the final product received a very high overall acceptance rate, the 
willingness to purchase was relatively low. The scores for the various sensory attributes did 
not exceed 7 points; a highly acceptable sensory quality should have a mean liking score of ≥ 
7 on a 9-point scale32. Therefore, there is a need to refine the final product in the future to 
enhance consumer satisfaction. 
 

Table 6 The predicted and the observed values of the final product 
Attribute Predicted value Observed value Percentage error 

L* 28.28 24.83 13.89 
∆E 32.94 31.68 3.97 
pH 5.13 5.06 1.32 
Firmness 11.36 11.69 2.81 
Work of Penetration 14.13 14.09 0.30 
Adhesiveness -13.81 -13.24 4.28 
Antioxidant ABTS 809.83 846.52 4.33 
Antioxidant DPPH 136.31 153.55 11.23 
SAC 5.57 6.07 8.24 
5HMF 27.51 29.65 7.21 
Cyanidin 1.35 1.40 3.65 
Overall aroma 6.13 6.32 3.01 
Butter flavour 5.87 6.48 9.41 
Garlic flavour 6.16 6.49 5.08 
Riceberry flavour 5.56 5.75 3.30 
Sweet taste 5.61 5.95 5.71 
Viscosity 6.17 6.82 9.53 
Aftertaste 5.95 6.46 7.89 
Overall liking 5.94 6.42 7.48 
Consumer acceptance accepted 86% 
 not accepted 14% 
Purchase decision will buy 52% 
 will not buy 48% 
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Conclusion:  
This study successfully developed a reduced-fat healthy spread using riceberry rice, black 
garlic, and butter. While the formulation received over 80% consumer acceptance, only 52% 
indicated they would be willing to purchase the product. Future improvements should focus 
on enhancing the flavour and taste to increase consumer liking and to increase the willingness 
to purchase. These findings highlight the demand for healthier food options and emphasise 
the need for ongoing innovation to meet consumer preferences. The study contributes to the 
development of a healthier food market that caters to health-conscious consumers seeking 
nutritious and flavourful spreads. It also promotes the development of agricultural products. 
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Abstract: 
 Musa balbisiana fruit, commonly known as "Kluia Tani", is a wild banana endemic to  
Eastern South Asia that is enriched with phytochemical and nutraceutical content with anti-
hyperglycemic properties. The present study aimed to evaluate the in vitro anti-hyperglycemic 
potential of microencapsules from M. balbisiana extract (MBM) and the developed instant 
drink powder containing MBM (D-MBM). Herein, total phenolic content was investigated 
based on the Folin-Ciocalteu method. The activities of α-glucosidase and dipeptidyl peptidase-
4 (DPP-4) were evaluated by enzymatic inhibitory assays. The predicted glycemic index (pGI) 
of carbohydrates relative to glucose was calculated using the incremental area under the curve 
method. The result showed that MBM had a total phenolic content of 23.11±1.28 mg GAE/g 
dried powder. MBM effectively inhibited α-glucosidase and DPP-4 activities with an IC50 
value of 1.84±0.005 µg/ml and 41.20±2.22%, respectively. The D-MBM containing 10% w/w 
of MBM showed a pGI value of 75.25± 0.05 after 120 minutes of digestion, while a commercial 
product had a pGI value of 99.96±0.04. As a result, our study suggests that M. balbisiana 
microencapsulate has a low glycemic index and also has the ability to prevent hyperglycemia 
by inhibiting intestinal enzymes related to blood glucose control. In the future, 
microencapsulated M. balbisiana extract may be used as a functional ingredient in meal 
replacement products to resolve hyperglycemia. 
 
Introduction:  
 Hyperglycemia is a condition characterized by abnormally elevated blood sugar levels. 
It is greater than 100 mg/dL when fasting and greater than 140 mg/dL after 2 hours of 
postprandial1. In a healthy individual, this condition is associated with an elevated chance of 
developing diabetes. In diabetes, hyperglycemia occurs when there is insufficient insulin action 
to keep blood glucose levels within the normal range. This can cause a wide range of symptoms 
and long-term complications2. Therefore, blood glucose control is one of the most significant 
treatments for diabetes. The primary component of expenditure for the treatment of diabetes is 
pharmaceutical medications. According to a study in 2014, it was shown that the unit cost of 
diabetes mellitus in patients receiving care at a general hospital in Thailand exceeded 2 million 
baht3. The mean overall expenditure per patient during the initial year exceeded 22,000 baht4. 
The data indicated that the expenses associated with diabetes are increasing annually. 
 In recent years, there has been a growing use of medicinal plants due to their potential 
for cost savings and the prevention of side effects from drug-induced hypoglycemia2. Green 
bananas (Musa spp.), particularly Musa balbisiana (known as "Kluai Tani" in Thai), are an 
important plant native in many Asian countries, including Thailand. It has been demonstrated 
that various parts of this plant, including the fruit, inflorescence, and leaf, possess biological 
activities due to their phytochemical contents and secondary metabolites such as polyphenols, 
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flavonoids, tannins, monoterpenoids, sesquiterpenoids, quinones, and saponins5. According to 
research reports, extracts derived from various components of M. balbisiana exhibit anti-
diabetic benefits in vitro and in vivo. In an in vitro model, M. balbisiana seed extracts have 
been demonstrated to inhibit α‐amylase and α‐glucosidase enzymes with IC50 values of 36.67 
and 100.61µg/ml, respectively6. In an in vivo model, inflorescence extracts of M. balbisiana 
have the potential to reduce fasting blood glucose and glycated hemoglobin levels by restoring 
serum insulin in Wistar rats7. Fruit and peel extracts of M. balbisiana have the potential to 
lower serum glucose, urea, uric acid, creatinine, triglyceride and total cholesterol8. These 
extracts have been documented to inhibit specific enzymes, resulting in the delayed absorption 
of glucose. This process aids in preventing elevated blood glucose levels, thereby contributing 
to the regulation of blood glucose and subsequently reducing postprandial hyperglycemia9.  
 As a result, this study aimed to evaluate the in vitro anti-hyperglycemic potential of 
microencapsules from M. balbisiana extract (MBM) by enzyme inhibition of α-glucosidase 
and dipeptidyl peptidase-4 (DPP-4). Furthermore, a newly instant drink powder that contained 
MBM (D-MBM) was formulated to determine its glycemic index in order to develop a 
prototype of meal replacement product exerting anti-hyperglycemia properties.  
 

Methodology:  
Materials 
 Green bananas (Musa balbisiana) in the 1st-2nd stage of maturity (100-110 days after 
the blossoms appeared) were harvested from Nakhon Si Thammarat in 2021. The whole fruit 
(peel, pulp, and seed) of bananas were washed, sliced, and dried at 55 ± 1 °C until the moisture 
content was less than 10%. The dried slices were ground and glided through a 1.0 mm. steel 
mesh. The banana powder was stored in an aluminum foil bag at cold temperature until 
extraction. All isolate protein powders were purchased from Unify chemical co. Ltd. and Food 
ingredient technology co. Ltd. Non-dairy creamer powder was purchased from King rice oil 
group co. Ltd. and Dietary fiber was purchased from Krung thep chemi co. Ltd. 
 
Preparation of microencapsulate from M. balbisiana extract (MBM)  
 The banana powder was dissolved in distillation water and extracted by Ultrasonic 
assistant (Model. BXMZDX51-T, 20 kHz, 100 W) at a power of 150-200 watts for 60 minutes. 
After extraction, the solution was microencapsulated through the spray-drying technique (spray 
dryer, mobile Minor/GEA Niro S/N, China). The feed flow of the solution to be dried was 5 
ml/min, and the inlet and outlet air temperatures were 140 °C and 80 °C, respectively. After 
spray drying, powders were recovered and stored in an aluminum foil bag at a cold temperature 
until evaluation. 
 
Preparation of instant drink powders containing MBM (D-MBM) 
 Three formulations were prepared for the development of instant drink powder (D-
MBM), as shown in Table 1. The composition of each formula consisted of the same 
fundamental ingredients with varying amounts of MBM. The D-MBM formula 1 (F1), formula 
2 (F2), and formula 3 (F3) included 2%, 5%, and 10% weight/weight (w/w) of MBM, 
respectively. The components were thoroughly combined and kept in an aluminum foil bag. 
The D-MBM samples were stored in a refrigerator until they were investigated. 
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Table 1. Formulas of instant drink powders containing MBM (D-MBM) 
 

Ingredients Formula  
Control F1 F2 F3 

Protein (Soy protein isolate, Pea protein and 
Sodium caseinate, ratio 2:2:1) (%) 

42.9 42.9 42.9 42.9 

Fat (rice bran oil non-dairy rice bran oil) (%) 30 30 30 30 
Carbohydrate (unripe banana flour) (%) 15.6 15.6 15.6 15.6 
Dietary fiber (%) 6.5 6.5 6.5 6.5 
Cocoa powder (%) 5 5 5 5 
MBM (%) - 2 5 10 

 
Total phenolic content  
 The total phenolic content (TPC) was measured using Folin-Ciocalteu’s colorimetric 
assay10. MBM was dissolved in distillation water and mixed by vortex mixer. The solution was 
centrifuged at 5000 rpm for 15 minutes. After that, 250 µl of supernatant was mixed with 1250  
µl of 10% Folin-Ciocalteu reagent. 1000 µl of 7.5% Na2CO3 was added to the mixture and 
incubated at room temperature for 60 minutes. The absorbance of the solution was determined 
at 765 nm. The same method was employed to determine the TPC for D-MBM. The total 
phenolic content (TPC) was calculated using a standard gallic acid equivalent (GAE) curve. 
 
α-Glucosidase inhibitory assay  
 The effect of the MBM on α-glucosidase inhibitory activity was determined following 
an enzyme inhibition assay with minor modification11. 20 µg of MBM was dissolved in 0.5 ml 
100% DMSO  and sonicated for 1-2 minutes. 50 µl of 50 mM phosphate buffer (pH 6.9), 50 µl 
of α-glucosidase (0.57 unit/ml) and MBM solution was added in 96-well plate and incubated 
at 37°C for 10 minutes. After that, 50 µl of 5 mM p-nitro phenyl glucopyranoside (p-NPG) was 
added to the mixture and incubated at 37°C for 20 minutes. The absorbance of the solution was 
determined at  405 nm. Acarbose was used as a positive control (concentration range 200 μg/ml 
to 3200 μg/ml). The α-glucosidase inhibitory activity was calculated and expressed as the 
percentage of -glucosidase inhibition. 
 

%α − Glucosidase 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = {1 −
𝐴𝑏𝑠𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐴𝑏𝑠𝑠𝑎𝑚𝑝𝑙𝑒 𝑏𝑙𝑎𝑛𝑘

𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑏𝑙𝑎𝑛𝑘
 } × 100 

 
  
Dipeptidyl peptidase-4 (DPP-4) inhibitory assay 
 The effect of the MBM on DPP-4 inhibition activity was determined following an 
enzyme inhibition assay with minor modification12. 20 µg of MBM was dissolved in 0.5 ml 
100% DMSO  and sonicated for 1-2 minutes then the solution was adjusted with 50 mM Tris-
maleate buffer (pH 8.0) to obtain final concentration of 200 µg/ml . 20 µl of DPP-4 (0.05 
unit/ml) and 40 µl of sample solution were added in 96-well plate and incubated at 37°C for 
10 minutes. After that, 100 µl of 0.2 mM GP-p-NA substrate was added in mixture and 
incubated at 37°C for 30 minutes. The reaction was stopped with 30 µl of 25% CH3COOH. 
Diprotin A was used as a positive control. The absorbance of the solution was determined at 
405 nm. The DPP-4 inhibitory activity was calculated and expressed as the percentage of DPP-
4 inhibition. 
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%𝐷𝑃𝑃 − 4 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = {1 −
𝐴𝑏𝑠𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐴𝑏𝑠𝑠𝑎𝑚𝑝𝑙𝑒 𝑏𝑙𝑎𝑛𝑘

𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑏𝑙𝑎𝑛𝑘
 } × 100 

 
 
In vitro starch hydrolysis and predicted glycemic index (pGI)  

D-MBM, MBM, white bread, and a commercial product were subjected to the 
examination of starch hydrolysis and pGI as follows: 

Total starch determination 
  Total starch content was modified and determined followed Goñi13. 50 mg of 
DMBM was dispersed in 6 ml of 1 M NaHCO3 and incubated in a shaking water bath at 37 °C 
for 30 minutes. After that, 3 ml of 50 mM Sodium maleate buffer and 1.2 ml of PAA/AMG 
was added and incubated at 60 °C for 120 minutes. Glucose content was determined using D-
Glucose Assay Kit (Megazyme, Ireland). The absorbance of the sample was read at 510 nm 
using a UV–vis spectrophotometer. Total starch was calculated as mg of glucose using a 
conversion factor. 
 Starch digestibility determination 
  Starch digestibility was modified and determined according to the method 
proposed by Goñi13. 100 mg of DMBM was dispersed in 1.2 ml of distillation water and 
incubated in a shaking water bath at 40 °C for 5 minutes. 0.1 ml 10% α-amylase was added and 
incubated for 1 minute. Then, 1.5 ml of HCl-KCl buffer (pH 1.5) and 1 ml of 10% Pepsin in 
HCl-KCl buffer were added into the mixture, and incubated in a shaking water bath at 40 °C 
for 60 minutes. 32 µl of 1 M NaHCO3, 5 ml of 10% bile salt, 5 ml of 50 mM Sodium Maleate 
buffer (pH 6), 1.8 ml of PAA/AMG and 0.4 ml of distillation water were added to the mixture, 
and incubated in a shaking water bath at 40 °C. A 0.5 ml aliquot sample was taken at every 30, 
60, 90, 120, 150, 180 and 240 minutes into 2 ml of absolute ethanol for enzyme inactivation. 
Glucose content was determined using the D-Glucose Assay Kit (Megazyme, Ireland). The 
absorbance of the sample was read at 510 nm using a UV–vis spectrophotometer. 
  Starch content was calculated as mg of glucose using a conversion factor and 
starch hydrolysis rate was expressed as the percentage of total starch hydrolyzed at different 
times (30, 60, 90, 120, 150, 180 and 240 minutes). The hydrolysis index (HI) was calculated 
by dividing the area under curve (AUC) for a sample by the AUC of a reference (commercial 
white bread) as follows: 

 

𝐻𝐼 =  
𝐴𝑈𝐶𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑈𝐶𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒
 × 100 

 
The pGI was obtained according to the equation as follows: 
 

𝑝𝐺𝐼 =  39.71 + 0.549𝐻𝐼 
 
Statistical analysis 
 In this study, all the analyses were performed in triplicate and the data obtained was 
presented as mean ± standard deviation (S.D). The results were analyzed statistically by SPSS 
24.0 software (SPSS 16.0 for Windows, SPSS Inc., Chicago, IL, USA) using one-way analysis 
of variance (ANOVA) and Duncan's multiple range test. The significance of the difference was 
defined at p < 0.05. 
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Results and Discussion:  
Total phenolic content and enzyme inhibitory activities of MBM 
 

Prior to formulating the instant drink powder, MBM was assessed for its total phenolic 
content (TPC) and enzyme inhibitory properties. As detailed in Table 2, MBM exhibited a total 
phenolic content of 23.11±1.28 mg GAE/g dried powder. For enzyme inhibitory activities, it 
was found that MBM exhibited a potent inhibitory activity against α-glucosidase, evidenced 
by an IC50 value of 1.84±0.005 µg/ml, which was stronger than acarbose (IC50 = 622.27±6.89 
µg/ml). Furthermore, MBM could inhibit DPP-4 activity by 41.20±2.22%, but this action was 
weaker than diprotinA, which could inhibit the DPP-4 activity by 91.79±1.25 %.  
 It was suggested that the inhibitory activity against blood glucose control enzymes was 
due to the TPC in MBM. TPC from bananas (Musa sapientum L.) has been shown in a recent 
study to inhibit the α-glucosidase enzyme via major polyphenols such as catechin, epicatechin, 
and gallocatechin14. Apiforol, a phenolic compound derived from M. balbisiana seed extracts, 
inhibited the glucosidase enzyme effectively6. Because our MBM was extracted from the whole 
fruit (peel, pulp, and seed) of M. balbisiana, MBM may contain these phenolic compounds that 
inhibit α-glucosidase. However, there are no recent reports studying the inhibitory effect of 
DPP-4 from banana extract. Nonetheless, a study on another source of phenolics, specifically 
phlorizin, a phenol glycoside compound from C. latifolia extract, demonstrated a significant 
level of DPP-4 inhibition (66.15 ± 4.09%) as well as α‐glucosidase inhibition9. This may be 
due to the binding of phenolic compounds to the active site of the enzymes, resulting in 
competitive inhibition. Some of these phenolic compounds had been shown to exhibit the 
strongest inhibition capacity towards α-glucosidase and DPP-4 by forming hydrogen bonds and 
hydrophobic interactions with crucial amino acid residues of α-glucosidase and DPP-415. 
Therefore, it is necessary to conduct a detailed analysis of phenolic profiling in MBM 
throughout our future research in order to determine the major bioactive compounds targeting 
these enzymes. 

 
Table 2. Total phenolic content and enzyme inhibitory activities of MBM 
 
Sample  

TPC 
(mgGAE/g dried 

powder) 

Enzyme inhibition 
α-Glucosidase  
(IC50, µg/ml) 

Dipeptidyl peptidase-4 
(%inhibition) 

MBM 23.11±1.28  1.84±0.005 41.20±2.22 

Positive control* - 622.27±6.89 91.79±1.25 

*Positive control: acarbose was used as a positive control of α-glucosidase and diprotinA was 
used for dipeptidyl peptidase-4 
 
 
Formulation of D-MBM and their total phenolic content. 
  
 The objective of D-MBM development is to produce a prototype of an instant drink 
powder that will serve as a replacement for a complete meal. Herein, three formulations of D-
MBM were created using varying concentrations of MBM (Figure 1a) at 2%, 5%, and 10% (%, 
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w/w) designated as F1, F2, and F3, respectively. The product was formulated by blending 
protein ingredients, such as soy protein isolate, pea protein isolate, and sodium caseinate. 
Carbohydrates sourced from unripe banana flour, along with fat from rice bran oil  non-dairy 
creamer, were incorporated, complemented by the addition of dietary fiber and cocoa powder. 
The D-MBM exhibited the physical appearance of a fine brown powder, as illustrated in Figure 
1b. The total phenolic content (TPC) for F1, F2, and F3 were 0.56±0.04, 0.65±0.01, and 
1.01±0.23 mgGAE/g dried powder, respectively (Table 3). Notably, D-MBM F3 containing 
10% MBM exhibited 2-fold increase in TPC (p<0.05) compared to the control (Table 3). 
Hence, D-MBM F3 exhibited the greatest presence of total phenolic compounds. However, it 
was suggested that exceeding a 10% addition of MBM in the product might influence the 
sensory attributes. According to these findings, we hypothesized that our prototype product, 
D-MBM, would exhibit anti-hyperglycemic properties by inhibiting enzymes and reducing the 
glycemic index. Therefore, D-MBM F3 was selected to determine the predicted glycemic 
index. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. MBM (a) and D-MBM (b) 

 
 
Table 3. Formulations of D-MBM and their total phenolic content 
 

 
Sample 

TPC 
(mgGAE/g dried powder) 

Control F1 F2 F3 
D-MBM 0.48±0.03b 0.56±0.04b 0.65±0.01b 1.01±0.23a 

a-b: the mean values within the same row with different superscripts were significantly 
different (p<0.05) 
 
 
Predicted glycemic index (pGI) 
  
 The glycemic response of meals in the intestine digestive system can be evaluated using 
a simple experimental method known as starch hydrolysis in an in vitro model16. This method 
provides predictive data before conducting in vivo experimental designs. In this study, 

a b
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predicted glycemic index (pGI) of MBM and D-MBM F3 were compared to white bread (used 
as the reference control) and a commercial product (an instant complete nutrient powder). In 
the initial 30 minutes of digestion, MBM, D-MBM, the commercial product, and white bread 
displayed a rapid increase in the hydrolysis rate, followed by a steady glucose release until the 
end of the 180-minute digestion period. At 180-minute, white bread and the commercial 
product exhibited hydrolysis rates of 98.43±0.14% and 101.47±0.31%, respectively. Notably, 
D-MBM had the lowest hydrolysis rate of 63.22±0.32%, followed by MBM, which had a 
hydrolysis rate of 79.65±0.00% (Figure 2).  

The predicted glycemic index (pGI) is an in vitro technique for calculating the rate of 
carbohydrate hydrolysis in foods. As shown in Figure 3, the white bread and the commercial 
product exhibited pGI values of 100 and 99.96±0.04, respectively. The MBM had pGI of 
85.38±0.21, while D-MBM had a considerably lower pGI value of 75.25±0.05 compared to 
both white bread and the commercial product (p <0.05). This reduction in pGI observed in D-
MBM could be attributed to the inclusion of MBM containing phytochemicals, especially 
phenolic compounds known for their ability to inhibit carbohydrate-digesting enzymes18. 

Additionally, the glycemic index of D-MBM may be influenced by the inclusion of 
resistant starch obtained from unripe banana flour, which comprises approximately 40.9-58.5% 
(g/100 g (d.b.)19. The presence of resistant starch in banana flour has been documented to 
exhibit resistance to hydrolysis or digestion in the small intestine of the gastrointestinal tract 
16,17. This resistance in digestion could potentially decelerate the breakdown of carbohydrates 
into simpler sugars, consequently resulting in a moderated blood glucose response. Therefore, 
our D-MBM has the potential to be a significant health product for improving metabolic 
outcomes associated with insulin resistance and blood glucose control in the future. 
 
 

  
 
 
 
 

 
 
 
 

  
 
 
 

Figure 2. Hydrolysis rate of MBM and D-MBM 
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Figure 3. pGI of Commercial, D-MBM and MBM 
a-c: the mean value within the same row with difference superscripts were significantly 
difference (p<0.05) 
 
Conclusion:  

M. balbisiana microcapsules (MBM) exert the ability to reduce hyperglycemia through 
the inhibition of α-glucosidase and DPP-4. Additionally, the instant drink powder from this 
study has low pGI values attributed to the carbohydrate enzyme inhibition of phenolic 
compounds in MBM, retarding hydrolysis in the GI system in vitro and leading to a low 
glycemic index. Thus, MBM has the potential for healthy product development for blood 
glucose control. 
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Abstract:  
 This study explores the piezoresistive behavior of flexible strain sensors based on 
natural rubber composites. Conductive carbon black and carbon nanotubes as hybrid fillers 
were incorporated into the natural rubber latex matrix using glutaraldehyde as a low-
temperature curing agent. The mechanical and electrical properties of the composites were 
explored in conjunction with tensile testing. It was observed that the composites enhanced a 
high tensile strength and a superior elongation at break up to 7.06 MPa and 678%, 
respectively. In addition, the NR composites demonstrated the excellent sensitivity, which 
indicated by the superior gauge factor under a specific strain. Moreover, the effect of sensor 
shape and dimensions on piezoresistive behavior was examined while subjecting the sensors 
to 150 cycles of the motion on a tendon-based actuator. Different shapes and lengths of the 
sensors influence piezoresistive behavior, as characterized by initial resistance, difference of 
relative resistance, and electrical signal drift. It is found that the composite sensors, designed 
with a U-shape and a length of 30 mm, displayed excellent sensitivity and low signal drift, 
which demonstrated the optimal performance for the present actuator. Thus, the work is 
found to be beneficial to the future development and design of the piezoresistive sensors. 
 
Introduction:  

Recently, flexible strain sensors, known as piezoresistive sensors, have gained 
widespread use in various applications, including soft robotic sensors, wearable devices, 
health monitoring, prosthetic devices, and motion detection.1 These sensors are particularly 
attractive due to several advantages such as high flexibility and stretchability, a wide strain 
range, high sensitivity, and good durability.2-3 Piezoresistive sensors are able to detect 
substantial mechanical deformations in materials through changes in electrical resistance.4 To 
attain the desired electrical and piezoresistive properties of sensors, the selection of 
conductive materials and testing parameter must be considered. Generally, various 
conductive fillers can be employed in the fabrication of piezoresistive sensors, such as 
nanowires (NWs), nanoparticles (NPs), carbon-based materials as graphene, graphene oxide, 
carbon black (CB), and carbon nanotubes (CNTs), along with their hybrid 
micro/nanocomposites.4-8 The carbon-based materials exhibit outstanding mechanical 
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properties, as well as high electrical and thermal conductivity.9 Moreover, in manufacturing 
piezoresistive sensors, the flexibility and elasticity of the substrate materials are crucial 
parameters. Common flexible substrates used in the fabrication of these sensors including, 
polydimethylsiloxane (PDMS), polyethylene terephthalate (PET), polyethylene (PE), 
polyurethane (PU), Ecoflex silicone rubber and natural rubber (NR).1  

NR is an important material, which widely used as flexible strain sensors, and have 
been studied by many researchers.10-14 Tamil Selvan Natarajan et al.10 developed a 
conductive natural rubber (NR) composite filled with CNT, CB, and their filler combinations. 
The composite demonstrated the highest gauge factor (GF) of 20 at approximately 120% 
strain. Furthermore, the synergistic effect of the CB/CNT conductive filler exhibited a 
consistently stable signal even after a large number of repeated loading-unloading cycles 
(around 3600 cycles). Nevertheless, the composite containing CNTs still exhibited an 
irregular electrical signal during cyclic testing. In 2023, Sripornsawat et al.11 developed 
sensors based on NR composite with hybrid CNT/CCB fillers. These sensors were further 
enhanced by the incorporation of a modified deep eutectic solvent (mDES) to improve their 
properties. It was found that the addition of 5 phr mDES, the GF of the NR composite with 
the hybrid conductive filler network showed a significant increase at high strains (>60%). 
However, the NR composite without mDES observed a shoulder peak during tensile cyclic 
testing. Recently, in 2023, Georgopoulou et al.12 developed a sensor using acetylene black 
(AB)/NR composite through two distinct methods: casting and vat-based 3D printing. In 
comparison, the cast sensor strips demonstrated greater sensitivity with GF of 9, and the 3D-
printed sensor strips with GF of 3 at 0-10% strain. Nevertheless, the shoulder peaks are 
observed during cyclic tensile testing for the composites form both casting and vat-based 3D 
printing method, as well as the noise signals are observed during monitoring the bending the 
finger. According to the previous works, the piezoresistive sensors based on NR have 
demonstrated a broad working range under large strains, exhibiting fast responsivity even at 
very low strain levels due to the exceptional flexibility of NR. Additionally, these sensors 
exhibited high sensitivity along with durable sensing performance.1 Thus, the development of 
piezoresistive sensors typically focuses on critical factors such as gauge factors (GF), signal 
drift, and relaxation, which necessitate thorough investigation.1 However, there are remained 
the shoulder peaks and noise signal during dynamic cyclic testing on the wearable device and 
the actuator. Nevertheless, shoulder peaks and noise signals continue to be present during 
dynamic cyclic testing on the actuators. This could be attributed to various factors, including 
the unsuitability of the shape and dimensions of the sensors, particularly influencing sensor 
resistance.  

Therefore, this present work mainly aimed to study the effect of sensor shape and 
dimensions on the piezoresistive properties of flexible strain sensors based on NR 
composites. The hybrid CCB/CNT fillers were incorporated in NR latex matrix and using 
glutaraldehyde (GA) as a low-temperature curing system.15-16 The NR composites were cut 
by a laser cutter as a sample geometry needed including, small-rectangle, large-rectangle and 
U-shaped sensors. Then, the mechano-electrical properties of the composites were explored 
in conjunction with tensile testing in term of modulus, tensile strength, elongation at break 
and gauge factor (GF). Furthermore, the piezoresistive properties on the motion of actuator of 
the NR composite sensors were investigated in term of initial resistance, relative resistance 
differences, and electrical signal drift. 

 
Methodology:  
Materials 
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A commercial high ammonia concentrated NR latex with 60% dry rubber content 
(DRC) was purchased from Chalong Latex Industry (Songkhla, Thailand). Glutaraldehyde 
(GA) was procured from Wing Great Industry Co., Ltd, (Bangkok, Thailand). As a primary 
conductive filler, a conductive carbon black, CCB (Vulcan XC72) with 30 nm particle 
diameter, procured by Cabot Corporation (Texas, USA) was used.  As a second conductive 
filler, carbon nanotube, CNT (NC7000) was purchased from Nanocyl S.A. (Sambreville, 
Belgium). The NC7000 is a 90 pure multiwalled CNT material with a diameter of 9.5 nm, a 
length of ~1.5 µ m.  The sodium dodecyl sulfate (SDS) used to disperse CCB and CNT 
particles in the latex deionized water was manufactured by Banksia Scientific Company 
(Queensland, Australia). 
Preparation of CCB/CNT filled NR composites  

Hybrid CCB/CNT filled NR latex with CCB 20 phr and 1.5 phr of CNT. CCB/CNT 
dispersion was initially prepared by mixing of CCB/CNT and 20 wt% of SDS with deionized 
water (deionized water for diluting 60 to 45 wt% DRC of NR latex). The mixture dispersion 
was sonicated using an ultrasonicator probe (Qsonica Sonicators, Qsonica LLC, USA) for 10 
min. Finally, a 12.5 wt% of GA aqueous solution was slowly added into NR latex under 
mechanical stirring at 200 rpm for 30 min using a magnetic stirrer. The conductive NR 
composites were cast on a glass plate and later dried in a hot air oven at 50ºC for 24 h. The 
crosslinked NR composite films, with a thickness of 1.0±0.5 mm, were laser cut (Thunder 
laser machine, Allplast GmbH, Germany) into the sample geometry needed for the different 
mechanical characterization method. 
Characterization 

For the mechano-electrical characterization, the samples were cut into rectangular 
sensor strips with dimensions 30×7 mm2. The samples were fixed in an universal tensile 
testing machine (Zwick & Roell Z005, Zwick & Roell GmbH & Co., Germany). The stress-
strain behavior of the NR composite was analyzed to investigate the modulus at 10, 100 and 
300% strain, tensile strength and elongation at break. The electrical signal was recorded with 
a Keithley 2450 source meter (Keithley Instruments, Solon, OH, USA) by applying a voltage 
of 5 Voltage. During the tensile testing, the electrical resistance was recorded with a sampling 
rate of 10 Hz. Tensile testing was performed with a crosshead speed of 200 mm/min at room 
temperature until reached the point of fracture.  

The relative resistance (Rrel) was calculated using the following Equation (1).11 
 

      (1) 
 

where R is the value of the electrical resistance, and R0 is the resistance value without 
applied strain.  

The gauge factor (GF), also known as sensitivity, of the NR composites was 
evaluated from the slope of the relative resistance-strain curves and the GF was calculated 
with the following Equation (2).11 

 

      (2) 
 
Soft tendon-based actuator elements (Figure 1) were 3D printed using a thermoplastic 

polyurethane (TPU) filament with Shore hardness 90A from Spectrum Group (Pecice, 
Poland) using a filament-based FDM 3D printer Voladora Nx+ (International Technology 3D 
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Printers S.L., Spain). The actuators were equipped with a stainless-steel tendon wire of 0.5 
mm diameter. For the actuation of the tendon-based soft robotic element, a Dynamixel AX-
12A servomotor from Robotis (Lake Forest, Illinois, USA) and an Arduino microcontroller 
were used. The NR composite samples were cut as sample geometry needed and attached to 
the surface of the soft tendon-based actuator using UHU Sekundenkleber Superflex gel from 
Bolton Swiss S.A. (Massagno, Switzerland). Conductive past (Bare Conductive Paste, RS 
Components, UK) was painted on the edge of the sample sensor elements and connected with 
conductive yarns as shown in Figure 1. The electrical sensor signal was recorded with a 
Keithley 2450 (Keithley Instruments, Solon, OH, USA) source by applying a voltage of 5 
Voltage. 
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(Top view)

(Top view)

NR composite

Soft tendon-
based actuator 
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Control motor

Electrode
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110mm
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Figure 1. 

Setting-up of the tendon-based actuator with incorporated NR composite sensor during the 
motion of the actuator. 

 
Results and Discussion:  
Mechanical properties 
 Mechanical properties of the NR composite were investigated in term of stress 
behavior, modulus, tensile strength and elongation at break. Figure 2 displays the stress-strain 
curve of the NR composite. It was observed that stress strongly increased at the strain below 
100%. This phenomenon is ascribed to the stiffness of the composite caused by the 
entanglement of rubber molecular chain, impeding the expansion of the samples according to 
the Neo-Hookean theory.15 Beyond the 100% strain, the stress continued to rise until reaching 
the fracture point, indicating the self-reinforcement of the NR composite due to strain-
induced crystallization. Furthermore, overall mechanical properties of the composite are 
summarized in Table 1. It was observed that 10, 100 and 300% moduli are 1.61 MPa, 2.95 
MPa, 4.17 MPa, respectively. It has to be noticed that the modulus of rubber refers to its 
elastic modulus, which is a measure of a material's stiffness in response to an applied force.17 
In addition, the NR composite enhanced tensile strength and elongation at break up to 7.06 
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MPa and 678%, respectively, which indicating the strength and flexibility of the composite 
under tension.  

 

 
Figure 2. 

Stress (black line) and relative resistance, Rrel (red line) as a function of strain together with 
the GF values of the NR composite. 

 
Table 1. Mechanical properties from tensile testing of the NR composite. 

Properties Values 
10% modulus (MPa) 1.61±0.14 
100% modulus (MPa) 2.95±0.18 
300% modulus (MPa) 4.17±0.24 
Tensile strength (MPa) 7.06±0.96 
Elongation at break (%) 678.37±17.87 

 
Electrical properties 
 The relative resistance-strain curve between 0% and 678% strain of NR composites as 
shown in Figure 2 (red line). As expected, the Rrel of the NR composites increased upon 
strain. This is due to a larger distance between the conductive fillers occurred during the 
stretching leading to a decrease of the electron transport in the NR composite.18 Moreover, 
the GF values was calculated from the slope of the plot of Rrel changes of the NR composite. 
It was found that the GF values can be investigated into four linear regions including, 0–
200% (GF=8.25), 200–350% (GF=28.61), 350–500% (GF=67.27) and 500–678% 
(GF=134.53). A higher GF corresponds to a more significant change in resistance under a 
specific strain, which indicating the excellent sensitivity of the composite.1 
Piezoresistive properties 
 The NR composite was studied the effect of different sensor shape on the 
piezoresistive properties of the NR composite during the motion of tendon-based actuator. 
Figure 3 showed the variation in Rrel during the motion of the actuator of the NR composite 
sensors during the 150 cycles. It is clearly seen that the electrical signal can be detected 
during the motion of the NR composite sensors. For both small and large rectangle shapes 
observed unwanted signal is called as noise signal, which interferes with the original 
electrical signal of the composites. In addition, piezoresistive behavior of the NR composites 
were evaluated by certain factors i.e., difference of relative resistance (∆Rrel) and drift of 
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electrical signal as illustrated in Figure 4. Table 2 summarizes the piezoresistive properties 
including, the initial resistance (R0), the ∆Rrel and the drift of signal at higher (top) and lower 
(bottom) signal of the NR composites. It is observed that R0 related to the shape of NR 
composite sensors, as large-rectangle, small-rectangle and U-shaped showed the R0 of 1.02, 
3.59 and 4.76 k, respectively. This is due to the resistance depends on the length and the 
cross-section area of the sensor, following Ohm’s Law. It has to be noticed that the electrical 
resistance of an object quantifies its resistance to the flow of electric current. A lower 
resistance indicates the ease with which an electrical current can pass through a given object.1 
Therefore, the larger area (length x width) of large-rectangle sensor facilitated the easy path 
of electrical current, leading to a lower R0 than the other two sensors. Conversely, the U-
shaped sensor showed the highest R0 due to its higher distance between the electrodes (total 
length = 30+7+30 mm) than the small-rectangle sensor with the length of 30 mm at the same 
width (2.5 mm). 
 In addition, the sensitivity of the NR composite sensors was examined as the 
difference of relative resistance (∆Rrel) which can be calculated by the difference of Rrel at 
maximum and minimum in each peak as summarized in Table 2. It was observed that the 
large-rectangle and U-shaped sensors exhibited higher ∆Rrel than that small-rectangle sensor. 
A higher ∆Rrel indicates the better sensitivity caused by a larger change in resistance during 
the motion of the actuator. This changes well correlated with the area of deformation of the 
sensors. Furthermore, to study the sensing behavior in long-term performance, the electrical 
signal drift was calculated as the percentage difference of the resistance value at maximum 
(or minimum) of Rrel peak between 3-150 cycles of the NR composites as summarized in 
Table 2. It was found that the large-rectangle sensor observed the highest drift of signal in 
both top and bottom signals following by U-shaped and small-rectangle sensors, respectively. 
This is well correlated with the area of sensors, a larger area leading to the temporary 
deformation of the sensors caused by the breaking of filler-filler networks in NR composites 
after many consequent cycles.18  
 According to the piezoresistive properties of the NR composite sensors with different 
shapes, the U-shaped sensor demonstrated superior sensing performance, which ability to 
detect without noise signal, with high ∆Rrel and low signal drift after 150 cycles. Therefore, 
the U-shaped sensor was selected to further study the effect of sensor dimension on 
piezoresistive behavior of the NR composite sensors. 
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Figure 3. 

The variation in Rrel during the motion of the actuator of the NR composites with different 
sensor shapes during the 150 cycles and zoom of the variation, Small-Rectangle (a-b), Large-

Rectangle (c-d) and U-shaped (e-f). 
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Figure 4. 

Definition of difference resistance (∆Rrel) signal (a) and drift behavior (b) in a dynamic 
cycling test. 

 
Table 2 The initial resistance (R0), ∆Rrel and the drift of signal at higher and lower signal of 
NR composites. 

Composites with 
different shapes R0 (k) ∆Rrel Drift of signal (%) (3-150 cycles) 

top signal bottom signal 
Small-Rectangle 3.59 0.330.01 8.93 43.15 
Large-Rectangle 1.02 0.410.02 43.17 69.02 

U-shaped 4.76 0.400.02 22.64 43.81 
 
 The piezoresistive behavior of the NR composite sensors with different length 
including, 20, 30 and 40 mm were investigated. Figure 5 showed the variation in Rrel during 
the motion of the actuator of the NR composite sensors with different length during the 150 
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cycles. It was observed that the U-shaped sensor, with the length of 20 mm, could not detect 
the electrical signal due to glue failure during the motion. This limitation stemmed from its 
insufficient length on the actuator, as illustrated in Figure 5(b). In addition, the 40 mm of U-
shaped sensor showed irregularities in the top signal, as depicted in Figure 5(e). Furthermore, 
piezoresistive properties of the sensors with different length in term of R0, ∆Rrel and the drift 
of signal were summarized in Table 3. It was found that the R0 of the sensors increased with 
the length of the sensors, attributed to the larger distance between the electrodes.18 
Additionally, the 30 mm of U-shaped sensor demonstrated a higher ∆Rrel which refers the 
better sensitivity of the sensor than that U-shaped sensor with 40 mm. For the signal drift in 
both the top and bottom signals shows no significant difference between the 30 mm and 40 
mm U-shaped sensors. As results, it can be concluded that the piezoresistive behavior of the 
NR composite sensors attached on the actuator depends on the shapes and dimensions of the 
sensors. 
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Figure 5. 

The variation in Rrel during the motion of the actuator of the NR composites with different 
length of U-shaped sensors during the 150 cycles and zoom of the variation, 20 mm (a-b), 30 

mm (c-d) and 40 mm (e-f). 
 
Table 3 The initial resistance, ∆Rrel and the drift of signal at higher and lower signal of latex-
NR composites. 

Composites R0 (k) ∆Rrel Drift of signal (%) (3-150 cycles) 
top signal bottom signal 

20 mm 1.82 - - - 
30 mm 4.76 0.400.02 22.64 43.81 
40 mm 5.84 0.250.04 22.98 42.13 
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Conclusion:  
 The flexible sensors based on NR composites were successfully prepared and 
investigated. It is observed that the NR composites demonstrated the excellent sensitivity 
which indicated by the superior GF under a specific strain. Additionally, the NR composite 
sensors were affixed to the actuator and successfully detected electrical signal. The 
piezoresistive behavior of the NR composite sensors are contingent on their shape and 
dimensions. In conclusion, it can be summarized that the NR composite sensor with a U-
shaped design and a length of 30 mm exhibited the most optimal performance for the present 
actuator. 
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ธิดาสิริ  ภัทรากาญจน

แนวทางการออกแบบคลินิกทันตกรรม
ธิดาสิริ  ภัทรากาญจน

ภาควิชาสถาปตยกรรมศาสตร คณะสถาปตยกรรมศาสตร จุฬาลงกรณมหาวิทยาลัย

Tidasiri.B@chula.ac.th

บทคัดยอ

คลนิกิทนัตกรรมมีเกณฑและขอจาํกัดในการออกแบบท่ีแตกตางจากอาคารประเภทอ่ืนรายละเอียดพ้ืนทีใ่ชสอย มลีกัษณะ

เฉพาะตัวตางจากคลินิกแพทยทั่วไป บทความนี้นําเสนอบทวิเคราะหแนวทางการจัดวางผังพื้นเพื่อใชเปนคลินิกปฏิบัติ

การเรียนการสอนในคณะทันตแพทยศาสตร โดยทําการศึกษาและวิเคราะหเปรียบเทียบคลินิกทันตกรรมของคณะทันต

แพทยศาสตร จุฬาลงกรณมหาวิทยาลัย 3 กรณีศึกษา ที่เปนทั้งการปรับปรุงคลินิกปฏิบัติการทันตกรรมเดิม และการ

จดัทาํคลนิกิใหมเพิม่เตมิขึน้ในพืน้ทีอ่าคารเดมิเพือ่วเิคราะหขอดขีอเสียของการจดัผงัพืน้ การจดัยนูติทาํฟนและหองเครือ่ง

มือตางๆ ที่จําเปนตอการทํางานดานทันตกรรมและการปฏิบัติการทําฟนแสดงใหเห็นถึงปญหาและอุปสรรคของการ

จดัการพืน้ทีใ่ชสอย ทีส่ามารถประยกุตใชในการเรยีนการสอนการออกแบบสถาปตยกรรมประเภทเดยีวกนัไดในอนาคต

คําสําคัญ:  การออกแบบคลินิกทันตกรรม  แนวทางการออกแบบ  สถาปตยกรรม

Dental Clinic Design Guidelines
Tidasiri  Bhatrakarrn

Department of Architecture, Faculty of Architecture, Chulalongkorn University

Tidasiri.B@chula.ac.th

Abstract

Criteria and constraints for the design of dental clinic are distinctively unique from other building types. This 

paper is a study of spatial requirements and planning criteria for the design of 3 teaching clinics in the Faculty 

of Dentistry, Chulalongkorn University. The projects’ space planning and functional distribution are comparatively 

studied, thereby revealing design criteria and constraints unique to dental clinics that can be applied to similar 

design projects and design studios in the future.

Keywords: design of dental clinic, design guidelines, architecture
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บทนํา
 

การออกแบบสถาปตยกรรม เกีย่วของกับการจัดวางพ้ืนที่

ใชสอยตามการใชงานของอาคารแตละประเภท ที่มี  

ความสาํคัญเทากบัความสวยงามของรปูทรงอาคาร  การ

ออกแบบคลินิกทันตกรรมมีเกณฑและขอจํากัดแตกตาง

จากอาคารประเภทอื่นๆ รายละเอียดดานพื้นที่ใชสอยใน

การปฏบิตังิานทางทนัตกรรมมลีกัษณะเฉพาะตวัตางจาก

คลินิกแพทยทั่วไป การศึกษาความตองการของผูใชเปน

สิ่งจําเปนและใชเวลาในการทําความเขาใจขอมูลความ

ตองการดานการใชสอยที่มีอยางละเอียดซับซอน ทําให

สถาปนิกและวิศวกรที่มีสวนรวมในการออกแบบคลินิก

ทนัตกรรมตองวเิคราะหและจดัการพ้ืนทีใ่ชสอยใหไดตาม

ความตองการทีเ่ฉพาะเจาะจง เชนขัน้ตอน ระเบยีบวธิแีละ

ระบบการทํางาน เสนทางสัญจรของคนและเคร่ืองมือ

อุปกรณชิ้นเล็กชิ้นนอย การจัดเก็บและจัดเตรียมเคร่ือง

มือ องคประกอบและวิธีการปฏิบัติการทางทันตกรรมที่ 

มีลักษณะพิเศษและมีรายละเอียดมากรวมทั้งระบบ

วิศวกรรมทั้งเครื่องกลและสุขาภิบาลที่มีความซับซอน 

สถาปนิกและวิศวกรตองพยายามปรับแบบและจัดวางผัง

ใหตรงกบัความตองการเหลานัน้ โดยเฉพาะคลนิกิในคณะ

ทันตแพทยศาสตร นับเปนสถานท่ีปฏิบัติการเรียนการ

สอนที่ตองจัดเตรียมทุกอุปกรณอยางเปนระบบ แตละ

คลินิกยังมีความพิเศษเฉพาะแตกตางกันในรายละเอียด

อ่ืนๆ ทําใหสถาปนิกและวิศวกรตองเขาไปทําการศึกษา

และทําความเขาใจวิธีการปฏิบัติงานและขั้นตอนอยาง

รอบคอบและลึกซึ้ง

 

วตัถปุระสงคของบทความนี ้ตองการนาํเสนอบทวเิคราะห

แนวทางการจัดวางผังพืน้เพ่ือใชเปนคลินกิปฏิบตักิารการ

เรียนการสอนในคณะทันตแพทยศาสตรที่มีลักษณะการ

จัดพื้นที่ใชสอยตางจากคลินิกทันตกรรมของเอกชน 

เน่ืองจากมีความตองการดานพื้นที่ในการติดตั้งยูนิต

ทําฟนเปนจํานวนมาก ทําใหการจัดวางผังหองตางๆ ที่

เปนองคประกอบรวมในการปฏิบัติการทางดานทันต

กรรม มคีวามสําคญัสอดคลองกบัปรมิาณยนูติท่ีมากกวา

คลินิกทันตกรรมของเอกชนทั่วไป การพิจารณาแนวทาง

การจัดวางผังพ้ืน และสดัสวนของพ้ืนท่ีใชสอยท่ีเหมาะสม 

นบัวามคีวามสาํคญัตอการใชสอยพืน้ที ่และมผีลตอความ

สะดวกสบายของคนไขและทันตแพทยในการปฏิบัติงาน

ควรเขาถึงงาย สะดวกตอการเรียนการสอนดานทันต

กรรม ท้ังนี้ไมรวมถึงบรรยากาศการตกแตงภายในหรือ

รายละเอยีดเฟอรนเิจอร การใชแสงสวางและอืน่ๆ ทีม่ผีล

ตอรปูแบบการรับรูและการใชสอยพืน้ทีภ่ายในคลินกิทนัต

กรรมดวยเชนกัน

 

ในบทความนีใ้หแนวคดิและเกณฑในการออกแบบคลนิกิ 

โดยทําการศึกษาและวิเคราะหเปรียบเทียบโครงการ

ปรับปรุงคลินิกทันตกรรมของคณะทันตแพทยศาสตร 

จุฬาลงกรณมหาวิทยาลัย 3 กรณีศึกษา ท่ีเปนท้ังการ

ปรบัปรุงคลนิกิปฏบัิตกิารทนัตกรรมเดมิและจดัทาํคลนิิก

ใหมเพิ่มเติมในพื้นที่อาคารเดิมเพื่อวิเคราะหขอดีขอเสีย

ของการจัดผังพื้น การจัดยูนิตทําฟนและหองอุปกรณ

เคร่ืองมือตางๆ ท่ีจาํเปนตอการทํางานทางดานทันตกรรม

และปฏบิตักิารทําฟน แสดงใหเหน็ถึงปญหาและอปุสรรค

ของการจัดการพ้ืนท่ีใชสอยท่ีสามารถนํา ไปประยุกตใช

ในการเรียนการสอนการออกแบบสถาปตยกรรมประเภท

เดียวกันไดตอไป

เกณฑในการออกแบบคลินิกทันตกรรม
 

โดยทัว่ไปการออกแบบสถาปตยกรรมข้ันตอนแรกเปนขัน้

วางแผนแนวทางการออกแบบและขั้นตอนการจัดทํา

โปรแกรมการออกแบบ (programming phase) ใชเปน

ขั้นตอนใหคําปรึกษาและขอขอมูลสําหรับการออกแบบ

“Design is a funny word. Some people think design means how it looks. But of 

course, if you dig deeper, it’s really how it works.”

 -Steve Jobs
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ของโครงการจากเจาของโครงการ เพ่ือทําการสรุปความ

ตองการขั้นตนของเจาของโครงการในการขอรับขอมูล

วัตถุประสงคและความตองการของเจาของโครงการหรือ

ผูที่เก่ียวของขอมูลที่จําเปนตอการออกแบบข้ันตน ไดแก

1. ขนาดสถานท่ีตั้งและรูปรางของโครงการหรืออาคาร

ที่จะทําการกอสรางหรือปรับปรุง

2. งบประมาณที่ไดตั้งไว

3. รูปแบบหรือสไตลที่ชอบเปนพิเศษ ทั้งการตกแตง

ภายในและรูปทรงภายนอก

4. ความตองการดานพืน้ทีใ่ชสอย (area requirements)

หรือประโยชนใชสอยที่ตองการจากพ้ืนที่นั้น

5. ความตองการดานผูใชสอย (user requirements) 

จํานวนผูใชสอยในอาคารนั้น โดยเฉพาะเจาหนาที่

ประจาํ ลาํดบัขัน้การปฏบิตังิานทีม่ผีลตอขนาดความ

ตองการหองทํางานตางๆ

6. ขอจํากัดตางๆ ในงานออกแบบ (ถามี) เชน กรณี

ปรับปรุงอาคาร คํานึงถึงสภาพอาคารเดิม

7. รายละเอยีดวสัดหุรอืโทนสีใดทีช่ื่นชอบเปนพเิศษและ

ตองการใหมีในงานออกแบบ (ถามี)

 

การออกแบบคลินิกทันตกรรม มีหลักเกณฑและราย

ละเอียดความตองการที่สําคัญเบื้องตน 2 ประเด็นหลัก

คอื ความตองการดานพ้ืนทีใ่ชสอยกับดานผูใชอาคาร โดย

มีรายละเอียดดังนี้

ความตองการดานพื้นที่ใชสอยคลินิกทันตกรรมสวน

ใหญ แยกเปน 3 โซนหลักคือ (1) สวนตอนรับและพัก

รอ (reception and waiting zone) (2) สวนตรวจรกัษา/

หองทําฟน (treatment zone—dental unit) และ (3) 

สวนสนับสนุน (supporting zone) พจิารณาจากผูใชสอย

คลินิกโดยแบงเปน 3 กลุมหลักคือ (1) คนไข (2) 

ทันตแพทย และ (3) ผูชวยทันตแพทยและเจาหนาที่

 

สวนคลินิกทันตกรรมในมหาวิทยาลัยของรัฐ มีความ

ตองการดานพืน้ท่ีใชสอยเหมอืนกบัคลนิกิทนัตกรรมท่ัวไป 

แตกตางกันที่แตละคลินิกตองการติดตั้งยูนิตทําฟนเปน

จาํนวนมาก มผีลตอขนาดพ้ืนทีใ่ชสอยและเสนทางสัญจร

ตองเขาถึงไดทุกยูนิต การจัดเสนทางสัญจรตองเปน

ระเบียบมีแบบแผน หรือเปนแถวเปนแนวชัดเจน  เพราะ

ทุกยูนิตตองเขาถึงไดสะดวก มองเห็นไดงาย ท้ังจาก

อาจารยผูควบคมุคลนิกิ สามารถเขาไปตรวจงานของนสิติ

ทนัตแพทยการจดัวางผงัพืน้มกัเปนแบบเปด (open plan) 

โดยทําเปนฉากกั้นสูง 1.20-1.50 เมตร ไมกั้นเปนหอง

แยก ยกเวนคลนิกิทีป่ฏิบตักิารเรยีนการสอนในรปูแบบท่ี

มคีนไขพเิศษเทานัน้ ท่ีตองจดัวางผงัพืน้แบบปด (closed 

plan) พื้นที่สวนกลางท่ีเปนหองจัดเตรียมเครื่องมือและ

อุปกรณ (supply) หองลางเครื่องมือ หองเอกซเรย ตอง

สามารถเขาถึงไดงายจากทุกยูนิต การสัญจรสะดวก

ปลอดภัย สวนเครื่องมือสกปรกและสวนสะอาดตองแยก

กนัตามมาตรฐานสดัสวนและขนาดพืน้ทีใ่ชสอยแตละโซน

ตองสอดคลองกนัอยางพอเหมาะกบัการใชงาน พจิารณา

จากจํานวนยูนิตที่ตองการเปนหลัก รวมท้ังเสนทางการ

เขาออกและการหนีไฟตองสะดวกและปลอดภัย

  

โซน (1)สวนตอนรับและพักรอ ตองพิจารณาจํานวน

คนไขที่จะเขามารับการตรวจรักษา สอดคลองกบัจํานวน

ยูนิตทําฟนของคลินิกนั้นๆ ควรมีเคานเตอรและท่ีน่ัง

สําหรับเจาหนาท่ีตอนรับ เพื่อใหบริการติดตอสอบถาม 

เกบ็บันทกึประวตั ิทาํการนดัหมายคนไข จายยา และเกบ็

เงินคารักษา มักมีหองทํางานเจาหนาท่ี จัดเก็บเอกสาร 

ภาพที่ 1:   การจัดพื้นท่ีแยกโซนหลักตามความตองการดานการใชสอย
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มตีูเกบ็เวชระเบยีน บตัรคนไขและยาบางสวน เคานเตอร

ตอนรับนี้สามารถติดตอกับหองทําฟนของทันตแพทยได 

หรอืใชระบบอนิเตอรคอม (intercom) บรรยากาศภายใน

สวนพักรอ ควรทําใหรูสึกถึงความสงบ สบายใจ ผอน

คลาย มีมุมอานหนังสือพิมพ นิตยสาร ดูทีวี และหรือมี

เคร่ืองดื่ม มุมกาแฟ นํ้าเปลา ใหบริการระหวางพักรอ 

สวนนี้ควรมีหองนํ้าสําหรับคนไขดวย ขนาดพื้นที่สําหรับ

นั่งพักรอ ใชประมาณคนละ 0.50 x 1.00 เมตรหรือ 

0.50 ตารางเมตรเปนอยางนอย

 

การจัดระบบท่ีนั่งและจัดเรียงเกาอี้พักรอ (seating 

arrangement) มีความสาํคญักับการวางผงัพืน้คลนิกิ ตอง

สามารถใชพื้นท่ีใหเปนประโยชนเต็มที่ แตไมทําใหรูสึก

แออัดจนเกินไป ถามพีืน้ทีเ่พยีงพอไมควรจัดเรยีงแถวแบบ

ในโรงพยาบาล ขนาดพื้นที่ขึ้นอยูกับจํานวนคนไข คนไข

มาทําฟน 1 คน มักมีผูติดตามมาดวยอีก 1-2 คนและ

คํานึงถึงระยะเวลาท่ีใชในการตรวจทําฟนคนไข จํานวน

คนไขตอทันตแพทยหน่ีงคนในหน่ึงชัว่โมง ไมควรจัดทีน่ัง่

พักรอชิดกันเกินไปทําใหคนไขที่ไมรูจักกันตองน่ังติดกัน

บรรยากาศสวนน้ีเปนหนาเปนตาของคลินิก สรางความ

ประทับใจและความไววางใจในบริการของทันตแพทยได

เปนอันดับแรก 

 

โซน (2) สวนตรวจรักษา/หองทําฟนเปนบริเวณ

สําหรับติดต้ังยูนิตทําฟนประกอบดวย เกาอี้ทําฟน  

(dental chair) เกาอี้ทันตแพทย เกาอี้ผูชวยทันตแพทย 

เคานเตอรปฏิบตักิารติดผนงัพรอมชุดตูลอยติดผนงั มโีตะ

ทาํงานของทันตแพทยหรอืเคานเตอรเพ่ือใชในการบนัทึก

ประวัติคนไข เคานเตอรนี้ใชวางเครื่องมือและเตรียม

อุปกรณในการตรวจรักษา ควรมีอางลางมือและลาง

อุปกรณภายในสวนตรวจรักษานี้ดวย

ลักษณะการทํางานของทันตแพทยและผูชวยทันตแพทย

มีรูปแบบและตําแหนงตายตัว สวนใหญเก าอี้ของ

ทันตแพทยอยูดานขวามือ ผูชวยทันตแพทยอยูดานซาย

มือของคนไขการจัดผังพื้นในสวนนี้ควรเขาใจเสนทาง

สัญจร และพิจารณาตําแหนงการจัดวางเก าอี้ของ

ทนัตแพทยเปนหลัก ทศิทางการเดินเขาถึงยนูติทําฟนของ

คนไข การออกแบบวางผังพืน้สวนตรวจรักษา ตองศึกษา

ขนาดและระยะของยูนติทาํฟนจากบริษทัผูผลติโดยตรงท่ี

มรีายละเอยีดแตกตางกนัไปบางเลก็นอยขึน้อยูกบับรษิทั

ผูผลิตและรุนท่ีผลิตแตมีขนาดมาตรฐานตามสัดสวนของ

มนุษยและไดรับการออกแบบใหรองรับสรีระของคนไข

โดยท่ัวไปไดดี โดยแตละยูนิตมีขนาดความตองการดาน

พื้นที่เฉพาะตัว และมีระยะนอยที่สุดสําหรับการปฏิบัติ

งานทันตกรรมที่สะดวกดังภาพที่ 2 แตในการออกแบบ

สวนตรวจรกัษานีค้วรพจิารณาพืน้ใชสอยทีพ่อเหมาะหลกี

เลี่ยงการใชระยะและขนาดท่ีนอยท่ีสุดในการจัดวางผัง

ยูนิตทําฟน เพราะในการปฏิบัติงานจริงตองการความ

สะดวกสบายและคลองตัว โดยเฉพาะกรณีที่มีอาจารย

เขาไปตรวจผลงานการทําฟนของนิสิตดวย ทําใหตองใช

พื้นท่ีมากกวาขนาดที่กําหนดไววานอยท่ีสุดดังภาพที่ 3

ภาพที่ 2: ตัวอยางขนาดยูนิตทําฟนและระยะพ้ืนท่ีใชสอย (หนวยเปนมิลลิเมตร)
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โซน (3) สวนสนับสนุนและเจาหนาท่ีนับวาเปนสวน

สําคัญของคลินิกทันตกรรม และเปนสวนท่ีมีการจัดวาง

ผงัพ้ืนยุงยากและละเอยีดซบัซอน การจดัวางตาํแหนงหอง

เหลานี้มีผลตอประสิทธิภาพในการปฏิบัติงาน และการ

ทําฟนในแตละยูนิต รวมทั้งการจัดเรียงอุปกรณ เครื่อง

ลางอบฆาเชื้อการจัดเก็บและจัดเตรียมเคร่ืองมือ มีขั้น

ตอนเปนระบบชัดเจน และตองถูกสุขอนามัยสวน

สนับสนุนไดแก หองลางเครื่องมือ (sterilization room) 

หองเตรียมและเก็บเคร่ืองมืออุปกรณทําฟน (supply 

room) ตูอบฆาเชื้อเครื่องมือ (autoclave) หองเอกซเรย 

หองพักทันตแพทยและผูชวยทันตแพทย (staff lounge) 

หองน้ํา หองเก็บของ บางคลินิกตองการหองปฏิบัติการ 

(lab) โดยทั่วไปนิยมสงไปหองปฏิบัติการภายนอก 

(Malkin, 2002)

 

สวนน้ียงัรวมถึงหองเคร่ืองตางๆ (mechanical equipment 

room) คือ เครื่องปมลม เครื่องปมนํ้า ระบบสุญญากาศ 

(vacuum) เคร่ืองอัดอากาศความดันสูง (compressed 

air) ขนาดของหองเครื่อง ขึ้นกับจํานวนยูนิตทําฟน ถามี

จํานวนมาก ขนาดเครื่องตางๆ ตองใหญขึ้นและตองการ

พื้นท่ีจัดเก็บเคร่ืองขนาดใหญ อีกทั้งตองคํานึงถึงเสียง

รบกวนจากเคร่ืองเหลานี้ดวย

 

หองลางเคร่ืองมือเปนสวนท่ีมีความสําคัญมากอีกสวน

หนึง่ในคลนิกิทนัตกรรม มรีายละเอยีดขัน้ตอนการทาํงาน

และการจดัผงัพืน้หองลางเครือ่งมอืและเตรยีมอปุกรณโดย

ท่ัวไปดังภาพที่ 4 หองลางเครื่องมือน้ีตองการเครื่องมือ

เรียงตามลําดับดังนี้ ถาดใสอุปกรณและเครื่องมือทําฟน

ที่สกปรก ถังขยะแยกขยะติดเช้ือและขยะเปยกแหง อาง

หรือซิงคนํ้าแชเครื่องมือทําฟนเปนสองหลุม อีกหลุมเพื่อ

ลางเคร่ืองมือเคร่ืองลางอุปกรณ เครื่องอบฆาเชื้อ หรือ 

เครื่องลางแบบdry heat sterilizer พรอมท่ีดูดควันเหนือ

ตู ลําดับสุดทายคือตูเก็บอุปกรณที่ฆาเชื้อแลว(Design 

Ergonomics, Inc., 2011: online)

ภาพท่ี 3:  การจัดผังพื้นสวนตรวจรักษา/ หองทําฟน(หนวยเปนเมตร)

ภาพที่ 4: ลําดับขั้นตอนปฏิบัติการลางและเตรียมเคร่ืองมือ 
(ที่มา:Design Ergonomics, Inc., 2011: online)

หรือ
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อุปกรณลางเคร่ืองมือทําฟนเหลาน้ี มีขนาดไมใหญ

สามารถวางไวบนเคานเตอรขนาดมาตรฐานความยาว

โดยเฉลี่ยประมาณ 2.50-3.00 เมตร ความกวาง 0.60 

เมตรก็เพียงพอ ไมจําเปนตองต้ังเคร่ืองมือเรียงกันเปน

เสนตรง เพียงใหสามารถปฏิบัติงานไดอยางตอเนื่อง จะ

จัดวนตามเข็มนาฬกาหรือทวนเข็มนาฬกาก็ไดไมสําคัญ 

ใหปฏิบติังานไดเรยีงตามลาํดบัทีค่วรจะเปนไดโดยสะดวก

เทาน้ัน

 

วิธีการจัดเก็บเคร่ืองมือทําฟน ควรมองเห็นได (visible) 

เขาถึงได (accessible) และจัดเปนระบบระเบียบ 

(organized) เพราะเคร่ืองมือทําฟนชิ้นเล็กช้ินนอย ชวย

เพิ่มประสิทธิภาพในการปฏิบัติงานทันตกรรม (Design 

Ergonomics, Inc., 2011: online)

หองเอกซเรย ควรตรวจสอบรูปแบบ ขนาดและระยะของ

เครือ่งเอกซเรยทีจ่ะใชในคลนิกินัน้กอนการวางผงัพืน้ และ

ระบุรุนใหเฉพาะเจาะจงลงไป หองเอกซเรยมักจัดใหมี

ขนาดเล็กท่ีสุด เพื่อใหมีพื้นท่ีใชสอยสวนอ่ืนเพียงพอตอ

ความตองการ เครื่องมือเอกซเรยมีรูปแบบแตกตางกัน 

ทัง้แบบเคล่ือนท่ีได แบบติดผนัง แบบมีเกาอ้ีนัง่ตดิมากับ

ชุดเอกซเรยและมีทั้งแบบฟลมและดิจิทัล  ตําแหนงในผัง

พื้นควรไมไกลจากยูนิตทําฟนแตละหองจนเกินไป การ

ออกแบบตองระมดัระวังเรือ่งการปองกนัรงัส ี โดยเฉพาะ

ผนังควรปองกนัรงัสีไดตามมาตรฐาน    โดยกรแุผนตะก่ัว

หนาอยางนอย 2 มม. และเลือกใชวัสดุผนังเปนแบบกอ

อฐิมอญไมใชผนังเบาหรืออฐิมวลเบาท่ีไมสามารถปองกัน

รงัสไีด การเอกซเรยฟนเปนการฉายรงัสีเฉพาะจดุ ดงันัน้

ใหปองกันรังสีที่ผนังไดก็พอ

รายละเอียดความตองการดานผูใชสอย สําหรับคลินิก

ทันตกรรมทั่วไป ประกอบดวยบุคคล 3 กลุมเปนอยาง

นอยคอื กลุมคนไข ทนัตแพทย และผูชวยทันตแพทย แต

ในคลินิกทันตกรรมท่ีปฏิบัติการในมหาวิทยาลัย สวนท่ี

เปนทันตแพทย คือ อาจารยทันตแพทยผูควบคุมคลินิก

และนิสิตทันตแพทย ทําใหตองมีพื้นที่นั่งพักและโตะ

ทํางานของอาจารยผูดูแลการปฏิบัติงานในคลินิกแตละ

ครั้งดวย เสนทางการเขาถึงพื้นท่ีแตละสวนตองพิจารณา

ใหผูใชสอยเหลานี้สามารถมองเห็นอยางท่ัวถึงและเขาไป

ใชสอยไดโดยสะดวก

ภาพที่ 5: แนวทางการจัดผังพื้นหองลางเครื่องมือและเตรียมอุปกรณ
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ภาพท่ี 6: ตัวอยางบรรยากาศในหองลางและเตรียมอุปกรณ
ทําฟน (ที่มา:Design Ergonomics, Inc., 2011: online)

กรณีศึกษา: คลินิกทันตกรรม
 

คลินิกทันตกรรม คณะทันตแพทยศาสตร จุฬาลงกรณ

มหาวิทยาลัยไดนํามาวิเคราะห 3 ตัวอยาง และศึกษา

เปรียบเทียบการจัดผังพื้นขอดีขอเสีย การจัดยูนิตทําฟน

และหองเคร่ืองมือตางๆ ที่จําเปนตอการปฏิบัติงานดาน

ทันตกรรม โดยมีรายละเอียดดังน้ี 

กรณีศึกษา 1:  คลินิกบริการทันตกรรมพิเศษช้ัน 1 

อาคารทันตรักษวิจัย

 

ภาพที่ 7: ผังพื้นคลินิกบริการทันตกรรมพิเศษ ชั้น1 อาคารทันตรักษวิจัย

ภาพท่ี 8: แบบแผนการจัดโชน (zoning) ภาพที่ 9: ผังพื้นหองทําฟน (หนวยเปนเมตร)
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บทวิเคราะหของกรณีศึกษาท่ี 1

1. การจัดผังพื้น

ขอดี ผังพื้นแบงโซนเปนสัดสวนชัดเจน เขาถึงงาย 

คลินิกอยูชั้นลาง ทําใหมีบริเวณโดยรอบและ

สวนตนไม ชวยใหดูโปรงโลงมากข้ึนและ

ระบายอากาศดี

สวนพักรอ เขาถึงไดโดยงาย เห็นวิวภายนอก 

ท้ังสองดาน ดานหนึ่งเปนสวนหยอม ชวยให

บรรยากาศผอนคลาย

ขอเสีย สัดสวนพื้นที่พักรอและตอนรับนอยไป เมื่อ

เทียบกับจํานวนหองตรวจ 18 หอง ทําใหมี

คนไขมานั่งรอหนาแนนไมสะดวกสบาย

2. เสนทางสัญจรหลักและรอง

ขอดี เสนทางสัญจรตรงไปตรงมาเปนระบบคนไข

ไมหลงทาง มีทางเขาออกหลักและทางรอง

แยกกัน

ขอเสีย ไมมีหองนํา้สาํหรบัคนไข บรเิวณใกลสวนพักรอ

3. การจัดผังยูนิตทําฟน

ขอดี สวนตรวจรักษากัน้เปนหองทาํฟนแยกกนัเปน

สัดสวน มีความเปนสวนตัวดี ขนาดหอง

ทําฟนสะดวกสบาย คลองตัวตอการทําฟน

ขอเสีย หองทําฟนบางหองอยูบริเวณดานใน ไมมี

หนาตาง ไมไดรบัแสงธรรมชาตแิละววิภายนอก 

ทําใหระบายอากาศไมดี 

4. การจัดผังสวนสนับสนุน

ขอดี สวนสนับสนุนแยกไปรวมกันดานใน เปน

สัดสวนไมปะปนกับเสนทางสัญจรของคนไข 

และคนไขไมสามารถเขาไปได ทําใหการ

ปฏิบัติงานของเจาหนาที่และผูชวยสะดวก 

ดูแลความปลอดภัยงาย

ขอเสีย การจดัผังแยกสวนสนับสนนุไวดานใน ตองมี

ทางเขาออกดานหลัง และหองเก็บอุปกรณ

ทําฟนอยูไกลหองทําฟนบางหอง ไมสะดวก

ในการจัดเตรียมรับสงเครื่องมือ

5. การจัดพื้นที่สําหรับงานระบบอาคาร

ขอดี สวนหองเคร่ืองแยกไวเปนอาคารอยูภายนอก

คลินิก ทําใหเสียงไมรบกวนกันและบํารุง

รักษาสะดวก 

ขอเสีย การแยกหองทําฟน เปนแบบปด ทําใหงาน

ระบบใชรวมกันไมได เชนระบบปรับอากาศ

และระบายอากาศ ระบบไฟฟาแสงสวาง 

เปนตน

 ลักษณะอาคารเดิม มีระยะและระดับพื้นถึง

ทองคานนอย ไมไดออกแบบมาเพือ่เปนหอง

ทาํฟน ท่ีตองเดินทอตางๆ ทัง้ใตพืน้และเหนือ

ฝาเพดาน ทําใหหองดูแคบไป

ภาพที่ 10: ผังพื้นคลินิกรวม ชั้น 3 อาคารทันต 5

กรณีศึกษา 2:  คลินิกรวม  ชั้น 3 อาคารทันต 5
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ภาพท่ี 11: แบบแผนการจัดโชน

ภาพท่ี 12: ผังพื้นหองทําฟน (หนวยเปนเมตร)

2. เสนทางสัญจรหลักและรอง

ขอดี เสนทางสญัจร การจดัความตองการดานพืน้ที่

ใชสอยตางจากคลินิกอื่น เพราะเปนคลินิก

รวม มจีาํนวนยูนติมาก และมีทางเดนิเขา ถึง

ทุกยูนิตไดสะดวก กรณีนิสิตทันตแพทยมี

ปญหาตองการคําปรึกษาจากอาจารย ใน

ระหวางการตรวจรักษาคน ไข แตตองใหยนิูต

มีความเปนสวนตัวดวย

ขอเสีย ทางสัญจรหลักและรองมีบันไดขึน้ทัง้สองขาง 

ทําใหสับสนไดงาย 

3. การจัดผังยูนิตทําฟน

ขอดี การจัดยูนิตทําฟนเปนระเบียบเปนแถว เขา

ออกไดสะดวกและคลนิกิเปนแบบเปด มองเหน็ 

ชัดเจน ระบายอากาศดี ไดรับแสงธรรมชาติ 

และวิว เพราะมีหนาตางถึงสามดาน  

ขอเสีย พืน้ทียู่นติทาํฟนแตละยูนติมีความกวางขวาง

มาก แตไมสามารถปรับใหกระชับลงได 

เนื่องจากอาคารเกา ตองมีการปรับระบบทอ

ใหม ซ่ึงยุงยากเกินไป ถาจะปรับปรุงตอง

ตรวจสอบระบบวิศวกรรมทุกระบบกอน

4. การจัดผังสวนสนับสนุน

ขอดี การจัดผังพื้นใหมีพื้นท่ีสวนกลางเปนสวน

สนับสนุนและสวนพักรอ สามารถแจกจาย

เครือ่งมืออุปกรณไดทัว่ถงึ เสนทางสญัจรหลกั

อยูกลาง ทําใหพื้นที่ภายในยูนิตทําฟนเปน

สัดสวนดี

ขอเสีย สัดสวนพื้นที่สนับสนุนนอยไป เทียบกับ

จํานวนยูนิตทําฟน 

5. การจัดพื้นที่สําหรับงานระบบอาคาร

ขอดี ผังพื้นเปนแบบรวม ประหยัดเรื่องงานระบบ

อาคาร ใชพื้นท่ีหองเครื่องรวมกันได

ขอเสีย พืน้ท่ีใชสอยขนาดใหญและยนูติทาํฟนจาํนวน

มาก ทําใหการดูแลรักษาและตรวจสอบงาน

ระบบยุงยาก ถามีปญหาน้ํารั่วซึม ระบบทอ

ตางๆ ชํารุดจะแกไขยาก

บทวิเคราะหของกรณีศึกษาที่ 2

1. การจัดผังพื้น

ขอดี ผงัพืน้ขนาดพืน้ทีแ่ตละยูนติกวางขวาง สะดวก

และคลองตัวตอการปฏิบัติงานและการเรียน

การสอนทันตกรรม สามารถปรบัเปลีย่นการ

ใชงานพื้นที่ใชสอยไดสะดวก  

ขอเสีย สัดสวนพ้ืนท่ีพักรอมีขนาดเล็ก บรรยากาศ

แออดั อยูในบรเิวณทางสญัจรหลกั ทาํใหแยก

สวนคนไขออกมา จากบริเวณท่ีเปนทางสัญจร 

หลักไดไมดีตองใชพื้นที่บริเวณหนาลิฟตและ

บันได เปนที่นั่งรอ ทําใหเกะกะขวางทาง

 สวนตอนรบัมขีนาดเล็ก ทาํใหคนไขสบัสน หา

ทางไปไมถูก และมีบันไดขื้นลงไดสองทาง  

สวนเคานเตอรตอนรบั-จายเงิน อยูในตาํแหนง 

ไมโดดเดนเทาที่ควร
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กรณีศึกษา3:  คลินิกทันตกรรม  ชั้น 1 อาคารทันต 5

ภาพที่ 13: ผังพื้นคลินิกทันตกรรม ชั้น 1 อาคารทันต 5

ภาพที่ 14: แบบแผนการจัดโชน

ภาพท่ี 15: ผังพื้นหองทําฟน (หนวยเปนเมตร)

บทวิเคราะหของกรณีศึกษาท่ี 3

1. การจัดผังพื้น

ขอด ี ขนาดพ้ืนท่ีพกัรอมีขนาดใหญ ทําใหบรรยากาศ 

ไมแออัด มีมุมกาแฟ ดูผอนคลาย และทําให

แยกสวนคนไขออกมาเปนสัดสวนดี

ขอเสีย มีการก้ันสวนตอนรับและพักรอเพ่ิมเติมใน

พืน้ท่ีบริเวณโถงอเนกประสงคเดมิ ทาํใหพืน้ท่ี

สวนน้ีกีดขวางทางสัญจรหลักของอาคาร

2. เสนทางสัญจรหลักและรอง

ขอดี สถานทีต่ัง้อยูชัน้ลาง ทางเขาออกสะดวก  งาย

ตอการเขาถึงคลินิก  ภายในเปดไดรอบดาน 

ทําใหการระบายอากาศดี

ขอเสีย เสนทางสัญจรสวนบริการกับสวนคนไขซอน

ทับกันสวนสกปรกและสะอาดปะปนกัน

 สถานท่ีตัง้อยูช้ันลาง โดยรอบเปนถนนและที่

จอดรถ ขาดบรรยากาศสีเขียวที่ควรทําให

รูสึกผอนคลายได

3. การจัดผังยูนิตทําฟน

ขอดี การจัดผังพื้นโดยรวม ไดจํานวนยูนิตมาก 

ตามความตอง การของเจาของโครงการ และ

จัดเรียงเปนแถวเปนระเบียบ เขาถึงโดยงาย 

เห็นไดชัดเจน

ขอเสีย ยนูติทําฟนแตละยูนติมพีืน้ท่ีจาํกดั ทาํใหดคูบั

แคบเกนิไป ไมสะดวกตอการปฏบิตังิาน  คอื

มีความกวางเพียง 2.30 เมตร ควรทําให

กวางกวาน้ี เพื่อใหมีระยะเดินไดรอบยูนิต

ทําฟนสะดวก

4. การจัดผังสวนสนับสนุน

ขอดี สวนสนบัสนนุ หองเกบ็เครือ่งมอื ลางอปุกรณ

และหองเคร่ืองตางๆ แยกออกจากคลินิก 

ทําใหไมมีเสียงรบกวน และทําใหไดพื้นที่

สําหรับทําฟนและติดตั้งยูนิตไดตามความ

ตองการ เพราะไมตองเสียพื้นท่ีใชสอยใหกับ

สวนสนับสนุนและหองเครื่อง
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ขอเสีย สวนสนับสนุน มีพื้นที่ไมเพียงพอ หองเครื่อง 

ปมลม ปมนํ้า สุญญากาศ อยูไกลเกินไป 

ทาํใหระบบทาํงานไมเต็มประสทิธภิาพเทาที่

ควร ตองไปใชรวมกับหองเตรียมเคร่ืองมือ

ของเดมิ และไมมีหองเอกชเรย ตองไปใชหอง

เอกซเรยที่ชั้นสองของอาคารนี้

5. การจัดพื้นท่ีสําหรับงานระบบอาคาร

ขอดี บรรยากาศภายในคลินิก แยกโซนชัดเจน 

เปนระเบียบ ดูแลรักษาความสะอาดงาย

ขอเสีย ลักษณะอาคารเดิม มีระยะและระดับพื้นถึง

ทองคานนอยไป เพราะเปนการทํายูนิตเพ่ิม

เติมในพื้นท่ีโถงอเนกประสงค ทําใหตอง

ยกพื้นจากพื้นเดิม ประมาณ 30 เซนติเมตร

เปนอยางนอย เพื่อเดินทอตางๆ

ตารางที่ 1: แสดงบทวิเคราะหเปรียบเทียบกรณีศึกษา

กรณีศึกษา 1:  กรณีศึกษา 2:  กรณีศึกษา 3:  

ชื่อคลินิก คลินิกบริการทันตกรรมพิเศษ คลินิกรวม  คลินิกทันตกรรม  

สถานที่ตั้ง  ชั้น 1 อาคารทันตรักษวิจัย ชั้น 3 อาคารทันต 5 ชั้น 1 อาคารทันต 5

ปท่ี

กอสราง(ปรับปรุง)  

พ.ศ. 2555

(อยูระหวางปรับปรุง)

พ.ศ. 2553 พ.ศ. 2552

จํานวน

ยูนิตทําฟน  

18 ยูนิต 40 ยูนิต เพ่ิมเติม 10 ยูนิต

(เดิมมี 30 ยูนิต) 

18 ยูนิต

พื้นท่ีรวม 550 ตารางเมตร 600 ตารางเมตร 450 ตารางเมตร

สวนตอนรับ

-พักรอ

100 ตารางเมตร

18% ของพื้นที่ทั้งหมด

(รวมพ้ืนที่โถงตอนรับ-พักรอ)

100 ตารางเมตร

17% ของพื้นที่ทั้งหมด

(รวมพ้ืนที่โถงตอนรับ-พักรอ)

200 ตารางเมตร

45% ของพื้นที่ทั้งหมด

(รวมพ้ืนที่โถงตอนรับ-พักรอ)

สวนตรวจรักษา/

ยูนิตทําฟน

Treatment area

300 ตารางเมตร

55% ของพื้นท่ีทั้งหมด

รวมพื้นที่ทางสัญจร

400 ตารางเมตร

67% ของพ้ืนที่ทั้งหมด

รวมพ้ืนที่ทางสัญจร

220 ตารางเมตร

48% ของพื้นที่ทั้งหมด

รวมพื้นที่ทางสัญจร

สวนสนับสนุน 150 ตารางเมตร

27% ของพื้นที่ทั้งหมด

—หองเก็บเคร่ืองมือ 120 ตรม.

—หองเครื่อง 30 ตรม.

100 ตารางเมตร

16% ของพื้นที่ทั้งหมด

รวมพื้นที่ทางสัญจร

30 ตารางเมตร

7% ของพื้นที่ทั้งหมด

—หองเก็บเครื่องมือ 15 ตรม.

—หองเคร่ือง 15 ตรม.ไวกับ

หองเคร่ืองเดิมดานหลังอาคาร

ทันต 5
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ขอควรพิจารณาในการออกแบบผังพื้น
คลินิกทันตกรรม

1. ดานพื้นที่ใชสอย ควรพิจารณาสัดสวนของพื้นที่

ใชสอยในแตละสวน ใหสามารถรองรบัการใชงานท้ัง

คลนิกิไดอยางมปีระสทิธภิาพ ไมควรคาํนงึถึงจาํนวน

ยูนิตทําฟนที่ตองการใชงานเพียงอยางเดียวการจัด

โซนพ้ืนท่ีสวนตางๆ ควรสอดคลองกบัการใชงาน ถา

มีทางเขาออก 2 ทาง ใหจัดเปนเสนตรงจากโซน 1 

ไปโซน 2-3  ตามลําดับ ดังภาพท่ี 16 ถามีทางเขา

ทางเดยีว ใหโซน 1 และโซน 3 ใกลทางเขาออก สวน

โซน2 ใหอยูดานใน ทําใหสวนบริการตองเดินผาน

สวนพักรอของคนไข ดังภาพที่ 17 หรือแยกสวน

สนับสนุนเชนหองลาง เตรียมจัดเก็บเคร่ืองมือไวใน

หลายๆ จุด ดังภาพที่ 18

2. ดานสถานทีต่ัง้ กรณีปรบัปรงุและตอเตมิคลนิกิเดมิ 

ควรพิจารณาระยะและระดับอาคารเดิมวาเพียงพอ

ตอการจดัวางระบบทอตางๆ ทีเ่กีย่วของ มรีะบบการ

ระบายอากาศที่ดี ดูแลรักษาสะดวก ถาเปนการ

ออกแบบอาคารใหม ควรศึกษาระดับและระยะของ

หองเครื่อง ระบบทอตางๆ ที่จําเปนตองติดตั้งกับ

ยูนิตทําฟนแตละรุ นหรือยี่หอ โดยตรวจสอบกับ

บรษิทัผูผลติ โดยเฉพาะตําแหนงของทอทีต่องขึน้จาก

พื้นทั้ง 4 ทอ ตองใหตรงกันกับรุนเกาอี้ทําฟนดวย

3. ดานเสนทางสัญจรของผูใชคลินิก (user flow and 

workflow) เสนทางสัญจรหลัก การเขาออก ระบบ

และเสนทางหนีไฟตองชัดเจน สวนสนับสนุน สวน

บริการและเจาหนาทีค่วรแยกเสนทางสัญจรกบัคนไข

ใหเปนสัดสวน ไมปะปนกันถาทาํไดหรือมีพ้ืนท่ีเพียง

พอใหแยกทางเขาออก

ปญหาและอุปสรรคในการออกแบบ
คลินิกทันตกรรม

ปญหาและอุปสรรคเบื้องตน สําหรับในการพิจารณาเพ่ือ

การออกแบบอาคารประเภทที่เกี่ยวกับการบริการดาน

ทันตกรรมโดยเฉพาะสําหรับโครงการปรับปรุงคลินิก 

ทันตกรรมเดิม และนําไปประยุกตใชในการออกแบบ

สถาปตยกรรมประเภทเดียวกันไดมีรายละเอียดดังน้ี

1. ปญหาดานการเพ่ิมขนาดพื้นที่ใชสอย

- ถาเปนโครงการปรับปรุงคลินิกเดิม  เจาของ

โครงการตองการขยายพ้ืนที่ ใช สอย ควร

พิจารณาระบบโครงสรางอาคารเดิมเปนสําคัญ 

เพราะยูนิตทําฟนตองมีระบบทอตางๆ เดินใต

พื้น ทําใหตองเจาะพื้น เดินทอตางๆ รวมท้ังนํ้า

หนักยูนิต กรณีตอเติมและซอมแซม ระบบทอ

ตางๆ ซอนทับกับระบบทอเดิม อาจเกิดปญหา

น้ํารั่วซึมไดงาย 

- ไมควรกัน้หองและเพิม่จํานวนยูนติ โดยไมมกีาร

เพิม่ขนาดพืน้ทีใ่ชสอยเพราะทาํใหแออดัเกนิไป 

ควรพิจารณาขยายพื้นที่ เดิมและให ส วน

สนบัสนุนตางๆ ขยายตัวตามจํานวนยูนิตท่ีเพิม่

เติม โดยเฉพาะสวนตอนรับ พักรอคนไขและ

หองเก็บเครื่องมือ 

- ปญหาสภาพอาคารเดิมไมเหมาะสมกับการ

ขนาดพ้ืนที่ใชสอย โดยเฉพาะระดับพื้นถึงฝา

เพดานไมเพียงพอ บางครั้งการปรับปรุงคลินิก

ใชวธิยีกพืน้ลอยเพือ่ตดิตัง้ยนิูตทาํฟนบนพืน้เดมิ 

ตองพิจารณาและตรวจสอบระดับฝาเพดานดวย

วามีเพียงพอหรือไม บางกรณีพื้นตองยกสูงขึ้น

จากพื้นเดิมอยางนอย 30 เซนติเมตร เพื่อใหมี

ระดับและระยะความลาดชันของทอใตพื้น

เหมาะสมตามมาตรฐานวิชาชาง

- ถาเปนโครงการกอสรางคลินิกใหม ขนาดหอง

ทาํฟนมมีาตรฐานเฉพาะแนนอน ตองพจิารณา

ใหเหมาะสมกับจาํนวนยูนิตทีต่องการวางในผัง

พื้นอาคารนั้น

2. ปญหาดานการเพ่ิมจํานวนยูนิตทําฟน

- ขนาดพ้ืนท่ีใชสอยเดิม ไมเพียงพอตอการขยาย

ตวั และไมสามารถตดิตัง้ยูนิตทาํฟนเพิม่เติมได 

แตเจา ของคลินิกมักมีความตองการใหเพิ่ม

จาํนวนยูนติใหไดมากท่ีสดุ โดยไมไดเพิม่ขนาด

พื้นท่ีใชสอย 
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ภาพที่ 17: แนวทางและวิธีการจัดโชนและผังพ้ืนคลินิกแบบทางเขาออกทางเดียว

ภาพที่ 18: แนวทางและวิธีการจัดโชนและผังพื้นคลินิกแบบทางเขาออกทางเดียว แยกสวนสนับสนุนหลายจุด

ภาพที่ 16: แนวทางและวิธีการจัดโชนและผังพ้ืนคลินิกแบบทางเขาออกหลายทาง

- ขอมูลดานขนาดยูนิตทําฟนและระบบทอตางๆ 

ทีจํ่าเปนกบัยนูติ มมีาตรฐานแตกตางกนั ขึน้อยู

กับบริษัทผู ผลิต ผู ออกแบบและวิศวกรท่ี

เกี่ยวข องทุกระบบ ควรไดข อมูลเหลานี้ที่

แนนอนชัดเจน เพราะตองออกแบบใหขนาด

และระยะพอเหมาะกับยูนิตที่มาติดตั้ง 

3. ปญหาดานการออกแบบเสนทางสญัจร (circulation)

- ไมไดคํานึงถึงขนาดและระยะทางเดินภายใน

อาคาร รวมทัง้ทางลาดและบนัได ทีไ่ดมาตรฐาน 

ตามขอบัญญัติควบคุมอาคารสาธารณะ เชน 

ทางเดินตองกวางอยางนอย 1.50 เมตร โดย

ไมมีสิ่งกีดขวาง ทางลาดตองมีความลาดชัน   

ไมนอยกวา 1:12 เปนตน
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แนวทางการออกแบบคลินิกทันตกรรม

- ความยุงยากในการจัดระบบเสนทางสัญจรท่ีตรง

ไปตรงมา เปนระเบียบ รวมท้ังการพิจารณา

เรื่องเสนทางหนีไฟท่ีเปนระบบและเห็นได

ชดัเจน พรอมปายตางๆ กาํกบัทกุบรเิวณสาํคญั

- ดานเสนทางหนีไฟ มักมีอุปกรณเคร่ืองมือวาง

ขวางทางหนีไฟเพราะงานดานทันตกรรมมักมี

ของใชและอุปกรณจํานวนมากทําใหใมมีพื้นที่

จดัเก็บเพียงพอ บางคร้ังวางเคร่ืองมือและตูเกบ็

อปุกรณ ตามเสนทางสัญจรหลัก ทาํใหทางเดิน

แคบกวามาตรฐานตามขอบัญญัติควบคุม

อาคาร บางคร้ังเปนเพราะระบบการจัดเก็บ

อุปกรณไมไดออกแบบใหมีพื้นที่เพียงพอ

- ปญหาดานเสนทางสัญจรท่ีมักไมสะดวก ทาง

เขาออกไมชัดเจน ไมมีการแยกเสนทางของ

เคร่ืองมือและอุปกรณสกปรกกับการจัดเก็บ

เครื่องมือสะอาด เพราะเคร่ืองมือทันตแพทย

เปนอุปกรณเล็กชิ้นนอย มักวางอยูในโซน

เดียวกัน ไมถูกตองตามหลักสุขอนามัย โดยไม

ไดกั้นหองแยกกัน

- ปญหาดานทางสัญจรคนพิการ ไมไดพิจารณา

ระยะและขนาด รวมท้ังรายละเอียดท่ีควรและ

ขนาดยูนิตทําฟนที่ทําใหคนไขนั่งรถเข็นเขาไป

ใชสอยพ้ืนที่ไดสะดวก (ไตรรัตนและคณะ, 

2552)

4. ปญหาดานรูปแบบหรือสไตลอาคารและการ

ตกแตงภายใน

- ดานรปูแบบคลนิกิ เจาของโครงการมกัตองการ

ความแปลกใหม แตตองสามารถปฏิบัติงานได

แบบเดิม

- ด านรายละเอียดของรูปแบบการจัดวาง

เฟอรนิเจอร ตูลิ้นชัก การจัดเก็บอุปกรณที่ตอง

ใสใจและตองไดรับขอมูลและศึกษาทําความ

เขาใจ เพราะมีผลตอการปฏิบัติงานและเพิ่ม

ประสทิธภิาพในการทาํงานของทนัตแพทยและ

ผูชวย

- ปญหาเรือ่งความหลากหลายของการจดัวางและ

ติดตั้งอางลางมือบนเคานเตอรตองสอบถาม

จากผู  ใช คลินิก ทั้งทันตแพทยและผู ช วย

ทนัตแพทยมคีวามแตกตางกนัทัง้ความชอบและ

ความเคยชิน ลกัษณะและรูปแบบอางลางมือวา

เปนสแตนเลสหรืออางเซรามิกชอบแบบฝง

เหนือเคานเตอรหรือใตเคานเตอรและจํานวน

ลิ้นชักที่ตองการ เปนตน

- การจัดวางผังพื้นไมไดพิจารณาทิศทางแดดลม

เทาที่ควรทําใหการระบายอากาศไมได เพราะ

หองทําฟนมักเปนพื้นท่ีอับชื้นและมีน้ําร่ัวซึมได

ตลอดเวลา 

5. ปญหาดานการเลือกใชวัสดุกอสราง (materials) 

และตกแตงภายใน 

- ตองศึกษาและทําความเขาใจขอจาํกดัการเลือก

ใชสีและชนิดของวัสดุปดผิว ท้ังพื้น ผนัง ฝา

เพดาน และเฟอรนิเจอรตางๆ เพือ่ใหเหมาะสม

กบัการปฏิบตังิานในพืน้ท่ีท่ีมสีารเคมหีรอืมกีาร

ใชงานมาก

- ปญหาในการเลือกวัสดุพื้นผิวตางๆ ที่ตองไมมี

รอยตอมาก ไมมีลวดลายเลอะเทอะ ทําความ

สะอาดงาย เชน วัสดุปูพื้นควรเปนช้ินเดียวกัน

ตลอดแนว ลวดลายพ้ืนเรียบ ควรหลีกเล่ียง   

พื้นหินขัดที่มีลวดลายสีเทาปนขวาดํา เพราะ

อุปกรณทาํฟนชิน้เลก็ เชน หวักรอ ตกพืน้จะหา

ยาก ผิวพื้นควรมีลักษณะนุม เดินไมมีเสียงดัง

รบกวนและไมลื่น เพราะอาจมีน้ําหกกระเด็น

เลอะเทอะ เปนอันตรายตอคนไขและผูใชสอย

อาคารได แตตองทนทานตอการใชงานดวย 

- การเลือกใชวัสดุ ท่ีดูแลรักษาความสะอาด

เรยีบรอยของพ้ืนทีภ่ายในคลินกิไดโดยงาย ไมมี

ซอกมมุ ตองพจิารณาถึงความสะอาดเรียบรอย

ของเครื่องมือและตัวอาคารทั้งภายในและ

ภายนอกเปนสําคัญ

6. ปญหาดานงานระบบวิศวกรรมและหองเครื่อง 

(engineering systems / mechanical room)

- การออกแบบคลินิกทันตกรรม เก่ียวของกับ

ระบบวศิวกรรมทกุระบบ ไดแก ระบบวศิวกรรม

เครื่องกล ระบบปรับอากาศและระบายอากาศ 

ระบบสุขาภิบาล ระบบไฟฟาแสงสวาง ระบบ

ส่ือสาร และระบบวิศวกรรมโครงสราง เปนตน 
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โดยมีรายละเอียดเฉพาะทางดานทันตกรรมที่

ตองศึกษาและทําความเขาใจอยางมาก บางคร้ัง

เจาของโครงการหรือผู รับผิดชอบคลินิกเอง    

ยังขาดความรูและความเขาใจในงานระบบ

วิศวกรรมตางๆ ที่ควรคํานึงถึงในการออกแบบ

คลินิกเชนกัน 

- ระบบเคร่ืองกลตางๆ เชนเครื่องปมลม เคร่ือง

อดัอากาศความดนัสงู ระบบสญุญากาศรวมทัง้

ระบบปรับอากาศและระบายอากาศ เปนสวน

สาํคัญอกีสวนหนึง่ของการออกแบบคลนิกิทนัต

กรรมควรตรวจสอบขนาดและระยะเครื่อง 

ความสามารถของเคร่ืองกลตางๆ ตอจํานวน

ยูนิตทําฟนที่ใช แนวการเดินระบบทอตางๆ 

ระยะหางของหองเครือ่งไปถงึยนูติทาํฟน มีสวน

ในการวางผังพื้นเชนกัน รวมทั้งขอจํากัดของ

อุปกรณระบบเคร่ืองกลเหลานั้น 

- ระบบสุขาภบิาล เชน ทอนํา้ เครือ่งปมนํา้เครือ่ง

กรองนํ้า การแยกระบบบําบัดนํ้าเสียกับระบบ

ทอนํ้าประปา ปญหาเรื่องนํ้ารั่วซึมเปนปญหาที่

พบเจอบอย ตองสามารถเขาไปดูแลแกไขได  

โดยงาย

- ระบบโครงสราง ในกรณีปรับปรุงพื้นที่คลินิก

เดมิควรตรวจสอบวาสามารถรองรบัการตอเตมิ

และปรับเปล่ียนไดหรือไม พิจารณาน้ําหนัก

ยูนิตทําฟน รวมทั้งอุปกรณทันตกรรมบางชิ้น 

จําเปนตองมีเนื้อที่ใตพี้นอาจตองเจาะพื้นเพื่อ

เดนิทอตางๆ ในกรณีทีไ่มมรีะยะใตพืน้เพียงพอ 

ควรพิจารณายกพื้นสูงขึ้นจากพื้นเดิม แตตอง

ดูแลระบบทอตางๆ ใหเปนระเบียบ โดยคํานึง

ถงึระดบัและระยะความลาดชนัของทอตางๆ ให

ถูกตองตามมาตรฐานวิชาชาง และระบบ

โครงสรางของพื้นยกควรรองรับนํ้าหนักของ

ยูนิตทําฟนไดเปนอยางมั่นคงแข็งแรง

7. ปญหาดานการบํารุงรักษา (maintenance)

- การบํารุงรักษาระยะสั้นและระยะยาวควร

ออกแบบจัดวางระบบทอตางๆ ใหผูเช่ียวชาญ

เขาไปดูแล ตรวจสอบและแกไขในภายหลังได

โดยสะดวก

- ระบบการจดัการดานการใชยนูติทาํฟน  ควรให

นิสิต 1 คนตอ 1 ยูนิตรับผิดชอบยูนิตตนเอง

ตลอดการศึกษา โดยท่ัวไปใหนิสติหมุนเวยีนไป

ตามคลินิกตางๆ แลวแตรายวิชาในหลักสูตร 

ทาํใหตองการจาํนวนยนิูตมากตามจํานวนนสิติ 

และขาดการดูแลรักษาท่ีมีประสิทธิภาพเทา    

ที่ควร เม่ือมีจํานวนนิสิตเพิ่ม จํานวนยูนิตใน   

ทุกคลินิกจะตองเพิ่มข้ึน พื้นท่ีอาคารเดิมก็ไม

เพียงพอ

- ปญหาเร่ืองการจัดการและแบบแผนการบํารุง

รักษาพื้นที่สวนตางๆ ภายในคลินิก ที่จะมีผล

ตอการจัดวางผังพื้นคลินิก

ขอเสนอแนะ:  เกณฑและขอจํากัด
ในการออกแบบ

1. ขอจาํกดัเรือ่งอาคารและสถานทีต่ัง้ ถาเปนโครงการ

ปรับปรุงพื้นท่ีเดิม หรือสรางเพิ่มเติมในพื้นท่ีอาคาร

ที่มีการใชงานอยางอ่ืนมากอน ไมไดเปนพ้ืนท่ีท่ีจัด

เตรียมไวเพื่อเปนหองทําฟน ตองพิจารณาระยะและ

ระดบัทีเ่หมาะสมกับการปฏบิตังิานและไดมาตรฐาน

ตามหลักวิชาชาง

2. การออกแบบคลินิกทันตกรรม ตองประสานงานกับ

วิศวกรและชางเทคนิคทางทันตกรรมอยางใกลชิด 

ใสใจในรายละเอียดมากกวางานออกแบบอาคารประ

เภทอ่ืนๆ ทําใหดูเหมือนงานออกแบบลาชา เพราะ

ตองใชเวลา คนควาหาขอมลูเรือ่งงานระบบทีเ่หมาะ

กับยูนิตทําฟนแตละรุนและย่ีหอ โดยสัมพันธกับ

ขนาดพ้ืนทีใ่ชสอยทีจ่าํกดัและจาํนวนยูนติทีส่ามารถ

จัดวางในผังพื้นอันจํากัดได

3. ความตองการยูนิตทําฟนเพิ่มข้ึนเรื่อยๆ เปนปญหา

ดานการจัดการการเรียนการสอน ไมควรพยายาม

ทําเพ่ิมเติมจากพ้ืนท่ีเดิม เพราะจะไดหองท่ีคับแคบ 

ไมเหมาะกับการปฏิบัติงานและการทําฟน ควร  

หลีกเลี่ยงการจัดพื้นท่ีทําฟนโดยใชขนาดที่เล็กที่สุด 

ตองใหพื้นที่ใชงานมีขนาดกวางเพียงพอ เพื่อความ   

คลองตัว

4. กรณีงานปรับปรุงคลินิกเดิม ปญหาดานงานระบบ

วิศวกรรม ระบบการเดินทอนํา้ประปา ทอระบายน้ํา
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แนวทางการออกแบบคลินิกทันตกรรม

เสยีระบบทอปมลม ระบบสญุญากาศ ทอเครือ่งปรบั

อากาศแตละระบบตองการระดบัและระยะความลาด

เอียงของทอทีเ่หมาะสมตามมาตรฐานงานชาง ทาํให

ระดบัภายในหองทาํฟนท่ีมอียู ไมเพียงพอตอการเดนิ

ทอตางๆ หรือไมไดตามมาตรฐานที่ควรจะเปน 

สถาปนิกและวิศวกรตองช้ืแจงและทําความเขาใจถึง

ขอดีขอเสียเหลานั้นกับเจาของพื้นที่ใหชัดเจนกอน

ดําเนินการ

5. การบํารุงรักษาพื้นที่และอุปกรณเครื่องมือตางๆ  

งานระบบเครือ่งกลและระบบสขุาภบิาลตองสามารถ

เขาไปดแูลเปนประจาํ ทัง้แบบรายเดือนและรายปได

โดยสะดวกและไมมีสิ่งกีดขวาง

บทสรุป

คลินิกทันตกรรมเปนอาคารประเภทเนนการใชสอยเปน

หลัก ในการออกแบบตองพิจารณาเร่ืองการจัดวางผังพื้น 

โดยการจัดแบงโซนพ้ืนท่ีใชสอยมีความสําคัญเปนอันดับ

แรก เกณฑและแนวทางเบ้ืองตน ใหเนนลาํดบัการใชสอย

ใหถูกตองตามการใชงานในแตละสวนโดยจัดพ้ืนท่ีสวน

สนับสนุน เชน หองเก็บและลางเคร่ืองมือไวในตําแหนง

สวนกลางของพื้นที่ใชสอยทั้งหมดสะดวกตอการเขาถึง

จากหองทําฟนทุกหองและมีระยะใกลเคียงกันใหมากท่ีสดุ 

เพื่อใหประสิทธิภาพในการปฏิบัติงานของยูนิตทําฟนทุก

ยูนิตมีเทากัน คํานึงถึงเสนทางสัญจรของคนและเคร่ือง

มือเปนสัดสวน เปนระบบระเบียบชัดเจนตรงไปตรงมา 

 

พื้นที่ใชสอยภายในคลินิกทันตกรรมทั้ง3โซนคือ สวน

ตอนรับ-พักรอ สวนตรวจรักษา-ทําฟน และสวน

สนับสนุน หองลาง-เก็บเครื่องมือ ตองมีสัดสวนที่เหมาะ

สมกนั จากการศึกษาเปรียบเทยีบคลนิกิทนัตกรรม คณะ

ทันตแพทยศาสตร ท้ัง 3 กรณีศึกษาน้ัน สรุปไดวา พื้นที่

สวนที ่1 ตอนรบัพกัรอ ควรมอียางนอย 20-30 เปอรเช็นต 

สวนที่ 2 ตรวจรักษา-ทําฟน 50-60 เปอรเช็นต และ

สวนสนับสนุนทั้งหมด 20 เปอรเช็นตของพื้นที่ใชสอย 

รวมทั้งหมด รวมพื้นที่เสนทางสัญจรและทางเดินแลว    

ขอสรุปนี้เปนเพียงภายใตเงื่อนไขของกรณีศึกษาทั้ง     

สามที่เปนคลินิกของจุฬาลงกรณมหาวิทยาลัยที่เปน

มหาวทิยาลยัของรฐั และเปนพืน้ทีป่รบัปรงุจากคลนิกิเดมิ 

มขีอจาํกดัเฉพาะ ถามีการสอบถามหรือสมัภาษณผูใชสอย

คลินิกและสํารวจพื้นท่ีของคลินิกอื่นๆ เพิ่มเติมอีก ทําให

มีขอมูลสนับสนุนหรือมีประเด็นหลากหลายมากกวานี้

 

แนวทางการออกแบบคลินิกทันตกรรมโดยทั่วไปแลว 

สถาปนิกและวิศวกรท่ีเกี่ยวของควรเขาใจความตองการ 

รายละเอียดการปฏิบัติงานดานทันตกรรมรับฟงคําช้ีแจง

เหตุผลใหชัดเจน ใสใจและเอาใจใสทุกความคิดเห็น คัด

กรองขอมูลจํานวนมาก งานระบบวิศวกรรมไมบกพรอง 

ประสานงานผูเกี่ยวของในสายงานอยางมีประสิทธิภาพ 

ดําเนินการไมใหลาชา ปรับแบบและแกไขผลงานตาม

ความเหมาะสม ใหมีการใชสอยพื้นที่ไดถูกตองตามหลัก

การปฏิบัติงานทันตกรรม พรอมตกแตงใหบรรยากาศมี

ความสวยงาม สะอาดตาทั้งภายในและภายนอก
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Abstract:  

The goal of this study is to create an experimental setup for determining the apparent 
magnitude of stars and to investigate the relationship between apparent magnitude, brightness, and 
distance. A light bulb, a light intensity sensor, an aluminum rail with a scale, and an Arduino Uno 
R3 board comprise the experimental set. In the experiment, we measured the brightness and 
apparent magnitude of the light bulb from 10 centimeters away from the sensor. The light bulb was 
then moved backward in ten-centimeter increments until it reached 80 centimeters. The experiment 
was repeated four times, and the collected data was used to create graphical representations of the 
correlations between brightness and distance, apparent magnitude and distance, and apparent 
magnitude and brightness. The results of the experiment revealed that the star's brightness decreases 
with distance. The result has an error value of 7.10 percent relative to the theory, but the apparent 
magnitude value increases. Compared to the theory, the result has a 7.20 percent error rate. And, as 
predicted by theory, the apparent magnitude increases as brightness decreases. 

 
Introduction:  

The study of astronomy is a fundamental principle that science students must fully 
comprehend. Learning about astronomy focuses on the study of celestial phenomena and the 
interaction between life on Earth and the stars [1]. Therefore, astronomy education is a priority for a 
number of nations. In 2008, Thailand also established the Basic Education Curriculum, which 
mandates that all students study the evolution of the solar system, stars, galaxies, universe, space 
technology, etc [2]. Nevertheless, the field of astronomy continues to face numerous challenges in 
the realm of education. Due to the abstract nature of the content. Moreover, the system in question 
is of considerable magnitude. Studying astronomy necessitates the utilization of considerable 
imaginative faculties among students. Previous studies have revealed that a considerable number of 
students possess misconceptions regarding the field of astronomy [3-5]. From teaching astronomy 
and space at the undergraduate level, it has been determined that students struggle to comprehend 
the relationship between stellar distance and magnitude, including confusion between the apparent 
and absolute magnitudes of celestial objects. Students continue to struggle with comprehending the 
relationship between variables in Logarithmic equations. As a result, students perceive magnitude 
numbers to be tough and are disinclined to study them. Hipparchus, a Greek astronomer, 
established the apparent magnitude scale between 190 and 120 B.C. by classifying stars according 
to their brightness as observed from Earth. He used a 1 to 6 scale to compare the brightness of stars, 
with 1 being the brightest and 6 being barely visible to the naked eye. In the year 1856, Pogson N. 
[6] established the system by precisely delineating a star of first magnitude as being 100 times more 
radiant than an average star of sixth magnitude. In the realm of physics, it is observed that the 
equivalence between a difference of five 'magnitudes' and a brightness ratio of 100 can be 
expressed mathematically as 1 2( )

2 1 2.512 m mB B −=  or  ( )2 1 2 1m m   2.5log B / B− = − . As per the 
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findings of Agrawal [7], students frequently encounter a state of perplexity when attempting to 
establish a correlation between two distinct equations documented in the literature. 
 Creating an apparatus that illustrates the relationship between brightness (B), magnitude 
(m), and distance (r) is one method for facilitating students' understanding of magnitude. So that 
students can observe relationships with their own eyes rather than relying solely on their 
imaginations or the words of their teachers. Therefore, practical experiments play a crucial role in 
enhancing students' comprehension of lesson content. In order to enhance students' observational 
skills, it is crucial to gather information through a systematic and scientific process. In addition, 
they can think analytically and solve problems, resulting in the creation of new knowledge [2]. This 
is consistent with Tobin's [8] explanation that organizing science experiment activities and 
conducting experiments is a way for students to learn and comprehend more theoretical content, as 
well as generate new knowledge. As a result, the researcher is interested in designing an experiment 
to measure the apparent magnitude of stars and comparing the relationship between brightness, 
magnitude, and distance observed in the experiment to that predicted by theory. 

 
Methodology:  

The research method for this study consists of two parts: the method for creating an 
experimental set and the method for conducting experiments. The specifics are provided 
below. 
 
Methodology for building experimental set 
1) Construct an aluminum rail measuring 3 centimeters in width and 1 meter in length, and attach a 
distance scale strip. 
2) The 3D printing of two 5x5 centimeter rail support bases. 
3) Creating a base for the light bulb, with dimensions of 4 centimeters in width and 6 centimeters in 
height. 
4) Creating a base for attaching a brightness sensor, width 4 centimeters, height 11.5 centimeters. 
5) Creating a 12-by-12-by-6-centimeter control box for the Arduino Uno board's microcontroller, 
LCD, and on/off switch. 
6) The circuit is enclosed within the container by establishing connections between the wires of the 
LED bulbs and the Dimmer switch, as well as connecting the jumper wires of the sensors and LCD. 

Processing segment Display segment

 
 

Figure 1. 
The equipment used to create the experimental set. 
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7) The components depicted in Figure 1 are integrated and assembled to create an overall 
experimental configuration of apparent magnitudes. 
8 )  Formulating a series of algorithms to govern the Arduino board to regulate the Sensor's 
capacity to quantify the luminosity emitted by the light bulb. The LCD screen will exhibit the 
luminosity value and the magnitude value. 

 

Instruction for student 
1) Plugging in and turning on the switch to light the bulb. 
2 ) Repositioning the lightbulb 10 centimeters from the sensor. On the LCD screen, note the 
brightness (B) and apparent magnitude (m) values. 
3) Moving the bulb away in 10-centimeter increments and measuring the brightness. The 
magnitude value is displayed on the LCD screen up to 80 centimeters away. 
4) Repeating the experiment four times. 
5) Plotting the relationship between brightness (B) and distance (r) using the data acquired. 
6) Utilizing the acquired data, we construct a graphical representation illustrating the correlation 
between the apparent magnitude (m) and the distance (r) of the light bulb. 
7) Utilizing the acquired data, a semi-logarithmic graph is constructed to illustrate the correlation 
between apparent magnitude (m) and distance (r). 
8) Utilizing the data at hand, an analysis is conducted to graphically represent the correlation 
between apparent magnitude (m) and brightness (B). 
9) Utilizing the acquired data, the relationship between apparent magnitude (m) and brightness 
(B) can be graphically represented on a semi-logarithmic scale. 
10) Analyzing the data depicted on the graph to ascertain the correlation between apparent 
magnitude, luminosity, and distance in space. 

 
Results and Discussion:  
 

 
Figure 2. 

 The experiment set for apparent magnitude measurement. 
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The experimental setup for measuring apparent magnitude comprises several components, 
including an Arduino Uno R3 board, a light brightness sensor, a light bulb, an LCD screen, and a rail 
with a scale. By providing a specific representation of the light bulb to symbolize the luminosity of the 
star. The aforementioned components are affixed to a scale rail, which possesses the capability to 
modify the distance of the bulb as required. The BH1750 FVI sensor is utilized to quantify the 
luminosity emitted by the light bulb. The collected data is subsequently transmitted to the Arduino 
board for processing, wherein the sensor's recorded brightness is computed to determine the apparent 
magnitude (m). Finally, the obtained data is relayed to the LCD screen for display. Two values will be 
shown on the LCD screen: Brightness and apparent magnitude. The device displays readings at 
regular intervals of 5 seconds. 
 
Results of brightness vs distance 

The results of analyzing the relationship between the luminosity and distance of stars 
in the experimental set are presented in Table 1. As shown in Figure 3, when the data were 
used to plot a graph between brightness and distance, it was an exponential curve graph. On a 
log-log graph, the relationship between brightness and distance was plotted as a straight line, 
as shown in Figure 4. 
 
Table 1 Relationship between the brightness and distance of stars from the experimental set. 
 

 
 

 
Distance (cm)  Brightness (lx) 

 

 
1 2 3 4 5 

10 799 799 799 799 799 799 

15 380 380 380 380 380 380 

20 223 223 223 223 223 223 

25 146 146 146 146 146 146 

30 106 106 106 106 106 106 

35 80 80 80 80 80 80 

40 63 63 63 63 63 63 

50 40 40 40 40 40 40 

60 29 29 29 29 29 29 

70 23 23 23 23 23 23 

80 16 16 16 16 16 16 
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Figure 3. 

Relationship between Brightness and distance. 
 

 
Figure 4. 

 Relationship between Brightness vs distance on a log-log graph. 
 

As indicated by the graph of the relationship between Brightness and Distance from 
the experiment set, the star's brightness decreases as the distance increases. The equation of 

1.857/ 4=B L r  is consistent with a theoretical correlation of 2/ 4B L r= . The power 
numbers of r obtained from this experiment were compared to the theoretical equation to 
calculate the error. The power numbers of r observed in this study and the theoretical 
equation are 1.857 and 2, respectively. By calculation, only an error of 7.15 percent could be 
obtained. 
 
Results of the study apparent magnitude vs distance 
 The data presented in Table 2 illustrate the findings obtained from the examination of 
the correlation between the magnitude and distance of stars within the experimental dataset. 
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Subsequently, upon utilizing the data to construct a graphical representation depicting the 
relationship between magnitude and distance, it becomes evident that the resulting plot 
assumes a curved path, as depicted in Figure 5. A linear relationship is observed when 
plotting a graph of magnitude against distance on a semi-logarithmic scale, as depicted in 
Figure 6. 
 
Table 2 Relationship between apparent magnitude and distance. 

 

 
 

Figure 5. 
Relationship between apparent magnitude and distance. 

 

Distance (cm)  Apparent magnitude   
1 2 3 4 5 

10 - 0.75 - 0.75 - 0.75 - 0.75 - 0.75 - 0.75 

15 0.06 0.06 0.06 0.06 0.06 0.06 

20 0.63 0.63 0.63 0.63 0.63 0.63 

25 1.09 1.09 1.09 1.09 1.09 1.09 

30 1.44 1.44 1.44 1.44 1.44 1.44 

35 1.75 1.75 1.75 1.75 1.75 1.75 

40 2.01 2.01 2.01 2.01 2.01 2.01 

50 2.50 2.50 2.50 2.50 2.50 2.50 

60 2.85 2.85 2.85 2.85 2.85 2.85 

70 3.1 3.1 3.1 3.1 3.1 3.1 

80 3.49 3.49 3.49 3.49 3.49 3.49 
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Figure 6. 
Relationship on a semi-log graph between apparent magnitude and distance. 

 
According to the graphical representation depicting the correlation between 

apparent magnitude and distance, it is observed that an increase in distance corresponds 
to an increase in the magnitude value, as indicated by the equation. The equation 

( )2
2 1 2 12.32logm m r r− =  aligns with the principles and concepts of the underlying 

theoretical framework. The error value is 7.20 percent. 
 
Results of apparent magnitude vs brightness 

The data presented in Table 3 illustrate the findings obtained from the examination of 
the correlation between the magnitude and brightness of stars within the experimental dataset. 
Subsequently, upon utilizing the collected data to graph the relationship between magnitude 
and brightness, the resulting plot exhibits a curved pattern, as depicted in Figure 7. A linear 
relationship is observed when plotting a graph between magnitude and brightness on a semi-
logarithmic scale, as depicted in Figure 8. 
 
Table 3 Relationship between apparent magnitude and brightness. 
 

Distance (cm) Brightness (lx) Apparent magnitude 
10 799 - 0.75 
15 380 0.06 
20 223 0.63 
25 146 1.09 
30 106 1.44 
35 80 1.75 
40 63 2.01 
50 40 2.50 
60 29 2.85 
70 23 3.1 
80 16 3.49 

 

370



 
 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

 
Figure 7.  

Relationship between apparent magnitude vs brightness. 

 
Figure 8.  

Relationship between apparent magnitude vs brightness on a semi-log graph. 
 
The graph depicting the correlation between apparent magnitude and brightness reveals that 

an increase in brightness is associated with a decrease in apparent magnitude, as indicated by the 
equation. The equation ( )2 1 2 12.5logm m B B− =  is in accordance with established theoretical 
principles. 

A sequence of experiments on stellar apparent magnitude was conducted, resulting in 
empirical findings regarding the correlation between apparent magnitude values. The 
determination of the distance value in relation to the brightness value is derived from the 
theoretical concept proposed by Pogson N. [6]. This approach is employed due to the 
utilization of a light bulb, which possesses a substantial luminous power despite its relatively 
diminutive size in comparison to the distance from the light sensor. Furthermore, within the 
measurement command code, the calibration of light intensity is performed in order to 
account for any potential interference caused by ambient light present in the environment. 
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The experimental findings align with the research conducted by Agrawal [7], which posits 
that incandescent lamps serve as effective generators of electromagnetic energy emissions. 
Consequently, students can utilize these lamps to explore the concept of apparent magnitude 
through both theoretical and experimental approaches.  

 
Conclusion:  

The star apparent magnitude experiment kit comprises an Arduino Uno R3 board, a 
light sensor, an LED light bulb, an LCD screen, and an aluminum rail with a scale. The 
simultaneous display of brightness and apparent magnitude values can be achieved. 
According to experimental observations, it has been determined that the luminosity of a star 
diminishes as the distance between the observer and the star increases. The theory exhibited 
an error value of 7.15 percent. The observed magnitude value should exhibit an 
augmentation. The error for the magnitude value of 7.20 percent can be determined. As the 
luminosity diminishes, the corresponding apparent magnitude exhibits an upward trend, in 
accordance with established theoretical principles.  
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Abstract— Recent years have witnessed an increased focus on advancing the utilization of 
photonic crystals (PCs) within the realm of detection. The potential of employing these 
materials as gas sensors is very compact. This study aims to investigate a resonant microsystem 
predicated on one-dimensional photonic crystals. Such microsystems hold potential for 
applications like high-quality optical devices tailored for the precise detection, and 
quantification of airborne gas concentrations. Specifically, we introduce an adapted gas 
monitoring architecture, a nano-system composed of alternating layers of silicon dioxide (SiO2) 
and air, housing a resonant nanocavity of gases at its core. Computational simulations 
demonstrate that the emergence of a resonance peak within the Photonic Band Gap (PBG) 
stems from the formation of the nano-cavity within the periodic 1D arrangement. The 
experimental results of this model found that the resonance peak is a viable reference for real-
time detection, and the refractive index of each test gas in this work affects the resonance peak 
of the shifted slight wavelength. Furthermore, our experiment is a comprehensive theoretical 
assessment of these photonic systems, probing the impact of the intrinsic and extrinsic 
parameters of the model on detection performance. The intrinsic and extrinsic parameters such 
as the thickness layer, refractive index, number of periodic layers, and electromagnetic wave 
must be appropriate. 
 
Introduction: 
Photonic crystals (PCs) are synthetic materials constructed using periodic arrangements of 
dielectric or metallic building units. The presence of photonic band gaps (PBGs) has introduced 
an unparalleled ability to manage and control the propagation of electromagnetic (EM) waves 
[1–3]. The most basic manifestation of a photonic crystal takes the form of a one-dimensional 
periodic structure, referred to as a Bragg mirror. Comprising alternating layers with high and 
low refractive indices, its layer thicknesses adhere to the Bragg condition: nhdh = nldl = λ/4, 
where λ denotes the reference wavelength [4]. Unlike the complexities of two- and three-
dimensional counterparts, the appeal of the one-dimensional photonic crystal lies in its practical 
fabrication across a range of wavelengths. One crucial function of a PBG is to function as an 
exceedingly effective reflective mirror (exceeding 99%). Thus, a strategy for achieving more 
adaptable band gap configurations might involve expanding the width of the PBGs. In recent 
times, multiple research endeavors have centered on the application of photonic crystals in the 
field of sensors [5–7]. The potential of utilizing photonic crystals as gas sensors holds great 
promise within research domains, attributed to their compactness. This study will unveil the 
viability of a one-dimensional (1D) photonic crystal, comprised of alternating layers of silicon 
(SiO2) and air, featuring an empty "defect" layer at its core. This structure demonstrates the 
capacity to operate as an optical sensor for gauging gas concentrations in the atmosphere, 
particularly when illuminated by incident light in a perpendicular manner. 
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Methodology: 
The transfer matrix method [8] holds significant significance when dealing with an arbitrary 
number of dielectric layers, allowing for the simulation of various light behaviors such as 
reflectivity, absorption, and transmission. In the context of this method, let's consider an 
electromagnetic plane wave λ that is incident perpendicularly upon a vertical arrangement of 
dielectric materials. These dielectric layers possess distinct thicknesses (dj), refractive indices 
(nj), and angles of incidence (θj). The interaction of the incident light results in both reflected 
and transmitted components, depicted in Figure 1. As this light traverses the layers, its behavior 
can be accurately described by the transfer matrix, represented by equation (4). Additionally, 
the phase difference (Z) between interface fields 'a' and 'b' is quantified in equation (5). 
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Equation (4) encapsulates the essence of the transfer matrix technique, providing a quantitative 
framework for evaluating the interactions between light and the dielectric layers. This equation 
takes into account a range of factors including layer thicknesses and refractive indices, enabling 
the prediction of light distribution and modification as it traverses the layered structure. 
 

 jjjdn cos2=           (5) 
 
Furthermore, equation (5) introduces the concept of phase difference () between interface 
fields 'a' and 'b', shedding light on the phase relationships that arise from the interaction of light 
with diverse dielectric layers. This phase difference contributes to phenomena like interference, 
influencing the overarching optical behavior observed within the system. Where R is 
reflectance, T is transmittance, and A is absorptance. 
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The refractive index of materials: 
The fundamental dielectric materials for the optical sensor in this work are the nonlinear 
refractive indices. They have complex equations. However, scientists have attempted to search 
and discover some complex equations of dielectric materials. We have to choose some known 
complex equations of dielectric materials. The housing sensor is silicon dioxide, which the 
complex equation of Malitson [9] shown in equation (9).  
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The oxygen, carbon dioxide, and ammonia are test gases to simulate and create the sensor 
model. The Refractive Index Info website has determined the constant parameters of the 
refractive index functions, which are the standard functions. 
 
1D photonic crystal model: 
The prototype of a 1D photonic crystal model shows a structure in Fig1. The periodic stack 
structure of a high (H) and low(L) refractive index is type H(LH)J, J with J keeping the value J 
= 7, and it consists of silicon dioxide (SiO2) and Air (O2) layers [14] related to refractive indices, 
respectively. For this work, the improved photonic structure is J = 3, and the changed silicon 
layer to the silicon dioxide (SiO2) layer shows the new model in Figure 1. The calculated 
thickness of silicon dioxide and the air was found with Bragg condition: nhdh = nldl = λ/4, where 
l reference wavelength [4]. The considering wavelength will find each thickness layer from the 
types of desired test gas with this model. The three types of test gas are Air, Carbon dioxide 
(CO2), and Ammonia (NH3). In this paper, the air is the default to calculate the thickness layers. 
All materials in this work are nonlinear refractive indices due to changed wavelength. The 
public refractive index database is on the website, and it shows some equations of the refractive 
index materials. There is a display of equations (1-5) of all materials in this paper. The 
refractive index database of all used substances has more differences in boundary wavelength. 
So, we must choose the middle wavelength that appears together in the boundary wavelength 
of all materials. The central wavelength is about 0.6171 micrometers when the thickness of 
Silicon and Oxygen are 105.85 and 154.24, respectively.  
 

Incidence 
of the wave

Refraction 
of the wave

1

2
85.

10
5

n
nm

O
S i

22
23 .

15
4

n
nm

O

3

2

n
O
Cd

j

1

2
85 .

10
5

n
nm

O
S i 4

2
85 .

10
5

n
nm

O
S i ji n

nm
O
S

85 .
10

5
21

2
23 .

15
4

−j
n

nm
O

a b

 
Figure 1.  

Three periodic of 1D photonic crystal model to simulate the effect gases 
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The other defect layer is the thickest in the middle of the new structure, which is the layer of 
thickness of the cavity shown in Fig1, and has varied the cavity width from dc=154.23N (N 
=,1,2,…,7) to show the effect on the spectrum behavior of such a nanostructure. The EMW 
transmittance shown in Table 1 travels through the photonic crystal for different thicknesses of 
the defect layer. 

Table 1. 
The relation between the defect layer width (nm) and the peak wavelengths (nm) 

O2 5dc 6dc 7dc 8dc 
peak wavelength 525.6 605.5 684.3 757.8 
intensity 0.6862 0.8387 0.9685 0.9946 

Table 2. 
The relation between the test gases and the peak wavelengths (nm) 

 O2 CO2 NH3 
peak wavelength 683.9 685.4 684.3 
intensity 0.9685 0.9674 0.9684 

 

  

  
Figure 2. 

Example of transmittance (red) and reflectance (blue) of oxygen at 5dc (top left), 6dc (top 
right), 7dc (down left), and 8dc (down right). 

 
Results and Discussion:  
In this study, we divided into two calculations of the results, studying the effect of the defect 
layer width that implicates wavelength and gas tests, using oxygen as the test gas to search 
width, in the simulation related to the maximum peak at wavelength of the EM transmission. 
The first result presents in Table 1 and Fig 2 a connection between the defect layer width and 
wavelength that shows the more defect layer width, the more the maximum peak wavelength 
in the range 500-800nm with TE mode and 40.25 degrees of the incident wave. We found that 
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the intensity directly varies with the defect layer width. In Table 2 of the 7Dc width for each 
test gas, the second result displays the relationship between the three test gases and the 
maximum peak for the specific wavelength; there are few differences in transmittance intensity 
at each maximum peak at wavelength for test gases. In the second relation of Table 2, each test 
gas that associates the top peak of each wavelength discovers the opportunity to apply the 1-D 
photonic crystal model for detecting gases due to shifting of a vertex peak at wavelength. When 
the phase difference ‘this designed model with the refractive index of oxygen’ has changed due 
to the refractive index of CO2 and NH3, the effect of shifted wavelength on the periodic stack 
structure. The effectiveness of shifted wavelength depends on J keeping the value. In Table 2, 
shown difference of intensities and wavelength of oxygen, ammonia, and carbon dioxide. 
 

 
Figure 3. 

The shifted wavelength of three test gases.  
 
Conclusion: 
This project adapted and simulated the 1-D photonic crystal model to detect gases because of 
the few little dissimilar refractive index properties of gases. The simulation results are an 
attentive intensity and peak wavelength of the EM transmittance. The intensity results of this 
model can separate the very few differences at a peak of wavelength, and each test gas affects 
the peak of wavelength to move a little for some gases shown in Fig 3. The little difference in 
these results should arise from a few layers of the model. The problem in this paper may be 
from too few periodic layers of silicon dioxide and oxygen. 
 
References: 

1 Packiaraj, D., K. J. Vinoy, and A. T. Kalghatgi. Progress In Electromagnetics Research 
C, Vol.7, 2009; 111–123. 

2 Sang, H.-Y., Z.-Y. Li, and B.-Y. Gu. Chinese Physics Letters, Vol. 22, 2005; 2:365. 
3 Golmohammadi, S., M. K. Moravvej-Farshi, A. Rostami, and A. Zarifkar. Progress In 

Electromagnetics Research, Vol. 75, 2007; 75:69–84. 
4 Kittel, C., et al. Introduction to Solid State Physics, Vol. 8, 1976; 32. 
5 Wang, X., Z. Xu, N. Lu, J. Zhu, and G. Jin. Optics Communications,Vol.281, 2008; 

6:1725–1731. 

0.88

0.89

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

680 681 682 683 684 685 686 687 688 689

3NH

2CO

2O

377



 

 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

6 D¨undar, M. A., E. C. Ryckebosch, R. N¨otzel, F. Karouta, L. J. van Ijzendoorn, and R. 
W. van der Heijden. Optics Express, Vol. 18, 2010; 5:4049–4056.  

7 Liu, Y. and H. Salemink. Optics Express, Vol. 20, 2012; 18:19912–19920. 
8 Macleod, H. A. Thin-film optical filters. CRC press, 2010. 
9 Malitson, I.H. Journal of the Optical Society of America, 1968; 55:1205-1208. 
10 J. Zhang, Z. H. Lu, and L. J. Wang. Appl. Opt 2008; 47:3143-3151. 
11 P. Křen. Appl. Opt. 2011; 50:6484-6485. 
12 A. Bideau-Mehu, Y. Guern, R. Abjean and A. Johannin-Gilles. Opt. Commun, 1973; 

9:432-434. 
13 C. Cuthbertson and M. Cuthbertson. Phil. Trans. R. Soc. Lond. A, 1914; 213:1-26. 
14 Oumayma Habli1, Yassine Bouazzi1, and Mounir Kanzari1. Progress In 

Electromagnetics Research C. 2019; 92:251–263. 
 

378



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
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Abstract:  
A set of DIY bifacial convex lenses made of 10 mm thick transparent acrylic sheet, was 
designed and produced. The DIY bifacial convex lens set consists of 3 DIY bifacial convex 
lenses with the same thickness of 2 cm. They have a height of 5, 6 and 6.5 cm and front (R1) 
and rear (R2) curvature radius of the lens are 4, 5 and 6 cm, respectively. A computer laser 
machine was used to cut the transparent acrylic sheets to the desired shape of the lens. The set 
of DIY bifacial convex lenses was taken to perform the experiment with a light source and 2- 
and 3-slot slit plates at the basic laboratory of the Faculty of Science Laboratory Building, 
Thaksin University, Songkhla Campus. We can measure the focal length of DIY lens and the 
refractive index of the transparent acrylic plates for making the set of the convex lenses by 
using the light refractive principle and the lens maker’s equation. It was found that the mean 
values of the focal length of the set of DIY bifacial convex lens were equal to 5.99 ± 0.18, 
8.09 ± 0.67 and 8.33 ± 0.41 cm, respectively. In addition, the refractive index of the 
transparent acrylic sheet used to make this set of lenses, calculated by using the lens maker's 
equation, equal to 1.33 ± 0.01 1.31± 0.03 and 1.36 ± 0.02 with the error from the actual value 
of 11 12 and 9%, respectively. Although, the errors were slightly high, but they were within 
the acceptable criteria. The set of DIY convex lens should be designed with a smaller 
thickness that will cause the value of the error to be reduced.  

Introduction:  
It is well known that organizing the teaching of science subjects, especially physics, in high 
school requires suitable and high-quality materials and experimental equipment. Teachers can 
use these materials and equipment to demonstrate experiments or conduct real experiments to 
make the teaching and learning process effective, accurate, and minimally error-prone. This 
helps students learn and understand the content of the physics subject, leading to good 
learning outcomes [1-2]. Currently, Office of the Basic Education Commission (OBEC), the 
Ministry of Education has been emphasizing student-centered teaching and incorporating 
STEM (Science, Technology, Engineering, and Mathematics) education principles since 
2016. These principles require a considerable amount of materials and equipment that are 
complete and readily available [3-5]. The Ministry has made efforts to procure materials and 
equipment produced in Thailand at reasonable prices, but in some cases, it has to import them 
at higher costs, which may not fully meet the school's needs. Additionally, when there is 
damage or wear and tear, it is not always possible to replace them immediately, resulting in a 
shortage of effective and efficient teaching materials and equipment. This affects students' 
learning outcomes. For teaching physics in high school, research has been conducted on 
designing and creating simple, low-cost materials and tools for use in teaching. For example, 
a study by Nakchuay, et al. (2018) [6] introduced a set of experiments on sound resonance 
using a smartphone and a 1-meter-long PVC pipe with one open end and one closed end. 
They used this setup to demonstrate sound resonance, and the experiment was carried out 
with clarity. This low-cost experiment could accurately calculate wave length and sound 
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velocity, with an error margin of less than 6%. This experiment proved to be highly effective 
for teaching purposes. Another example is a study by Thepnurat, et al. (2017) [7], who 
designed and created a DIY lens and convex lens set using locally available materials. This 
was intended to demonstrate the principles of lens design and manufacture, focusing distance, 
and light refraction through lenses. These experiments aimed to help students understand the 
natural phenomena related to lenses, focal lengths, and light refraction. Consequently, this 
research is particularly interested in creating and developing self-made materials and 
experimental equipment for physics, especially those related to light refraction through 
convex lenses, which can be used effectively in teaching and learning. This research provides 
guidance for designing and creating low-cost, DIY science materials and equipment in the 
future. 
 
Methodology: 
For conducting research, the steps are as follows.  

1. Study of the Problem and Research Significance. We studied the problem and 
significance of the research, particularly research related to the lack of materials and teaching 
equipment for the high school physics curriculum. This includes topics related to light and 
vision and other related research. We also examined existing materials and equipment to 
conduct experiments related to light refraction through convex lenses to obtain accurate data 
for calculating the focal length (f) and refractive index (n) of self-made acrylic lenses. 
Additionally, the researcher explored information about businesses or shops that offer 
modern tools for cutting acrylic sheets, which are essential for creating the DIY lens set. 

2. Study of Relevant Theory and Research. We conducted a study of relevant theories 
and research related to the project, focusing on reviewing knowledge and understanding of 
theories concerning light refraction through convex lenses, equations, and formulae related to 
the subject, particularly the lens maker's equation which is 1/f = (n – 1).[(1/R1) – (1/R2)] for 
the thin lens [8]. We also researched previous works related to determining the refractive 
index and the design and creation of DIY lenses using various methods of interest. 
Furthermore, we studied and practiced designing lens shapes using A4 paper and consulted 
with experienced individuals in the field. 

3. Design and Creation of the Experiment Set. We designed and created a DIY 
bifacial convex lenses set made from 10-mm thick transparent acrylic sheets to be used with 
existing materials and equipment in the basic physics laboratory at Thaksin University, 
Songkhla Campus, in the Department of Science and Mathematics. The materials and 
equipment include light sources and slit experiments with 2- and 3-slot slit plates, among 
others. The process for designing and creating the DIY bifacial convex lens set is divided into 
two steps: 

3.1. Design Step. Draw circular shapes with radii of 4, 5, and 6 centimeters on A4 
paper, creating curved shapes that intersect to form bifacial convex lenses. The width of all 
three lenses should be 2 centimeters, and the height should be approximately 5, 6, and 6.5 
centimeters, as illustrated in Figure 1(a), (b) and (c), respectively. Afterwards, transfer the 
design onto a 10-mm thick clear acrylic sheet to prepare it for cutting into the desired DIY 
bifacial convex lens, as outlined in the following steps. 

3.2 Steps to Create a DIY Bifacial Convex Lens Set, Using 10-mm Clear Acrylic 
Sheets. Take the 10-cm clear acrylic sheet with the designs for the DIY bifacial convex lens 
set, as described in step 3.1, and cut it into the desired lens shapes using an acrylic sheet 
cutting machine, as shown in Figure 2. This will yield a DIY bifacial convex lens set made 
from 10-mm thick clear acrylic.  
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Figure 1. 
A DIY bifacial convex lens set which have the width of all three lenses equal to 2 cm, and             

the height should be approximately 5, 6, and 6.5 cm as shown in (a), (b) and (c) respectively. 
 
 

 
 
 
 
 
 
 
 
 

                                                 
Figure 2. 

Acrylic sheet laser cutting machine. 
 
This set comprises three lenses of equal thickness, measuring 2 cm each, with heights of 5, 6, 
and 6.5 cm. These three lenses have the same front (R1) and back (R2) radii of curvature, 
measuring 4, 5, and 6 cm, respectively, as depicted in Figure 3. 
 
 
 
 
 
 
 
 
 
 

Figure 3. 
The DIY bifacial convex lens set is crafted from 10-mm thick clear acrylic sheets, obtained 
by cutting with a laser cutter. These lenses have equal thickness, approximately 2 cm, and 
come in heights of 5, 6, and 6.5 cm. The radii of curvature for both the front (R1) and back 

(R2) of these lenses are the same, measuring 4, 5, and 6 cm, respectively. 

   

 

 

(b) (a) (c) 

R2 R1 
6 cm 5 cm 6.5 cm 
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4. Experiment and Collect Data. The DIY bifacial convex lens set were taken to 
perform the special and designed experiments with materials and equipment available in the 
laboratory. These materials and equipment were light sources, wires, light bulbs, 
transformers, A4 paper sheets, 2- and 3-slot slit plates, etc., as shown in Figure 4. 
 

 
 

Figure 4. Materials and equipment available in the laboratory. 
 

Use the DIY bifacial convex lens set to conduct experiments with the prepared 
materials and equipment. Follow the steps below: 

4.1 Organize the materials, equipment, and tools for the experiment on the 
refraction of light using the DIY bifacial convex lens set. Place the lens in front of the light 
source connected to the power supply to create the desired bright light, as shown in Figure 5. 
 

 
 

Figure 5. Experimental setup for light refraction through the DIY bifacial convex lens set. 
 

4.2 Place the 2 slot slit plates near the front of the light source to separate the light 
into two straight beams. These two beams will pass through the DIY bifacial convex lens set 
up as described in step 4.1. Observe the phenomenon of light refraction through the lens 
where they intersect at a particular point, as shown in Figure 6. 

4.3 Measure the distance at which the intersecting of the refracted light occurs 
through the DIY bifacial convex lens and record this data as the focal length of the DIY lens. 
Take this focal length value to calculate the refractive index of the clear acrylic sheet used for 
making the lens by using the lens maker's equation. 
 
 

2-and 3-slot slit plates 
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Figure 6. Using the 2-slot slit plates to separate light into two straight beams 
before passing through the DIY bifacial convex lens. 

4.4 Invert the orientation of the DIY bifacial convex lens, moving it from top to 
bottom and from left to right, then repeat the experiment from step 4.1 to 4.3. 

4.5 Repeat the experiment from step 4.1 to 4.4 using all the DIY bifacial convex 
lens sets created. 

4.6 Repeat the experiment from step 4.1 to 4.5, changing the 2-slot slit plates to a 
3-slot slit plates, and observe and record the experimental results in the form of a data table. 

4.7 Analyze and summarize the experimental results obtained. 
Results and Discussion: 

The data obtained from the experiment using the DIY bifacial convex lens set made 
from 10-cm thick clear acrylic sheets in the study of light refraction, as detailed in Section 4, 
is presented in the form of three tables as follows: 

Table 1. Experimental data when using the DIY bifacial convex lens made from 10-cm thick 
clear acrylic sheets with radii of curvature (R1 and R2) equal to 4 centimeters (DIY 1). 

Lens 
type Slit type Side of lens 

The experimental results 
obtained 

Mean and standard deviation 
Focal length 

(f) in cm. 
Refraction 
index  (n) 

Focal 
length (f) 

in cm. 
Refraction 
index (n) Mean S.D. Mean S.D. 

Convex 
lens  

DIY1 
1st time 

2-
channel 

type 

Side 1 (top) 6.25 1.32 

6.40 0.21 1.31 0.01 Side 1 (bottom) 6.40 1.31 
Side 2 (top) 6.70 1.30 

Side 2 (bottom) 6.25 1.32 

3-
channel 

type 

Side 1 (top) 6.00 1.33 

6.03 0.10 1.33 0.01 Side 1 (bottom) 6.10 1.33 
Side 2 (top) 5.90 1.34 

Side 2 (bottom) 6.10 1.33 

Convex 
lens  

DIY1 
2nd time 

2-
channel 

type 

Side 1 (top) 5.50 1.36 

5.86 0.27 1.34 0.01 Side 1 (bottom) 5.95 1.34 
Side 2 (top) 6.15 1.33 

Side 2 (bottom) 5.85 1.34 

3-
channel 

type 

Side 1 (top) 5.80 1.34 

5.69 0.14 1.35 0.01 Side 1 (bottom) 5.65 1.35 
Side 2 (top) 5.50 1.36 

Side 2 (bottom) 5.80 1.34 
Convex lens DIY1 5.99 0.18 1.33 0.01 
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From Table 1, it can be seen that f and n of the DIY bifacial convex lens made of a 10 cm 
thick clear acrylic sheet with radii of curvature (R1 and R2) are equal to 4 cm (DIY 1) has a 
value equal to 5.99 ± 0.18 cm and 1.33 ± 0.01, respectively. 

Table 2. Experimental data when using the DIY bifacial convex lens made from 10-cm thick 
clear acrylic sheets with radii of curvature (R1 and R2) equal to 5 cm (DIY 2). 

Lens 
type Slit type Side of lens 

The experimental 
results obtained 

Mean and standard deviation 
Focal length 

(f) in cm. 
Refraction 
index (n) 

Focal 
length (f) 

in cm. 
Refraction 
index (n)  Mean S.D. Mean S.D. 

Convex 
lens  

DIY2 
1st time 

2-channel 
type 

Side 1 (top) 8.25 1.30 

8.14 0.83 1.31 0.03 
Side 1 (bottom) 7.00 1.36 

Side 2 (top) 8.30 1.30 
Side 2 (bottom) 9.00 1.28 

3-channel 
type 

Side 1 (top) 7.75 1.32 

8.43 0.99 1.30 0.03 
Side 1 (bottom) 8.05 1.31 

Side 2 (top) 8.00 1.31 
Side 2 (bottom) 9.90 1.25 

Convex 
lens  

DIY2 
2nd time 

2-channel 
type 

Side 1 (top) 8.05 1.31 

7.76 0.33 1.32 0.02 Side 1 (bottom) 8.00 1.31 
Side 2 (top) 7.35 1.34 

Side 2 (bottom) 7.65 1.33 

3-channel 
type 

Side 1 (top) 8.75 1.29 

8.03 0.52 1.32 0.02 Side 1 (bottom) 7.50 1.33 
Side 2 (top) 7.90 1.32 

Side 2 (bottom) 7.95 1.33 
Convex lens DIY2 8.09 0.67 1.31 0.03 

From Table 2, it can be seen that f and n of the DIY bifacial convex lens made of a 10 cm 
thick clear acrylic sheet with radii of curvature (R1 and R2) are equal to 5 cm (DIY 2) has a 
value equal to 8.09 ± 0.67 cm and 1.31 ± 0.03, respectively. 

Table 3. Experimental data when using the DIY bifacial convex lens made from 10-cm thick 
clear acrylic sheets with radii of curvature (R1 and R2) equal to 6 cm (DIY 3). 

Lens 
type Slit type Side of lens 

The experimental 
results obtained 

Mean and standard deviation 
Focal length 

(f) in cm. 
Refraction 
index (n) 

Focal 
length (f) 

in cm. 
Refraction 
index (n) Mean S.D. Mean S.D. 

Convex 
lens  

DIY3 
1st time 

2-channel 
type 

Side 1 (top) 9.10 1.33 

9.01 0.09 1.33 0.01 Side 1 (bottom) 9.00 1.33 
Side 2 (top) 8.90 1.34 

Side 2 (bottom) 9.05 1.33 
3-channel 

type 
Side 1 (top) 8.10 1.37 8.40 0.58 1.36 0.03 Side 1 (bottom) 9.05 1.33 
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Side 2 (top) 8.70 1.34 
Side 2 (bottom) 7.75 1.39 

Convex 
lens  

DIY3 
2nd time 

2-channel 
type 

Side 1 (top) 8.15 1.37 

7.66 0.51 1.39 0.03 Side 1 (bottom) 7.20 1.42 
Side 2 (top) 8.05 1.37 

Side 2 (bottom) 7.25 1.41 

3-channel 
type 

Side 1 (top) 8.95 1.34 

8.24 0.48 1.37 0.02 Side 1 (bottom) 8.00 1.38 
Side 2 (top) 8.00 1.38 

Side 2 (bottom) 8.00 1.38 
Convex lens DIY 3 8.33 0.41 1.36 0.02 

From Table 3, it can be seen that f and n of the DIY bifacial convex lens made of a 10 cm 
thick clear acrylic sheet with radii of curvature (R1 and R2) are equal to 6 cm (DIY 3) has a 
value equal to 8.33 ± 0.41 cm and 1.36 ± 0.02, respectively. 

 

Conclusion: 
We can summarize the findings as follows: 

1. We gained experience and knowledge from designing and constructing the DIY 
bifacial convex lens set using 10-mm-thick transparent acrylic sheets obtained by cutting 
identical pieces from acrylic sheets with a thickness of approximately 2 cm. The lenses had 
heights of 5, 6, and 6.5 cm, with front and back radii of curvature (R1 and R2) that were the 
same and measured 4, 5, and 6 cm. These lenses were successfully used in experiments 
related to light refraction to determine focal length and refractive index. 

2. When experimenting and calculating the focal length of the DIY bifacial convex 
lens set made from 10-mm-thick transparent acrylic sheets with uniform thickness of 
approximately 2 cm, and lens heights of 5, 6, and 6.5 cm, with identical front and back radii 
of curvature (R1 and R2) measuring 4, 5, and 6 cm, the average values were found to be 5.99 
± 0.18, 8.09 ± 0.67, and 8.33 ± 0.41 cm, respectively. 

3. When experimenting and calculating the refractive index of light for the DIY 
bifacial convex lens set made from 10-mm-thick transparent acrylic sheets with uniform 
thickness of approximately 2 cm, and lens heights of 5, 6, and 6.5 cm, with identical front and 
back radii of curvature (R1 and R2) measuring 4, 5, and 6 cm, using the lens maker's 
equation, the average values were found to be 1.33 ± 0.01, 1.31 ± 0.03, and 1.36 ± 0.02, 
respectively. 

4. When comparing the refractive index of light for the three lenses in the DIY 
bifacial convex lens set made from 10-mm-thick transparent acrylic sheets to the standard 
refractive index of 1.49 for acrylic sheets, a percentage deviation of 9-12% was observed, as 
shown in the following table. 
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Table 4. Comparison of the refractive index values of the three DIY bifacial convex lens sets 
made of 10 mm thick clear acrylic sheets with the standard values of                                                     

the refractive index values of the clear acrylic sheets. 
Convex lens 

DIY 
Experimentally calculated 
refractive index value (n) 

Refractive index of clear 
acrylic sheet (n) Error (%) 

DIY 1 1.33 ± 0.01  
1.49 

11 
DIY 2 1.31 ± 0.03 12 
DIY 3 1.36 ± 0.02 9 

It can be observed that the DIY bifacial convex lens set made from 10-mm-thick 
transparent acrylic sheets, consisting of three lenses designed and constructed, can be 
effectively used in experiments involving light refraction with the materials and equipment 
available in the Department of Basic Science and Mathematics laboratory of the Faculty of 
Science, Thaksin University, Songkhla campus. These lenses were successfully used to 
conduct experiments and determine the focal length of each lens, yielding values of 5.99 ± 
0.18, 8.09 ± 0.67, and 8.33 ± 0.41 cm, respectively. Furthermore, the refractive index of the 
DIY bifacial convex lens set, calculated using the lens maker's equation, resulted in average 
values of 1.33 ± 0.01, 1.31 ± 0.03, and 1.36 ± 0.02, respectively. In addition, when comparing 
the refractive index of light for the three lenses in the DIY bifacial convex lens set made from 
10-mm-thick transparent acrylic sheets to the standard refractive index of 1.49 for acrylic 
sheets, a percentage deviation of 9-12% was observed, which falls within an acceptable 
range. The reason the error value is higher than 10% is because the thickness of the lens 
created is relatively too thick, causing refraction and making the focal length measured from 
the experiment not correspond to reality. Furthermore, the uneven edges of the lens also 
contribute to inaccuracies in the experiment for measuring the focal length of the DIY lens. 
However, it is recommended that future iterations of the DIY bifacial convex lens set should 
consider reducing the thickness of the lenses to further minimize the percentage deviation in 
the refractive index [9]. 
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Abstract:  
Burkholderia, a genus of gram-negative bacteria, consists of both potentially beneficial and 
pathogenic members to plants, animals, and humans. Most members of Burkholderia genus 
cause medical concerns, being associated with diseases in humans and has potential as 
bioweapons. Infections by these bacteria manifest a spectrum of symptoms, from chronic 
infections to acute sepsis, which cause a high mortality in patients. The species of the concerned 
and selected to this study include Burkholderia mallei, Burkholderia pseudomallei, 
Burkholderia cenocepacia, Burkholderia gladioli, Burkholderia multivorans, and 
Burkholderia vietnamiensis. Pilin is a protein required for attachment and colonization.  
Studying the structure and function of pilin in these bacteria has the potential to facilitate the 
development of new therapeutics. Therefore, we performed comparative study of pilin in these 
bacteria by predicting protein structures based on primary amino acid sequences. The PilA 
amino acid sequences were retrieved through BLASTp searches, followed by multiple 
sequence alignments using Clustal Omega. Additionally, we used AlphaFold to predict the 
PilA protein structure, visualizing and highlighting the results with UCSF Chimera. Our 
multiple sequence alignment results revealed high sequence identity percentages between B. 
mallei and other Burkholderia spp., especially in the first 40 amino acids. The conserved 
residues are located within the N-terminal α-helix of the core structure. The predicted PilA 
structure comprised the N-terminal α-helix, the globular head domain with structural features 
such as the αβ-loop and D-region. These findings suggested commonalities with previously 
solved structures and indicated significant variations within the protein structure. This dataset 
serves as a valuable resource for guiding future experimental investigations into B. mallei PilA 
protein. 
 
Introduction:  

Burkholderia is a genus of the gram-negative bacteria. Many Burkholderia are 
pathogens to plants, animals, and humans. Some of the members have agricultural benefits and 
even have potential in industrial applications, such as Burkholderia ambifaria[1]. Some of the 
members can cause opportunistic infections in cystic fibrosis patient, as well as a cause of 
glanders, melioidosis and have been considered for potential use as a biological weapon[2, 3]. 
The infected patients have varies symptoms range from chronic infection to acute sepsis[4].The 
species that are considered possible danger are Burkholderia mallei, Burkholderia 
pseudomallei both considerate as a biological weapon[5] and Burkholderia cenocepacia, 
Burkholderia gladioli, Burkholderia multivorans and Burkholderia vietnamiensis[6].  

The infection pathway involves bacterial adherence and formation of a microcolony to 
the host cell, which is mediate by type IV pili (T4P). The T4P are a group of pilin protein, 
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found in gram-negative bacteria, forming into the pilus of bacteria and mediate adhesion, 
microcolony formation, DNA binding, motility etc.[7-10]. PilA protein is the major small 
structural protein of T4P. The structure consists of N-terminal helix, β-sheet and disulfide-
bonded[5, 8, 11].  

Studying these bacteria requires at least biological safety level 2 (BSL2) or even higher. 
For B. pseudomallei, a BSL3 biosafety cabinet in a biological safety level 3 (BSL3) facility is 
necessary, which comes with a lot of management and safety restrictions[12].To overcome the 
biosafety challenges, using bioinformatics to predict the protein structure before conducting 
the experimental study could minimize the risks and reduce the use of time and resource[13]. 
Additionally in structural biology, bioinformatics not only guide the way of studying a protein 
of interested but also allow us to find the potential of the obtained data in conceptual application 
in many possible ways. For example, to explore the protein interaction to protein ligand, drug, 
etc. The predicted structure could be used in many docking software upon the research 
respective field of interest[14]. The deep-learning method like AlphaFold could predict the 
protein structure based on primary amino acid sequence employing the large amount of solved 
proteins data available in Protein Data Bank (PDB)[15-17]. In this study, our aim is to use the 
bioinformatics method to determine the structure of PilA protein from B. mallei to choose the 
proper sequence for further study. 
 
Methodology:  
Sequence retrieval and multiple sequence alignment 

The Burkholderia sp. PilA amino acid sequence were selected using a search conducted 
with the Basic Local Alignment Search Tool (BLAST)[18] and were listed according to the 
pathogenic potential. Subsequently, multiple alignment was performed using Clustal Omega, 
and the results were visualize by Jalview program[19] . 

 
Determination of PilA protein similarities and differences in B. mallei structure 

To locate the similarities and differences within the PilA protein structure of B. mallei, 
the amino acid sequence was processed using AlphaFold[13]. This resulted in the generation of 
secondary and the tertiary structure of PilA protein which were virtualized by UCSF 
Chimera[20] 

 
Results and Discussion:  
 The sequence of B. mallei PilA amino acid was used as a query in BLASTp search. The 
percent identity results of B. pseudomallei, B. gladioli, B. multivorans, B. cenocepacia and B. 
vietnamiensis to B. mallei were 99.47%, 77.47% ,76.24%, 75.94%, 75.41% respectively as 
outlined with accession number in Table 1. 

The results of multiple sequence alignment shown in Figure 1 revealed conserved 
residues within the initial 40 amino acids at N-terminus, which are predicted to be an N-
terminal α-helix that functions as a transmembrane region (Figure 3).  The N-terminal α-helix 
of PilA comprises two parts: the α1-N at the N-terminus and the α1-C, which is embedded in 
the globular domain of the structure.[8]. The predicted Local Distance Difference Test (pLDDT) 
is a score providing the expected reliability of the region. From the Figure2, the score of 
predicted structure mostly more than 90 represent in dark blue color code of the predicted 
structure which expected to be modelled with high accuracy. The presence of a low pLDDT 
score region at the late N-terminal could be attributed to insufficient sequence coverage in the 
underlying database. The structure of the PilA protein from B. mallei, as predicted by 

389



 

 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

AlphaFold (Figure 3), similarly comprises of an α1-N at N-terminal and the globular head 
domain which divided into α1-C, 5-βsheet, and the intervening loop regions. The loops have 2 
significant structures: the αβ-loop and D-region. The αβ-loop connected between-terminal α-
helix and β-sheet, predicted to have role in pilin subunit interaction. The D-region included 
conserve cysteines which form disulfide bond. From the results, overall sequence variations 
were found located in the globular domain of the structure (Figure 4). Compared to previous 
study of PilA from Aggregatibacter actinomycetemcomitans, both proteins composed of N-
terminal α-helix which are a hydrophobic residue and the structurally diverse globular domain. 
The researchers found that having N-terminal α-helix decreases the solubility of the 
recombinant protein led to an aggregation[10]. The truncated α-helix or the globular domain is 
significant for ability to uptake DNA and cytokines via electropositivity surface and DNA-
binding site residues[10, 21].  

 
 

Table 1 Description, percent identity and acession number of selected Burkholderia sp. PilA 
protein sequence from BLASTp search 

Description Scientific name Percent 
identity (%) 

Accession 
number 

type IV pilus assembly protein 
PilA [Burkholderia mallei] Burkholderia mallei 100 WP_305953588.1 

PilA [Burkholderia 
pseudomallei] 

Burkholderia 
pseudomallei 99.47 AAT34993.1 

pilin [Burkholderia gladioli] Burkholderia gladioli 77.42 WP_186062829.1 
pilin [Burkholderia 

multivorans] 
Burkholderia 
multivorans 76.24 WP_217097923.1 

pilin [Burkholderia 
cenocepacia] 

Burkholderia 
cenocepacia 75.94 WP_124594621.1 

pilin [Burkholderia 
vietnamiensis] 

Burkholderia 
vietnamiensis 75.41 MBR7963306.1 
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Figure 1 Alignment of PilA amino acid sequence from B. mallei, B. pseudomallei, B. 

cenocepacia, B. gladioli, B. multivorans and B. vietnamiensis by Clustal Omega (visualized 
by Jalview program). 

 

 

 

 

Figure 2 The prediced LDDT of the B. mallei PilA structures predicted by Alphafold. (a)The 
pLDDT score obtained from first five range structure (b) The rank1 structure, the color 

correlated with pLDDT. The color code of the structure are dark blue, light blue, green, yellow 
and red indicated confidential of the structure which are very high(>90), confident(80), ok(70), 

low(60) and very low(<50). 
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Conclusion:  
In this study, we have conducted a comparative analysis of PilA proteins from 

Burkholderia sp. using multiple alignment tools Clustal Omega. Additionally, we described 
the B. mallei PilA protein structure predicted from AlphaFold. The predicted structure 
comprises an N-terminal α-helix (consisting of α1-N and α1-C) and a structurally diverse 
globular domain. Most of the N-terminal α-helix is highly conserved, which agree with prior 
findings in structural research on type IV pili (T4P) structures. Furthermore, the integration of 
multiple sequence alignment with the predicted structure not only revealed components of the 

Figure 3 The predicted structure of B. mallei PilA by Alphafold. The structure composed of 
N-terminal α-helix and globular head domain (visualized by UCSF Chimera). 

Figure 4 The predicted B. mallei PilA globular head domain structure by AlphaFold. Red 
residues indicate amino acids with variation in the sequence which are the results from 

multiple sequence alignment. 
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B. mallei PilA protein structure that share similarities with experimentally solved structures, 
and it also identified significant variations in the protein structure. This dataset can serve as a 
valuable resource for guiding the design of future experimental investigations into the PilA 
protein of B. mallei.  
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Abstract:  
 The synthesis of green synthesized silver nanoparticles (GSNPs) using guava leaf 
phenolic extract (GLPE) as a reducing agent provides a sustainable and environmentally 
favorable method for enhanced nanoparticle production. The nano-sized GSNPs particles 
were effectively synthesized in the present investigation. The GSNPs were then characterized 
using optical density (OD) and zeta potential (ZP) measurements. At a wavelength of 424 
nm, the analysis demonstrated a maximum absorbance peak. ZP analysis of GSNPs revealed 
the existence of two distinct size distributions. 88.4% of the first distribution had a size of 
180.50 nm, while the second distribution had a size of 28.48 nm. The MIC and MBC values 
of GSNPs against Bacillus subtilis (BS), Staphylococcus aureus (SA), and Salmonella 
Typhimurium (ST) ranged from 0.98 µM to 7.85 µM and from 3.93 µM to 31.50 µM, 
respectively, indicating strong antibacterial capabilities. Subsequently, these GSNPs were 
incorporated into a transdermal patch (TP) using micro-molding techniques and crosslinking 
with polymeric matrices. To evaluate its continued relevance, GSNPs-TP performed an 
assessment on human dermal fibroblast cells, applying GSNPs-TPs/GSNPs at concentrations 
ranging from 0.5 to 50 µM. The experimental results suggest that cell survival varied 
between 93% and 70%, indicating a reduced level of toxicity in comparison to the utilization 
of GSNPs alone. The GSNPs-TP could have potential for biomedical applications, especially 
in the research of infection control and pharmaceutical drug delivery. 
 
Introduction:  

Silver nanoparticles (AgNPs) have emerged as remarkable nanomaterials with 
applications in biotechnology and biomedical research. The AgNPs exhibited excellent 
antimicrobial activity by damaging the bacterial cell membranes, allowing huge amounts of 
AgNPs to directly penetrate the cell and inhibit DNA replication – transcription that 
ultimately leads to bacterial death1. Traditional physical or chemical methods of metal 
nanoparticle synthesis have obvious limitations and drawbacks; therefore, green chemical 
processes have appeared as a new manufacturing strategy. Recently, the utilization of 
biological extracts derived from various plants for the synthesis of metal nanoparticles has 
attracted a great deal of interest from the nanobiotechnology research community due to its 
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rapid, highly reproducible, ecological, environmentally friendly, and cost-effective 
procedure2. Green synthesis of nanoparticles is based on the plant extract containing 
biomolecule/s (phenolics, terpenoids, glycosides, peptides, proteins and tannins) that is 
responsible for the reduction, capping, and stabilization of nanoparticles. Previous studies 
showed the potential use of plant phenolic extract for the synthesis of metal nanoparticles3. 
One of them is the guava leaf phenolic extract (GLPE), which previously exhibited an 
excellent bioresource for the synthesis of nanoparticles due to its high availability and low 
cost4. Therefore, the GLPE could be a good alternative to synthesize GSNPs and incorporate 
them into novel nanoparticle-based drugs and formulations in biomedical Transdermal 
Patches. 

Transdermal patch (TP) is an alternative method of drug delivery by distributing 
pharmaceuticals through the skin to improve drug absorption and prevent tissue or nerve 
damage. One of the example is small microneedles, used as microarray patches, which can 
penetrate the stratum corneum and reach the dermal layer5. Its efficacy represent an 
alternative application method for the next step. Consequently, the primary objective of this 
research is to characterize the physical properties and antibacterial activity of GSNPs. Then, 
GSNPs-TP was fabricated and cell cytotoxicity was evaluated. 

 
Methodology: 
Materials  
 The guava leaves were purchased locally in Songkhla, Thailand.  Silver nitrate 
(AgNO3)  was purchased from Sigma-Aldrich (USA), and Carboxymethyl cellulose (CMC) 
was purchased from Sigma-Aldrich ( USA) .  Hyaluronic acid ( HA)  was purchased from 
Chemipan Corporation (Bangkok, TH). 
 
Synthesis of GSNPs 
 300 g of guava leaf powder was extracted with 100 ml of 70% ethanol (v/v) using an 
electric stirrer at 180 rpm for 24 h. The solution was placed at room temperature to separate 
the precipitate. The upper solution was filtered by the paper filter to remove the other organic 
compounds.  Precipitate was re-extracted by repeating the extraction–filtration.  Extract 
fractions were pulled and evaporated to remove the ethanol under reduced pressure.  The 
phenolic extracted solution was freeze-dried and kept at 4 °C. Folin-Ciocalteu assay was used 
to evaluate the amount of phenolic constituents. The quantity of gallic acid in the phenolic 
extracted solution was calculated using the standard curve; the result was expressed in 
milligrams of gallic acid equivalent per gram of GLPE dry weight (mg of gallic acid/g of 
GLPE). GLPE was used as a reducing agent to synthesize the GSNPS. The 25 ml of GLPE 
solution (5 mg/ml); adjusted pH to 9.0 was added to 475 mL of 1 mM AgNO3. The mixture is 
stirred on a magnetic stirrer at the maximum speed for 10 min and kept at 4 °C. 
 
Characterization of silver nanoparticle 
 GSNPs was detected using a UV-visible spectrophotometer in term of optical density 
across the wavelength ranging from 190 to 820 nm at room temperature. Sizes of GSNPs 
were observed by Zetasizer Nano ZS (Malvern Instruments, Worcestershire, UK). GSNPs 
were subsequently sonicated for 5 minutes prior to analysis. The hydrodynamic particle 
diameters were then determined under controlled conditions, with all measurements 
performed at a constant temperature of 25 °C using fixed-angle light scattering detection. 
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Antimicrobial activity  
Preparation inoculum 
 Bacillus subtilis (BS), and Staphylococcus aureus (SA) and Salmonella Typhimurium 
(ST) were employed. One colony of each species was selected and inoculated into 1 ml of 
Tryptic soy broth (TSB) in a 1.5 ml microcentrifuge tube. The inoculum was incubated in a 
shaking incubator at 37 °C until reaching the log phase for BS, SA, and ST at 18 – 24 hours, 
6 – 9 hours, and 5 hours respectively. The twenty microliters of inoculum after incubation 
was added into 2 ml of 0.85% (w/v) NaCl adjusted to 0.5 McFarland (1.5×108 CFU/ml). The 
bacterial cell was adjusted to 106 CFU/ml by using Mueller Hinton broth (MHB). 
 
Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration 
(MBC)  
 The MIC was performed using broth microdilution assay in a 96-well plate with 
various concentrations of 50 µl GSNPs. Serial dilution was performed in the range of 0.4 – 
300 µM of GSNPs. The bacterial suspension (1×106 CFU/mL) was inoculated into each well, 
and the plates were incubated at 37 °C for 16 – 18 hours. The vancomycin was used as a 
positive and the bacteria cell as a negative control. Turbidity in each well was measured at 
620 nm and used to determine the MIC value. The MBC was determined using the GSNPs 
that yielded significant MIC values by dropping the culture onto Muller Hinton Agar (MHA) 
plates. After incubation at 37 °C for 16 – 18 h, the MBC was evaluated. The entire 
experiment was performed three times with three independent repetitions. 
 
GSNPs-TP fabrication and toxicity test 
 The utilization of GSNPs in the biomedical transdermal patch was incorporated into 
the polymeric solution used in the fabrication of TP. Micromolding techniques were applied 
for the fabrication procedure, double layer. The solution consisted of carboxymethyl cellulose 
(CMC) that had been cross-linked with hyaluronic acid (HA); GSNPs were then added before 
being deposited onto TP molds. The TP was baked in a desiccator with silica gel and allowed 
to dry for 24-48 hours prior to its removal from the silicone mold. 
 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was 
performed to evaluate the biocompatibility and biosafety of GSNPs and its TP formulation. 
Human dermal fibroblasts (HDFs) were seeded at 1x104 with DMEM containing 10% FBS in 
96-well plates. After 24 hours, they were incubated with GSNPs and GSNPs-TP in solution 
form at 37 °C in 5% CO2 for 48 hours. MTT solution (5 mg /ml) was added to each well and 
incubated at 37 °C for 4 h and then replaced medium with DMSO. The absorbance at 550 nm 
was measured using a microplate reader. Percentage cell viability was calculated using 
absorbance of sample/absorbance of control) x 100. 
 
Results and Discussion: 
Characterization of GSNPs  
 In this study, phenolic extract from guava leaf was prepared using an inexpensive and 
environmentally friendly method to use ecological solvents. The total phenolic content of the 
extract was 537.14 ± 21.83 mg of gallic acid/gram of GLPE. The powder was light brown 
and hydrophilic. This is advantageous for the potential productive synthesis of biogenic silver 
nanoparticles due to the high phenolic content found in the guava leaf. 
 GSNPs were synthesized successfully, resulting in the production of GSNPs in Figure 
1A as compared to phenolic solution prior to GSNP synthesis. The peak was determined to be 
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424 nm, which corresponds to the findings of a previous study indicating that GSNPS 
exhibited an absorption peak at approximately 425 nm4. In additional studies involving 
various phenolic plant extract, AgNPs exhibit an absorbance peak around 420 nm6,7. Figure 
1B represents the zeta potential of GSNPs, which indicates that GSNPs have two sizes 
distribution, 180.50 nm at 88.4% and 28.48 nm at 11.6%. Due to the fact that synthesis is 
dependent on many variables, such as pH, temperature, and the concentration of reducing 
(phenolic extract), these may have an effect on the sizes of GSNPs. Previous research 
exhibited silver nanoparticles with a single distribution size, as determined by DLS (zeta 
potential). Using various phenolic plant extracts, the average particle size was reported to be 
between 17.2 nm4 and 75 nm7. 
 

 
  

Figure 1 The UV-Vis absorption spectra of GLPE extract before and after GSNPs synthesis 
(A). Zeta – an average of GSNPs in phenolic solution (B). 
 
Antimicrobial activity of GSNPs  
 It is well known that AgNPs exhibit antimicrobial properties. The objective of this 
study is to assess the effectiveness of inhibition on the growth of bacteria, including ST as a 
representative of gram-negative bacteria and BS and SA as representatives of gram-positive 
bacteria. As shown in Table 1, GSNPs can inhibit the growth of bacteria in both Gram-
positive and Gram-negative. MIC values of BS, SA, and ST were 0.98, 7.85, and 1.96 μM, 
respectively. Additionally, the MBC value of GSNPs was approximately four times higher 
than the minimum inhibitory concentration (MIC) indicating effectively killed all types of 
bacteria.    
 
Table 1 The MIC and MBC values of GSNPs.  

Species of Bacteria (gram+,-) MIC (μM) MBC (μM) 

BS (+) 
SA (+) 
ST (-) 

0.98 
7.85 
1.96 

> 3.93 
31.50 
7.85 

 
 
Biocompatibility evaluation of GSNPs-TP 
 Antibacterial GSNPs were incorporated into polymer solutions to produce GSNPs-TP. 
The completed size of the patch (dimensions; 3.4 x 6.7 cm shown in Figure 2A) was then 
dissolved in PBS and treated with cells using the MTT assay to determine its toxicity, which 
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was measured by loss of structure or cell function, including lethal cytotoxicity. Figure 2B 
illustrates the percentage of viable cells for GSNPs-TP and GSNPs alone. The concentration 
of GSNPs and GSNPs-TP (0.5 – 100 µM) was treated in the HDFs cell for 48 hours. The 
results indicate that GSNPs at concentrations of 75 and 100 µM are extremely toxic to cells, 
resulting in a 15% cell viability while at the same concentration of GSNPs-TP are still non-
toxic, indicating by 60% of the viable cells. The findings indicate that GSNPs-TP exhibits a 
satisfactory level of safety within the concentration range of 0.5 – 50 µM, as evidenced by a 
cell viability rate of 70 – 96%. This shows that GSNPs-TP have minimal cytotoxicity, hence 
making them a promising candidate for future biomedical applications. Furthermore, this 
concentration range represents the minimum bactericidal concentration (MBC) required for 
effectively eliminating the bacterial cells responsible for the wound infection. Hence, it 
would be interesting to conduct further research on the effectiveness of GSNPs-TP. 

 

 
 

Figure 2 (A) GSNPs-TP and (B) the cell viability of GSNPs-TP and GSNPs via MTT assay 
on fibroblast cells.  
 
Conclusion:  
 In this investigation, phenolic extract from the leaf of the guava plant was used to 
synthesize GSNPs. The benefit of this work is its low-cost and environmentally friendly 
method. The majority of the particle sizes of GSNPs with antimicrobial properties were 
180.50 nm. The GSNPs were further incorporated into the Transdermal Patch (TP) for 
beneficial application. This revealed non-toxicity to fibroblast cells within a certain 
concentration of dissolving patches, demonstrating the safety of using GSNPs-TP for drug 
delivery in the epidermis. Additional research could be conducted to assess the properties and 
efficacy of GSNPs-TP. 
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Abstract:  
Dihydrofolate reductase (DHFR) is an enzyme that is found in all eukaryotic and prokaryotic 
cells. It plays a key role in the folate pathway and DNA synthesis. DHFR uses NADH or 
NADPH as a reductant to catalyze the reduction of dihydrofolate (DHF) to tetrahydrofolate 
(THF). Tetrahydrofolate is a precursor in purine, thymidylate, and several amino acids 
synthesis. Inhibiting DHFR results in decreased intracellular tetrahydrofolate levels, 
suppression of RNA and DNA synthesis, and cell death. Consequently, DHFR has been 
recognized as a potential target for the development of novel medications to combat bacterial 
infections. Dihydrofolate reductase from Leptospira interrogans (LiDHFR) was expressed in 
Escherichia coli and purified with Ni-NTA resin affinity chromatography. Furthermore, the 
enzymatic activity was measured via spectrophotometry. However, the enzymatic activity was 
not detected. The sequence alignment with the E. coli dihydrofolate reductase (EcDHFR) 
reveals that key catalytic residues are not conserved. The characterization of LiDHFR or 
LiDHFR-like enzyme provides the basis for the search for the potential drug targets for the 
treatment of Leptospirosis. The LiDHFR characterized in this work is inactive, thus the search 
for its substrate and it the true LiDHFR in L. interrograns should be further investigated. 
 
Introduction:  
Leptospirosis is a zoonotic disease caused by the bacteria Leptospira, which can infect humans 
and mammals. Leptospirosis is one of the most common zoonotic illnesses in  
the world, with an estimated 1,000,000 cases and 50,000 deaths per year. In Thailand,  
L. interrogans is the Leptospira species that infects people most frequently (Narkkul et al., 
2021). Dihydrofolate reductase (DHFR) is a universal housekeeping enzyme in biology that 
catalyzes the conversion of 5,6,7,8-tetrahydrofolate (THF) from 7,8- dihydrofolate (DHF) via 
NADPH as a cofactor. Its major function is responsible maintenance the tetrahydrofolate pool 
in the cell. DHFR plays an important part in the production of thymidines and purines, as well 
as various other amino acids such as glycine, methionine, serine, and N-formyl-methionyl 
tRNA (Wróbel, A, 2020). Inhibition of the DHFR target led to a cessation of purine and 
thymine synthesis, resulting in cell death. Therefore, we aim to clone and characterize LiDHFR.  
 
Methodology:  
Expression and purification of LiDHFR 
The E. coli containing an expression plasmid for LiDHFR was cultured at 37 ˚C in Terrific 
broth until the O.D.600 reached 0.4. IPTG was used to induce the protein expression of cells 
to 0.1 mM for 6 hours at 30 ˚C. Centrifugation was used to collect the cells. For protein 
purification, the pellet was sonicated in 20 mM HEPES, 150 mM NaCl, 25 mM imidazole, pH 
7.5). The mixture was centrifuging at 40,000 x g for 15 min at 4 ˚C. The His-tagged LiDHFR 
in the supernatant was purified using Ni-NTA resin. The column was washed with 25 mM 
imidazole to 100 mM imidazole wash buffer (20 mM HEPES, 150 mM NaCl, 25-100mM 
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imidazole, pH 7.5) before being eluted with 250 mM imidazole elution buffer (20 mM HEPES, 
150 mM NaCl, 250 mM imidazole, pH 7.5). Each protein fraction was analyzed by SDS-PAGE 
using the Tris-glycine buffer system at 200 V for 45 minutes. The Gel was stained with 
Coomassie Blue for 30 minutes and de-stained for 3x15 minutes. The molecular weight of 
LiDHFR calculated from the amino acid sequence is 22.6 kDa. The LiDHFR fractions were 
pooled and dialyzed against 20 mM Tris pH 7.0 overnight. The concentration of LiDHFR was 
measured by spectrophotometry at 280 nm (extinction coefficient 41,940  
M-1cm-1).  
 
Enzymatic activity of LiDHFR 
The enzymatic activity of LiDHFR on reduction of NADH or NADPH was performed in 
MTEN buffer (50 mM MES, 25 mM Tris, 100 mM NaCl, 25 mM Ethanolamine) (R&D 
Systems) at pH 7.0. The reaction solution contained 1 mM DHF, 0.1 mM NADPH and 1000 
nM LiDHFR. The positive control is E. coli dihydrofolate reductase (EcDHFR) assayed with 
the same condition as LiDHFR.  To characterize enzymatic activities, we measured absorbance 
at 340 nm to follow the reduction of NADPH cofactor every second for 3 minutes at room 
temperature.  
 
Results and Discussion:  

The His-tagged LiDHFR was purified with affinity chromatography method using Ni-
NTA resin. SDS-PAGE suggested that pure LiDHFR was obtained with molecular weight 22.6 
kDa (Figure 1).  
 To characterize the enzymatic activity of LiDHFR, we measured absorbance at 340 nm 
to follow the reduction of NADPH for 3 minutes. The results show that the reduction of 
NADPH was not detected, while the EcDHFR as a positive control can be detected (Figure 2). 
It is possible that LiDHFR is not a DHFR enzyme, even though the NCBI suggested that this 
protein sequence is a dihydrofolate reductase from L. interrogans. Moreover, the sequence 
alignment between LiDHFR and EcDHFR (E. coli dihydrofolate reductase) that have several 
published in database suggested that crucial catalytic residues are not conserved with similarity 
28.9% although the conserved domains are same. The active site cleft of the DHFR structure 
has two subdomains, the adenosine binding subdomain, and the major subdomain. The smaller 
adenosine binding subdomain is a cofactor binding site, while the major subdomain consists of 
three loops on the ligand binding surrounding the active site (Schnell et al., 2004). The active 
site of LiDHFR contains Glu40 and His74, while the active site of EcDHFR contains Asp27 
and Arg57 in the corresponding positions, which is the conserved regions of DHFR enzyme 
(Figure 3). The Asp27 at one end of the active site is crucial for protonating the N5 atom of the 
DHF (Wan, Q, 2021). Even though the Glu40 of LiDHFR is an acidic amino acid same as the 
Asp27 of EcDHFR, the Glu40 of LiDHFR not be same position as Asp27 of EcDHFR. 
However, His74 in the active site of the LiDHFR is different from the Arg57 found in EcDHFR. 
The arrangement and structural configuration of Arg70 in human dihydrofolate reductase 
(hDHFR) stabilize through a complex network of persistent hydrogen bond interactions 
originating from the side chains of Thr38 and Thr39 within the active site helix of hDHFR. 
Furthermore, this stability is influenced by the backbone carbonyl and amide groups of Lys68 
and Asn64 in hDHFR. This assessment is drawn from an exhaustive examination of the 
intermolecular contacts that pertain to the inhibitor's side chain carboxylate and the universally 
conserved Arg within the active site (Cody & Schwalbe, 2006). Therefore, The His74 of 
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LiDHFR probably cannot stabilize the interaction between the active site and substrate. 
Moreover, the homology modelling of LiDHFR using phyre2 superimposed with EcDHFR 
suggested that the three-dimensional structure of LiDHFR did not fitted particularly well, with 
the RMSD value of 1.218 Å, and the expected catalytic residues did not align (Figure 4). For 
these reasons, we reason that LiDHFR does not contain the key catalytic residues and thus does 
not have a DHFR activity. 
 

 

 
Figure 1. 

SDS-PAGE of His-tagged LiDHFR purification using Ni-NTA affinity chromatography. 
 

LiDHFR was purified using Ni-NTA resin after eluting with 20 mM HEPES pH 7.5,  
150 mM NaCl, and imidazole concentrations ranging from 25 mM to 250 mM. For SDS-PAGE 
no.1 comprising Lane M is tricolor broad protein marker. Lane FT is flowthrough. Lane 3-5 
represents the elute proteins at 25 mM imidazole. Lane 6-8 represents the elute proteins at 50 
mM imidazole. Lane 9-11 represents the elute proteins at 75 mM imidazole. Lane 12-14 
represents the elute proteins at 100 mM imidazole respectively. SDS-PAGE no. 2 comprising 
Lane M is tricolor broad protein marker. Lane 2-7 represents the elute proteins at 250 mM 
imidazole. 
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Figure 2. 
The enzymatic avtivity of LiDHFR (A) and EcDHFR (B) on reduction of NADPH. 

The LiDHFR and EcDHFR activity were measured absorbance at 340 nm following the 
reduction of NADPH for 3 minutes. 
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Figure 3. 
The protein sequence alignment between EcDHFR and LiDHFR. 

The sequence alignment between EcDHFR and LiDHFR from EMBL-EBI pairwise sequence 
alignment tools shows that the active site of EcDHFR contains Asp27 and Arg57, while the 

active site of LiDHFR contains Glu42 and His74. 
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Figure 4. 

The protein structural superposition between EcDHFR and LiDHFR with RMSD = 1.218 Å. 
The EcDHFR is represents in blue color of ribbon structure (PDB; 1ddr chain B) with the 

conserved residues, Asp27 and Arg57, in active site and methotrexate (MTX) as an inhibitor, 
while the LiDHFR is represents in orange color of ribbon structure with Glu42 and His74. 

Conclusion:  
Previously, we expected that this enzyme to be a dihydrofolate reductase from 

Leptospira interrogans. We could express and purify the enzyme by using affinity 
chromatography. The activity of LiDHFR was tested, but no enzymatic activity was identified 
for the NADPH reduction using spectrophotometry at 340 nm. It is possible that this enzyme 
is not dihydrofolate reductase, but it is another enzyme in oxidoreductase family. Moreover, 
the sequence alignment between EcDHFR and LiDHFR suggests that the active site of LiDHFR 
is different from EcDHFR. Moreover, the superposition demonstrated that the LiDHFR did not 
fitted well with EcDHFR and the catalytic residues do not align. Therefore, these reasons 
suggest that this enzyme might not be a dihydrofolate reductase.  
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Abstract:  
 This study aimed to examine the toxic concentrations of imidacloprid, glyphosate and 
its mixture on Tubifex tubifex. The findings demonstrated that after 24 and 48 hours of 
pesticide exposure, imidacloprid alone caused toxic effects on T. tubifex more than 
glyphosate did. The interactions of these two pesticides at 24 and 48 hours were antagonistic 
and additive effects, respectively. This research further assessed sublethal concentrations by 
investigating the alterations in enzyme activity and histopathology. The Completely 
Randomized Design (CRD) was used in this study. The result disclosed a significant increase 
(p<0.05) in the catalase activity at 24 and 48 hours in both single and mixed toxicity test. The 
significant increase (p<0.05) in acetylcholinesterase activity was also observed after the 
worms exposed to imidacloprid alone at 24 and 48 hours. However, when exposed to 
glyphosate and the mixture at 24 and 48 hours, T. tubifex showed a significant decrease 
(p<0.05) in acetylcholinesterase activity. H&E staining revealed degeneration in T. tubifex 
tissues caused by oxidative stress. The overexpression of chloragosomes was additionally 
noticed in treated worms. This present study indicated that alteration in histology, catalase 
activity, and AChE activity can be used as biological markers to assess the toxicity of 
imidacloprid, glyphosate and its mixture on T. tubifex. 
 
Introduction:  
 Several types of pesticides are widely utilised in a farming system in order to manage 
pest species or enhance the productivity of agricultural crops1, 2, 3. Despite there being 
benefits from using these agrochemicals, the improper application might contribute to 
contamination in aquatic ecosystems4, 5, 6. One of the most ubiquitously used pesticides and 
whose residues have been frequently detected in freshwater ecosystems is imidacloprid, a 
neonicotinoid insecticide7, 8. This insecticide binds irreversibly to the nicotinic acetylcholine 
receptor site on the postsynaptic nerve cells, resulting in overstimulation of nerve impulses, 
eventually induces paralysis and death in aquatic animals9, 10. Nowell et al. (2017)8 reported 
that imidacloprid was the most frequently occurring insecticide in streams, and its detection 
frequency reached to over 80% in Midwestern US streams. In addition, the maximum residue 
measured so far in the aquatic environment from 11 countries was up to 320 μg L-1 which is 
higher than the regulatory thresholds for aquatic lives11. These reports are of much concern 
since Gerhardt (2009)12 published that 90 μg L-1 of imidacloprid had the potential to impair 
locomotion behaviour of T. tubifex after being exposed for 24 hours. Moreover, this 
insecticide can influence acetylcholinesterase (AChE) activity in Eisenia fetida and catalase 
(CAT) activity in Daphnia magna13, 14. 
 Under the field condition where both pests and weeds are presented, the single used 
insecticide is inadequate to control unwanted species, therefore, herbicides are also applied 
synchronously15. According to earlier studies, and similarly to insecticides, herbicides are 
also commonly found in aquatic systems. For example, herbicides were detected more 
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frequently and at greater concentrations than insecticides in the same stream8. Surveys such 
as that conducted by Mahler et al. (2016)16 exhibited that glyphosate, an organophosphorus 
herbicide, was found in streams with the high detection frequency being at 87%. 
Furthermore, the presence of glyphosate in the water resource of Indiana, the United States 
reached a peak of 427 μg L-1 as analysed by Scribner et al. (2007)17. Even though designed 
specifically to be a weed-killing chemical, glyphosate poses numerous threats to aquatic 
animals. A case study with Mytilus galloprovincialis, for example, demonstrated that 100 μg 
L-1 of glyphosate caused the alterations in AChE activity and CAT activity in those that were 
treated for 7 days18. Another research on Crassostrea giga tissues depicted that glyphosate 
can induce histological changes at a low concentration19. Although extensive studies today 
have been complete on the single toxicity of imidacloprid and glyphosate on aquatic animals, 
much uncertainty still exists about their interaction in the water ecosystem. This would 
obscure the existent impacts of these two pesticides on aquatic animals3, 20. Thus, the 
combined toxicity assessment needs to be considered as also recommended by the European 
Commission (2012)7 and Cang et al. (2017)21. 
 In this study, Tubifex tubifex, commonly known as a tubificid worm, was selected as a 
biological model owing to its widespread availability in the freshwater ecosystem22. The 
tubificid worms additionally play key functional roles in the ecological system including 
organic matter decomposition, restructuring of sedimentary deposits, and being an important 
source of nutrients for other aquatic species23. Consequently, provided that the number of 
tubificid worms undergoes a steep decline because of pesticide toxicity, other aquatic species 
will be gruelling to avoid consequence. This would lead to an ecological imbalance and 
diversity of aquatic creatures. According to previous studies which found that the activity of 
acetylcholinesterase and catalase can be used as biomarkers for toxicity assessment in T. 
tubifex24, 25. Another pivotal parameter, which has been used to assess toxicity in other 
oligochaete worms, was the alteration in histology26, 27, 28. Until recently, there has yet to be a 
report on the impact of pesticides on the histology of the tubificid worms. Hence, the main 
objective of this investigation was to assess the lethal and sub-lethal concentrations of 
imidacloprid, glyphosate, and its mixture, including the impacts of those pesticides on 
acetylcholinesterase activity, catalase activity, and histology of T. tubifex. To achieve this 
goal, T. tubifex was exposed to several concentrations of imidacloprid, glyphosate, and its 
mixture. Subsequently, they were examined the alterations in AChE activity, CAT activity, 
and histology. 
 
Methodology:  
Maintenance of test organism  
 A population of the oligochaete T. tubifex was obtained from a commercial hatchery 
located in Bangkok, Thailand. They were reared in 15 L plastic tanks filled with distilled 
water which was renewed daily. Aeration was provided in each tank and the animal 
maintenance system was under the controlled condition with the water temperature (24.13 ± 
0.22˚C), pH of water (7.91 ± 0.12), the oxygen dissolved in water (5.23 ± 0.31 mg L-1), and 
12 h light and dark cycles. The test species were handled in the best practice framework of 
Institute of Animal for Scientific Purposes Development (IAD), Thailand (License number 
U1-07745-2561). 
Chemicals and reagents 
 The analytical standard (purity ≥ 98.0%) of imidacloprid and glyphosate were used as 
experimental compounds for toxicity assessment. These two chemicals were purchased from 
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Sigma-Aldrich, Switzerland. Stock solutions were prepared freshly by dissolving the 
chemicals in distilled water until it had the required concentration. 
 
Toxicity of single pesticide 
 To determine the median lethal concentration (LC50) of each pesticide, the toxicity 
tests were performed in three replicates per concentration, and 30 worms per replicate. Each 
replication comprised of seven treatment groups and an untreated group. 
Toxicity of combined pesticide 
 For investigating the combined toxicity, imidacloprid and glyphosate were mixed in a 
ratio of 1:1. The lower LC50 value obtained from the above experiment was used as an initial 
concentration in that ratio. Six dilutions were subsequently prepared to attain the LC50 of the 
mixture by using distilled water as a medium. The experimental design was performed 
similarly to the single pesticide test. Once the LC50 values of each pesticide and combined 
LC50 value were obtained, the interaction of toxicants was examined via the Marking additive 
index method along with Wang et al. (2018)29. The initial step was to calculate the biological 
activity (S) using the equation as follows:  S = (Am/Ai) + (Bm/Bi); where Am and Bm are the 
toxicity (LC50) of toxicants A and B when present in the mixture, Ai and Bi are the single 
LC50 of toxicants A and B, while S represents the sum of biological activity. The biological 
activity was then used to calculate an additive index (AI) value. If the biological activity is 
less than 1, the formula, AI = (1/S) – 1, is used. On the contrary, if the biological activity is 
more than or equal to 1, the following formula, AI = 1 – S, is used. 
 The obtained result can predict the behaviours of mixed pesticides. If the AI value is 
less than -0.2, the interaction is considered as an antagonistic effect. If the value of AI ranges 
from -0.2 to 0.25, an additive effect takes place. And if AI value is more than 0.25, the 
interaction is classified as a synergism29.  
Histological examination 
 The sublethal concentrations were selected to examine the histopathological effects. 
Moreover, the concentrations at LC50 value were also established to confirm the toxicity of 
these pesticides after treatment for 24 and 48 hours. The worms were examined histologically 
using the standard method of Humason (1962)30. 
Enzymatic measurements 
 For the total protein content, it was assayed following the method of Bradford. The 
reference protein was bovine serum albumin (BSA). Determinations of absorbance at 514 nm 
were monitored three times per sample from each concentration31. A colourimetric 
determination of acetylcholinesterase activity was analysed following the method of Ellman 
et al. (1961)32 and Erp et al. (2002)33. The measurement of the catalase activity was studied as 
described by Aebi (1984)51. 
Statistics 
 The LC50 values were expressed as milligram of chemicals per litre of water with the 
95% confidence interval (95% CI). For the enzyme activity, the data were analysed using 
One-way ANOVA and considered a significance level of 0.05. The Bonferroni t post hoc test 
was selected to confirm the significant differences between treatments. 
 
Results and Discussion:  
The lethal effect of single pesticide exposure on T. tubifex 
 Acute exposure to imidacloprid and glyphosate individually exhibited the lethal 
toxicological effect in tubificid worms. Each pesticide showed different LC50 values to  
T. tubifex at various exposure times as shown in Table 1. 
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Table 1. The single toxicity of imidacloprid and glyphosate on T. tubifex after 24 and 48 
hours of exposure. 
 

Pesticides Exposure time 
(hours) 

LC50 (95% CI) 
mg L-1 Regression equation R2 

linear 

Imidacloprid 
24 1.545 (0.763-2.722) Y = -0.17 + 0.76X 0.981 

48 1.982 (0.287-5.622) Y = 0.02 + 0.55X 0.983 

Glyphosate 
24 201.438 (187.810-210.938) Y = -17.1 + 7.54X 0.982 

48 190.300 (182.545-194.966) Y = -71.69 + 31.53X 0.984 

Note: In the regression equation, Y represents the number of mortal worms while X represents the pesticide 
concentration (mg L-1). 
 
 The study such as that was carried out by Hassoon and Salman (2016)34 disclosed that 
the LC50 value of D. pulex exposed to imidacloprid for 24 hours was 1.5 mg L-1. After that, 
the LC50 value increased slightly to 1.9 mg L-1 after being exposed to imidacloprid for 48 
hours. A possible explanation for this result might be due to a low persistent in the aqueous 
solution of this insecticide with a half-life of 24.2 hours35. On account of this property, it 
could conceivably be hypothesized that imidacloprid tends to affect acutely on aquatic 
organisms. The research regarding the toxicity of glyphosate in Eriocheir sinensis also 
concurs with the present result by revealing that the 24-h and 48-h LC50 values were 461.54 
and 97.89 mg L-1, respectively36. This result suggested that the glyphosate toxicity increases 
with the increased exposure time. Furthermore, as compared to other oligochaete worms, T. 
tubifex is prone to be more susceptible to imidacloprid insecticide than others. Chen et al. 
(2014)37 reported that the LC50 values of E. fetida exposed to imidacloprid for 24 and 48 
hours were 3.39 and 3.63 mg L-1, respectively. Likewise, Wang et al. (2012)38 discovered that 
2.89 mg L-1 of imidacloprid at 48 hours caused the lethal toxicity in E. fetida. 
The lethal effect of mixed pesticide exposure on T. tubifex 
 Co-exposure to imidacloprid and glyphosate exhibited the lethal toxicological effect 
in tubificid worms as presented in Table 2. 
 
Table 2. The combined toxicity of imidacloprid and glyphosate on T. tubifex after 24 and 48 
hours of exposure. 
 
Mixed pesticide Exposure time 

24 hours 48 hours 
LC50 (95% CI) mg L-1 7.997 (7.428-8.385) 1.790 (1.560-1.973) 
Regression equation Y = -7.39+8.75X Y = -0.29+3.31X 
R2 linear 0.912 0.837 
Biological activity 5.216 0.913 
Additive index (95% CI) -4.216 (-10.034 to -1.764) 0.096 (-5.885 to 2.503) 
Interaction Antagonistic effect Additive effect 
Note: In the regression equation, Y represents the number of mortal worms while X represents the pesticide 
concentration (mg L-1). 
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 Although the coexistence of imidacloprid and glyphosate has commonly been found 
in the freshwater environment8, its interaction mechanism is not yet examined in aquatic 
organisms. Goñalons and Farina (2018)39 investigated a combined effect of imidacloprid and 
glyphosate on a honey bee, Apis mellifera. This previous study showed unclear interaction 
effects of these two pesticides. However, the researchers presumed that when exposed to both 
imidacloprid and glyphosate, bees accumulated less toxic than those exposed to imidacloprid 
alone. Another finding by Zhu, Y. C. et al. (2017)40 further confirmed that imidacloprid-
based insecticide combined with glyphosate-based herbicide at the LC20 did not demonstrate 
additive or synergistic effect in honey bees. Moreover, Wang et al. (2015)13 and Cang et al. 
(2017)7 found that the joint toxicity of imidacloprid and organophosphorus pesticides on the 
earthworm, E. fertida, displayed the antagonistic response. The possible explanation for the 
antagonistic mechanism might be that imidacloprid has a great potential to prompt the 
function of a monooxygenase system. This system basically plays a pivotal role in xenobiotic 
metabolism. The enzymes in the monooxygenase system are likely to favour imidacloprid as 
a substrate more than glyphosate. By doing this, the transformation rate of glyphosate to 
become a more toxic structure ( high-water soluble form)  will be deferred. As a result, the 
toxicity of imidacloprid cooperated with glyphosate would be lessened41, 42, 43. It seems that 
antagonistic action of the mixed chemicals can decelerate the lethality in organisms, however, 
this interaction may cause morbidity effects in organisms such as alteration in enzyme 
activity, paralysis, or losing the ecological functions3. Despite exhibiting the antagonistic 
effect at 24 hours, the interaction of imidacloprid and glyphosate in T. tubifex transitioned to 
the additive effect after 48 hours of exposure. These obtained results suggested that the 
combined toxicity of these two pesticides is more severe when the exposure time increases. 
Presumably, glyphosate might be progressively catalyzed by monooxygenase enzyme in T. 
tubifex and transformed to the more noxious form after being exposed over 24 hours. By that 
time, imidacloprid and glyphosate would possibly show the complete extent of toxic potency, 
leading to the occurrence of additive effect. 
Alterations in enzyme activity in T. tubifex 
 As was presented in Figure 1, the activity of catalase was measured in T. tubifex to 
monitor the function of the detoxification system as a response to pesticides exposure. After 
24 and 48 hours of exposure, the catalase activity in T. tubifex exposed to sublethal 
concentrations of imidacloprid and glyphosate separately were significantly higher than the 
untreated groups (p<0.05). As the concentration of pesticides increased, the catalase activity 
also increased significantly (p<0.05). Similarly, the catalase activities of the mixed pesticide 
exposure at 24 and 48 hours were significantly increased as compared to the untreated groups 
and it continued to increase as the mixed pesticide concentrations increased (p<0.05).  
 We further measured the AChE activity to comprehend the toxicity of these two 
pesticides on neural function (Figure 2). The results showed that the AChE activity in  
T. tubifex after being exposed to sublethal concentrations of imidacloprid for 24 and 48 hours 
were significantly greater than the control groups (p<0.05). At 24 hours of exposure, 
significant escalation (p<0.05) was also observed in the treated groups with increased 
imidacloprid concentrations. Contrary to both 24 and 48 hours of glyphosate alone and mixed 
pesticide exposure, it was found that the AChE activities of imidacloprid-treated worms were 
significantly lower than the control group (p<0.05). 
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 Pesticides generate an important source of excessive reactive oxygen species (ROS) 
which are discharged by drug metabolic reactions44. Overproduction of ROS can contribute 
to the cell damage, causing a process known as oxidative stress45, 46. One of the most vital 
detoxification enzymes found in peroxisomes of organisms is catalase. This enzyme is 
responsible for defending against the cellular oxidative stress by converting hydrogen 
peroxide to water and oxygen molecules25. The results in this study are consistent with 
previous reports of Samanta et al. (2014)47 and Qi et al. (2018)14 who demonstrated that 
exposing either glyphosate or imidacloprid in teleostean fish and D. magna presented a 
remarkable augmentation in the catalase activity. However, there was no research focus on 
the influence of imidacloprid and glyphosate mixture toward the alteration in catalase 
activity. One related study was done to examine the combined toxic effect of imidacloprid 
and other two herbicides on the catalase activity of zebrafish (Danio rerio). This research 
showed a significant enhancement in catalase activity as compared to the untreated group44. 
Interestingly, the relation between pesticide interaction and catalase activity is noticed in this 
study. At 24 hours, T. tubifex exposed to the pesticide mixture expressed the activity of 
catalase less than the summation of catalase activities of individual pesticide. This coincides 
with the antagonism observed in the toxicity of the combined pesticide test. In addition, the 
catalase activity of mixed pesticide at 48 hours was approximately equal to the summation of 
catalase activities of individual pesticide. These results relate to the additive effect observed 
in the above experiment. Therefore, this study supports the fact that these pesticides can 
induce free radical production. Then, the catalase is activated to eliminate the oxidizing 
agents as well as to maintain the normal physiological condition of organisms. 
 Acetylcholinesterase is involved in the inactivation of a crucial neurotransmitter, 
acetylcholine, at the synaptic cleft. This enzyme activity is widely used as a significant 
biological marker for assessing pesticide neurotoxicity10. For Imidacloprid, this insecticide 
has the nicotinic-like structure which can compete with acetylcholine to bind irreversibly 
with nicotinic acetylcholine receptors, causing the overstimulation of nerve impulse 
transmission9, 48. This might lead to the overaccumulation of acetylcholine at synaptic cleft 
and subsequently expresses more AChE to maintain neuronal function. We also observed 
paralysis after T. tubifex was exposed to imidacloprid for 24 and 48 hours. A possible 
explanation for this could be muscle fatigue after over-contraction.  Supporting our finding, 
previous reports published that AChE activity increased significantly after honey bees (A. 
mellifera) and bird cherry-oat aphids (Rhopalosiphum padi) exposed to imidacloprid at 
sublethal concentrations40, 48. Oppositely, exposing to glyphosate alone and the mixture, the 
worms showed the reduction in the AChE activity. The results in this study coincide with the 
study of Matozzo et al. (2018)18 and Sánchez et al. (2017)49 who exhibited that glyphosate-
based herbicide suppressed the AChE activity in the gills of M. galloprovincialis and the 
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muscle of J. multidentata. In addition, Zhu et al. (2017)40 reported that the mixture of 
organophosphate pesticide with the imidacloprid-based insecticide showed a significant 
decrease in AChE activity of A. mellifera. 
Histopathological examination 
 The transverse sectional views were depicted in figure 3 (A, B, C, and D). The 
untreated worms (A) in both single and combined toxicity tests showed the unimpaired body 
structure. On the other hand, worms exposed to imidacloprid (B), glyphosate (C) and the 
mixture (D) revealed pathological tissues. However, both single and mixed toxicity in this 
study did not show a dose-time-response relationship. 
 

 
  
 The observed tissue injuries in this study might be indicative of ROS overproduction. 
These molecules can attack the structure of biomolecules in cells, resulting in the destruction 
of cell structure26. The present findings agreed with the study of Wang et al. (2015)28 which 
showed that imidacloprid caused the degeneration of epidermal cells and midgut cells in E. 
fetida. Stanley & Joy (2014)26 also showed similar histopathological changes in earthworms 
(Nsukkadrilus mbae) exposed to glyphosate herbicide. They found muscle degeneration, 
detachment of the muscular layer, and irregular surface of the epidermis in the worms. 
Additionally, the overexpression of chloragosomes in chloragogenous tissues was probably 
due to the response of the detoxification mechanism in T. tubifex after pesticide exposure. 
Kwak et al. (2014)50 elucidated that chloragosomes play a role in neutralizing toxic 
substances which is similar to a function of the liver in vertebrate animals.  
 
Conclusion: 
 Investigation on toxicological impacts of imidacloprid, glyphosate, and its mixture in 
this study revealed the acute sublethal and lethal effects on aquatic oligochaete worms, T. 
tubifex. After 24 and 48 hours of pesticide exposure, imidacloprid caused toxic effects on T. 
tubifex more than glyphosate did. The antagonistic and additive effects were observed in the 
combined toxicity test at 24 and 48 hours, respectively. Moreover, alterations in catalase and 
AChE activity were observed after the worms exposed to imidacloprid, glyphosate, and its 
mixture at sublethal concentrations for 24 and 48 hours. The findings on histopathology also 
emphasise that these two pesticides including its mixture at sublethal doses are able to cause 
adverse effects on tubifex worms. This denotes that alteration in histology, catalase activity, 
and AChE activity can be employed as biological markers to assess the toxicity of 
imidacloprid, glyphosate and its mixture on T. tubifex. Moreover, the LC50 values reported in 
this study can be used to established aquatic life benchmark for imidacloprid, glyphosate, and 
its mixture. 
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Abstract:  

Myostatin (MSTN) is a crucial negative regulator of myogenic differentiation and a 
key player in inhibiting muscle growth. Inhibition of MSTN has shown potential for 
increasing muscle mass, making it an attractive target for medical and agricultural 
applications. This study aimed to identify potent inhibitors specific to the activin type IIB 
receptor (ActRIIB), a critical component of the MSTN signaling pathway, through molecular 
docking. A library of 3,206 compounds sourced from the ZINC 20 database was screened 
using AutoDock VinaXB software. Remarkably, 36 FDA-approved drugs displayed higher 
binding affinities for ActRIIB than the reference ligand GW788388. For this purpose, we 
selected the top four compounds showing the highest magnitude of binding strength to 
inspect intermolecular interactions within the ActRIIB binding site. It was found that the four 
candidate compounds could form a stable complex with ActRIIB, mostly via hydrophobic 
interactions. Some common interacting residues were found in accordance with the binding 
of a well-known ActRIIB inhibitor (GW788388) including TYR60, TRP78, and PHE101, 
suggesting a similar pattern of binding mode towards the ActRIIB receptor. From the in silico 
study, the four compounds identified here might be promising candidates for repurposing as a 
supplement to increase myogenic cell differentiation. However, experimental evaluation of 
screened compounds should be further conducted to validate the computational prediction 
and their biological activities. 
 
Introduction:  

Myostatin (MSTN) is a member of the transforming growth factor-β (TGF-β) 
superfamily, recognized as a negative regulator of myogenic differentiation and playing a 
pivotal role in inhibiting muscle growth. Upon activation of MSTN, satellite cells are induced 
into a quiescent state, subsequently leading to the upregulation of muscle-specific ubiquitin 
ligases, resulting in a decrease in muscle mass [1, 2]. In murine models, inhibition of MSTN 
has been reported to significantly increase muscle mass [3]. The activation of the MSTN 
signaling pathway initially occurs through the binding of MSTN, along with activin A 
(ActA), to the activin type IIB receptor (ActRIIB). This interaction leads to the 
phosphorylation of Smad2, inducing satellite cells to enter the quiescence stage. 
Phosphorylation of Smad2 also results in the dephosphorylation of FOXO3a, subsequently 
activating the transcription of E3 ubiquitin ligases, MuFR1, and Atrogin1. These ligases, in 
turn, lead to muscle degradation and the development of Cachexia. Conversely, when 
MSTN/ActA signaling is blocked, it reduces phosphorylated Smad2 levels, promoting muscle 
hypertrophy and the reversal of the cachexia [2]. Many studies tried to regulate the myostatin 
signaling pathway for medical treatment or agriculture applications. Previous studies have 
demonstrated the use of antibody-based drugs, MIF1/MIF2 peptide inhibitors, Vitamin D, 
and natural compounds (e.g., sulforaphane) to modulate the MSTN signaling pathway for the 
increase of myogenic differentiation [1, 4-7].  
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 Molecular docking, a structure-based computational methodology employed for 
compound screening, originating after the discovery of crystallographic protein structures. 
The fundamental concept behind molecular docking is the precise placement of a small 
molecule, acting as a ligand, into a binding site of macromolecular targets, facilitating the 
identification of potentially active compounds [8, 9]. These ligands, integral to the molecular 
docking process, can be readily sourced from various databases, such as ZINC and PubChem 
[9] and 3D protein structures can be retrieved from the available database, the RCSB Protein 
Data Bank (PDB) [10]. 
 Therefore, in this study, we employed molecular docking as a computational approach 
to search for highly effective inhibitors that specifically bind to ActRIIB, a pivotal 
component in regulating the MSTN signaling pathway. We screened a library comprising 
3,206 compounds, which has been sourced from the ZINC 20 database 
(http://zinc.docking.org). Compared to a well-known inhibitor (GW788388), the compounds 
showing a higher binding affinity were selected as “hits”, which tend to bind to ActRIIB. 
Finally, this study is considered an initial important step in identifying potential compounds 
promoting myogenic differentiation and could be useful guidance for further biochemical 
investigations.  
 
Methodology:  
Ligand preparation 

A total of 3,206 FDA-approved drugs from the ZINC 20 database were selected for 
utilized as a ligand library in molecular docking studies for screening potential inhibitor 
drugs targeting negative regulators of myogenic differentiation [11]. The drugs retrieved from 
the ZINC 20 database (http://zinc.docking.org) are in ‘mol2’ format, which was subsequently 
converted to ‘pdbqt’ format for the screening step using AutoDockTools software to prepare 
the format for using in AutoDock VinaXB. GW788388 which is the compound that has been 
reported the activity to inhibit Activin type IIB receptor (ActRIIB) in vivo and in vitro was 
used as a reference ligand for molecular docking [12]. The chemical structure of the 
GW788388 was drawn and prepared in the ‘mol2’ format using MarvinSketch. 

 
Protein Structure Preparation 
 The RCSB Protein Data Bank (PDB) is the database that collects protein structures 
derived from various methods, including X-ray diffraction. The three-dimensional structure 
of the ActRIIB in complex with its antibody inhibitor Bimagrumab was retrieved from the 
PDB (PDB ID: 5NGV) [4]. Bimagrumab, the inhibitor, was used to identify the binding site 
of the ActRIIB focusing on the frequently bound amino acid (GLU52, LYS55, TRP78, 
ASP80, PHE82, ASN83, and PHE101). 
 
Molecular Docking 
 AutoDock VinaXB, one of the common freeware molecular docking software 
programs operating under the Linux operating system, was used in the molecular docking 
step to screen the compounds from the ligand library and predict the interaction (binding 
energy) between each compound and protein targets [10, 13]. GW788388, a known inhibitor 
of ActRIIB, was redocked to the binding site, which had X, Y, and Z coordinates of 11.48, 
17.68, and 25.61, respectively, while the box size was set to 20 Å for all dimensions and used 
as a reference molecule. The binding energy of each compound was then ranked to select 
their potential to strongly bind to the protein target and act as an inhibitor compared to 
GW788388 as a reference molecule. 
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Results and Discussion:  
To rapidly screen potential compounds capable of inhibiting ActRIIB, 3,206 FDA-

approved drugs were retrieved and subjected to docking-based virtual screening to observe 
and rank the binding strength termed “binding energy” in comparison to a well-known 
inhibitor (GW788388). The three-dimensional structure of ActRIIB in complex with 
Bimagrumab derived from the protein databank (PDB ID: 5NGV) was illustrated in Figure 
1a. To identify the crucial amino acids responsible for the antibody binding, the frequency of 
interactions between Bimagrumab and ActRIIB, including hydrogen bond, hydrophobic, and 
electrostatic interaction was analyzed and shown in Figure 1b. It can be observed that the 
most frequently bound amino acids include GLU52, ASP54, LYS55, TRP78, ASP80, 
PHE82, ASN83, and PHE101. Accordingly, we set the most frequently bound residues as the 
docking site for virtual screening. Before conducting molecular docking, we validated the 
docking protocol by redocking the known inhibitor into the identified docking site as shown 
in Figure 2a and inspecting the pattern of molecular recognition with the amino acids as 
illustrated in Figure 2b. We found that the residues including LYS74, TRP78, LEU79, and 
Phe101 interacted with GW788388, which corresponds to the residues having a high 
frequency of intermolecular interactions with the previous crystalized antibody (TRP78 and 
PHE101). This indicates that the grid box was set appropriately, and the docking protocol 
verified the reliability of the docking run.  

 

 
 
 

Figure 1. (a) Crystallized structure of ActRIIB together with antibody inhibitor, Bimagrumab 
(b) Frequency of interactions between each ActRIIB residue and the antibody inhibitor 

421



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

 
 

Figure 2. (a) 3D-Structure of Activin type II B receptor with the GW788388, a known 
inhibitor of ActRIIB [14] visual by ChimeraX 1.6.1 (b) 2D-Interaction between ActRIIB and 

GW788388 displayed in different colors using  Discovery Studio Visualizer 
 

For the first-round screening, a total of 3,206 compounds from an FDA-approved 
drug library were ranked according to the predicted binding energy. As shown in Figure 3, 
there were 36 compounds exhibiting a lower binding energy value when compared to 
GW788388 (-7.6 kcal/mol). To this end, the top 10 compounds in which the binding energy 
was in the range of -9.5 to -8.1 kcal/mol were selected to analyze intermolecular interactions 
compared to GW788388 (Figure 4a). 

 

 
 
Figure 3. The binding energy of 3,206 compounds from an FDA-approved drug library. The 

reference line is the binding energy of GW788388 (-7.6 kcal/mol). 
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Apart from the binding energy, the molecular recognition in terms of non-covalent 

interactions was inspected. It is well-established that noncovalent interactions play a crucial 
role in ligand binding. Compounds that demonstrate strong interactions, both qualitatively 
and quantitatively, are more likely to possess enhanced binding potential, leading to the 
formation of stable complexes [15, 16]. For this purpose, we selected only the top 4 
compounds (compounds A-D) to examine the binding interaction analysis. As illustrated in 
Figure 4b, there are three types of non-covalent interactions including hydrogen bonds, 
hydrophobic, and electrostatic interaction that are responsible for the compound binding. 
There were four interactions with compound A including TYR60, TRP78, PHE101, and 
CYS103. In the case of compound B, the interactions with CYS77, LEU79, and ASN83 were 
observed. Moreover, interactions with compound C were observed in the highest numbers 
including TYR31, TYR60, TRP78, LEU79, ASN83, and CYS103, whilst compound D 
interacted with five residues TYR60, TRP78, THR93, PHE101, and CYS103.  

Subsequently, we listed the interactions of all screened compounds and GW788388 to 
observe the commonly bound amino acids. As illustrated in Table 1, we found some common 
amino-acid residues including TYR60, TRP78, LEU78, and PHE101 in the binding of almost 
all selected candidates and GW788388. Interactions of inhibitors with TYR60, TRP78, and 
PHE101 are necessarily required since these residues were reported as a centralized 
hydrophobic triad that ActRIIB used to engage the ActA and GDF11 [17]. Thus, compounds 
disrupting these interactions may be “effective ActRIIB inhibitors” and these residues are 
considered “hotspots” for inhibitor binding that could be used to guide further rational design 
of more potent inhibitors.  
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 Figure 4. (a) Map of intermolecular interactions of ActRIIB and top 10 screened candidates 
in comparison to GW788388. Each type of noncovalent interaction was also illustrated in 

different colors (b) 2D-Interaction for docking analysis of compounds A, B, C, and D 
displayed in Discovery Studio Visualizer  

 
Conclusion:  

This study screened 3,206 compounds from the FDA-approved drugs accessible in the 
ZINC database and found that the 4 FDA-approved drugs exhibited higher binding affinities 
than GW788388 and formed a stable complex with ActRIIB. Moreover, most compounds 
demonstrated interactions with crucial amino acids including TYR60, TRP78, and PHE101 
that ActRIIB uses to engage its normal substrates, indicating the potential of being successful 
ActRIIB inhibitors. These findings could accelerate the discovery of potential compounds 
disrupting ActRIIB biological function that may provide beneficial outcomes in promoting 
myogenic cell differentiation. However, experimental validations especially in cell-based 
assays will be necessary to evaluate the potency of the screened candidates.   
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Abstract:  

Culture meats are produced by in vitro animal cell culture with a mixture of nutrients 
and growth factors. Promoting cell proliferation requires high-cost growth supplements, which 
pose an issue for practical use. One of the proven strategies is to use small molecules to inhibit 
the protein signaling cascade of the Wnt pathway. Herein, we focused on the novel discovery 
of the glycogen synthase kinase 3 beta (GSK3β) inhibitors by using an in silico molecular 
docking approach. From 3,208 compounds, we found that four compounds (compounds A-D) 
exhibited higher binding affinity when compared to a well-known GSK3β inhibitor 
(CHIR99021). The binding mode analysis revealed that these four compounds carried 
sufficient interactions with commonly interacting residues including Phe67, Val70, and 
Cys199. From the line of binding energy and intermolecular interactions, the four compounds 
identified here might be viable candidates to promote myogenic cell proliferation. However, in 
vitro experiments are further required to evaluate the candidate compounds as a growth-
promoting supplement in lab-scale cultured meat production.  
 
Introduction:  

The traditional method of meat production requires a significant amount of resources, 
contributes to negative environmental effects such as greenhouse gas emissions, raises concern 
about animal welfare, and is associated with several public health issues, including the potential 
for animal-transmitted pandemics and antibiotic resistance [1]. According to the increasing 
global population, demand for meat is predicted to rise significantly [2]. One proposed solution 
to reduce meat consumption is the development and utilization of culture meat, which can be 
produced from animal cells without animal slaughter [3]. Cultured meat, also known as lab-
grown or cell-based meat, is meat produced by culturing animal cells using tissue engineering 
techniques. Cultured meat reduces greenhouse gas emissions, land usage, concerns about 
animal welfare, and animal suffering by using a smaller number of animals [4, 5]. Additionally, 
culture meat can decrease contamination from animal epidemics [6]. Satellite cells, which can 
be differentiated into muscle fibers, are a key component of cultured meat [7]. To begin, 
culturing meat has two stages: proliferation and differentiation. The goal of the proliferation 
phase is to increase the number of doubling of cells before they differentiate into muscle cells. 
These cells are then placed in a bioreactor and multiplied. They are then placed in a matrix or 
scaffold where they develop into muscle fibers and tissue [8]. However, enhancing the 
proliferation rate and maintaining satellite cells are some of the challenges in cultured meat 
production. 

A previous study investigated the effects of GSK3β inhibition on porcine muscle 
satellite cells, which showed that inhibiting GSK3β could be a promising method for promoting 
porcine muscle satellite cell proliferation and survival in vitro [9]. Glycogen synthase kinase 
(GSK3) is a serine/threonine protein kinase that was initially investigated for its role in 
glycogen synthase regulation. There are 2 isoforms of GSK3 expressed in mammals which are 
GSK3α (51 kDa) and GSK3β (47 kDa) [10]. GSK3 is currently known to play a critical role in 
various processes, including protein synthesis initiation, cell proliferation, differentiation, and 
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apoptosis, and it is required for embryonic development as a component of the Wnt signaling 
pathway [11]. Accordingly, inhibition of GSK3β is highlighted as an attractive approach in 
many applications, owing to its potential to modulate key cellular processes and its 
involvement in critical signaling pathways [12]. The previous study showed that CHIR99021 
(GSK3 inhibitor) inhibits GSK3 and enhances mouse embryonic stem cells (mESC) self-
renewal via stabilizing cytoplasmic β-catenin, a key component of the canonical Wnt signaling 
pathway [13]. The data show that inhibiting GSK3β is a promising protein target for enhancing 
proliferation, and thus, some studies have tried to find ligands that can interact with the GSK3β 
[14] and inhibit its function which could be highlighted as an attractive approach for many 
applications. 

One approach that can be considered for identifying novel inhibitors for GSK3β is the 
use of in silico methods. Molecular docking is one of the computational-based techniques that 
is widely used in the molecular biology field and drug discovery. Molecular docking is used to 
predict the binding energy of protein-ligand complexes and rank the candidate compounds in 
an accelerated manner [15]. In this study, we used the model of GSK3β in complex with 
CHIR99021 (PDB ID: 5HLN) retrieved from Protein Data Bank (PDB) as a protein target, and 
3,208 compounds which are the FDA-approved drug were obtained from the ZINC 20 database 
as ligand inputs. All ligands were docked against the GSK3β binding pocket and were carried 
out using AutoDock VinaXB to rank potential inhibitor(s) according to the predicted binding 
energy from its scoring function. The objective of this study was to rank potential inhibitors 
based on their predicted binding energies derived from the scoring function of AutoDock 
VinaXB. In summary, this study provides a significant impact by identifying novel GSK3β 
inhibitors, which can serve as a starting point for future research and applications in various 
fields. 
 
Methodology:  
Ligand preparation 

A total of 3,204 reported Food and Administration (FDA)-approved drugs were 
retrieved from the ZINC database (http://zinc.docking.org) for use in performing molecular 
docking studies to screen and identify potential inhibitors of FDA-approved drugs, specifically 
GSK3β. Subsequently, the mol2 file was converted into PDBQT format using AutoDockTools 
(ADT) [16]. 
 
Protein structure preparation 

The GSK3β complex with the known inhibitor (PDB ID: 5HLN) was obtained from the 
Protein Data Bank (PDB), accessible at https://www.rcsb.org/, a database for the 3D structure 
of biological molecules, including proteins or nucleic acids, retrieved through various methods, 
including X-ray crystallography. To prepare the free protein, BIOVIA Discovery Studio 2017 
was used to eliminate all ligands, ions, and hydrogen molecules. Subsequently, the mol2 file 
was converted into PDBQT format using AutoDockTools (ADT) [16]. 
 
Molecular docking  

Molecular docking approaches were used to identify possible binding targets to 
understand inhibitory actions at the atomic level. The binding affinity concerning the predicted 
binding energy of candidate inhibitors and a target protein was examined and compared to 
reference ligands. Firstly, docking was performed with a reference molecule of the target 
protein to validate the docking protocol [17]. The grid box size was set to 20 Å×20 Å×20 Å 
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with its center at position x = 72.172469, y = -4.444281, and z = 4.884406. After validation of 
the docking protocol, molecular docking was performed using AutoDock VinaXB software, 
which is operating under the Linux operating system. Autodock VinaXB’s scoring can better 
describe non-standard interactions such as halogen bonding and other non-covalent bonding 
[18]. The result of binding energy was extracted from the software. The scoring function is 
capable of filtering and ranking with the lowest-ranked binding affinity. Finally, the results of 
intermolecular interactions will be visualized by BIOVIA Discovery Studio 2017. 
 
Results and Discussion:  

According to a previous study, it was shown that inhibition of GSK3β by CHIR99021 
could promote cell proliferation and suppress apoptosis. Therefore, in this study, we performed 
docking-based virtual screening to select potential drugs that are capable of inhibiting GSK3β 
[9]. Prior to screening, the docking protocol was validated by re-docking the reference 
molecule (a well-known GSK3β inhibitor, CHIR99021) into the binding pocket of the GSK3β 
structure. As seen in Figure 1a, the redocked pose of CHIR99021 was well overlapped with 
the crystalized pose, indicating the validation of docking parameters being used. Then, the two-
dimensional structure and interactions (Figure 1b) were also visualized by using BIOVIA 
Discovery Studio 2017. We found that CHIR99021 interacted with several residues and formed 
(1) three hydrogen bonds with Asp133, Tyr134, and Val135, (2) four hydrophobic interactions 
with Ile62, Phe67, Val70, and Ala83, and (3) electrostatic interactions with Cys199.  

Subsequently, all 3,208 compounds from the FDA-approved drugs database were 
automatically docked into the binding site of GSK3β using Autodock VinaXB. For a first-
round screening, we utilized the binding energy predicted from the Autodock VinaXB scoring 
function as a main parameter. It was obvious that the compounds showing low binding energy 
are likely to effectively inhibit the protein targets in an in vitro assay [19]. As illustrated in 
Figure 2, there were four hundred compounds displaying lower binding energy when compared 
to CHIR99021. For this purpose, we selected only the top four compounds (table 1) 
representing as compound A-D for further investigation. The binding energy for compound A, 
compound B, compound C, and compound D with GSK3β was -12.9, -12.4, -12.1, and -11.5 
kcal/mol, respectively while CHIR99021 was -9.3 kcal/mol.  

 

 
 

Figure 1. (A) Superimposition of the redocking pose (magenta) and the ligand pose in the co-
crystal structure (cyan). The receptor, GSK3β is shown in cartoon representation and is colored 
dark grey. (B) A 2D diagram of binding mode.
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Figure 2. Virtual screening of 3,208 compounds in comparison to known inhibitor, 

CHIR99021, in the red line. 
 
Apart from binding energy prediction, we then inspected the compounds’ binding mode 

in terms of intermolecular interactions. Note that all interactions were visualized by using 
BIOVIA Discovery Studio 2017.  As observed in Figure 3, all the top compounds could form 
a stable complex by the ensembles of non-covalent interactions (H-bond, hydrophobic, 
electrostatic, and halogen bond), and shared some common amino-acid residues to CHIR99021 
including Phe67, Val70, and Cys199 (Figure 3A). These findings indicated that the compounds 
were docked to a similar site occupied by CHIR99021 and tended to be able to inhibit GSK3β. 
Specifically, compound A formed a hydrogen bond with Gln185 and five hydrophobic 
interactions with Phe67, Val70, Lys85, Tyr140, and Cys199 (Figure 3B). Compound B forms 
a hydrogen bond and a halogen bond with Val135 and shows eight hydrophobic interactions 
with Ile62, Phe67, Val70, Ala83, Leu132, Leu188, and Cys199 (Figure 3B). Compound C does 
not form any hydrogen bonds while it shows hydrophobic interactions with Phe67, Val70, 
Ala83, Lys85, Leu188, and electrostatic interactions with Cys199 (Figure 3B). Compound D 
does not form any hydrogen bonds while showing eight hydrophobic interactions with Phe67, 
Val70, Ala83, Lys85, Val110, Leu132, Leu188, and Cys199 (Figure 3B). The interacting 
residues corresponded to the previous studies of GSK3β inhibitors including NPD13432 [13], 
LY-2090314 [20], cpd1 [14], and SB216763 [14]. For instance, it was reported that NPD13432 
bound to the binding pocket of GSK3 and could form interactions with Lys85, Asp133, Tyr134 
Val135, Pro136, Leu188, Cys199, and Asp200 with a docking affinity of -8.7 kcal/mol. In 
addition, a candidate compound identified by molecular docking could promote self-renewal 
in mouse embryonic stem cells (mESCs) evaluated by an in vitro assay, highlighting the 
consistent and productive roles of the computational docking model that accelerated the 
discovery of novel GSK3 inhibitors [13]. Altogether, the computational model was successful 
in guiding the selection of compounds as a growth-promoting supplement and the compounds 
identified here were considered promising candidates for further studies in biochemical 
experimentation. 
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Figure 3. (A) Docking-based virtual screening of four candidate compounds in comparison 
to the known drug, CHIR99021. (B) 2D representation for docking analysis of (a) compound 

A, (b) compound B, (c) compound C, (d) compound D. 
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Conclusion:  
This study aimed to investigate novel inhibitors against GSK3β from a library of 3,208 

FDA-approved drugs by molecular docking. Based on the binding energy prediction and 
molecular recognition analysis, we proposed that compounds A, B, C, and D could be able to 
effectively bind to the GSK3β binding site. In particular, hydrophobic interactions (Pi-Sigma, 
Pi-Pi T-shaped, and Pi-Akyl) were the main forces driving the protein-inhibitor complex 
formation, and residues including Phe67, Val70, and Cys199 were found to be “hotspot” for 
all hit compounds’ binding and CHIR99021.  Taken together, our finding suggests that the four 
candidate compounds have the potential to be used in developing a novel and cost-effective 
medium which can be applied in cultured meat production. However, further investigations, 
including molecular dynamics simulations and cell-based assays, were necessarily required. 
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Abstract:  

Campylobacter jejuni is a gram-negative bacterium commonly found in animal 
intestines and has emerged as a major global foodborne pathogen, causing severe enteric 
diseases in humans. The increasing prevalence of antibiotic resistant C. jejuni strains raises 
significant concerns. In response, this study focuses on isolating and comprehensively 
characterizing lytic bacteriophages that specifically target C. jejuni, particularly antibiotic-
resistant isolates sourced from Thai Chicken farms. Among the isolated bacteriophages, 
ΦCJ1 displayed remarkable infectivity against sensitive host strains.  Host range 
determination revealed its narrow specificity, primarily infecting C. jejuni isolates M-352 and 
M370 while demonstrating no activity against C. coli or other related bacterial species. 
Additionally, another notable phage, ΦCJ2, exhibited distinct infectivity patterns against a 
broader range of C. jejuni isolates, thereby expanding and diversifying the repertoire of 
isolated phages. The stability of phages was determined by pH and thermal stabilities. The 
results indicated that the phage exhibited significant resilience across a wide temperature 
spectrum. Nevertheless, it is important to highlight that the percentage of infectivity 
decreased with rising temperatures. Regarding pH stability, the phages displayed their 
maximum infectivity at pH 7, while infectivity was entirely lost at pH levels 1–3. 
Transmission Electron Microscopy (TEM) elucidated the structural characteristics of ΦCJ1, 
confirming their classification within the Caudovirales order, Siphoviridae family. These 
isolated Campylobacter bacteriophages hold promise as a strategic intervention to target 
Campylobacter colonization in the poultry gastrointestinal tract. This breakthrough not only 
addresses the challenges posed by antibiotic resistant strains but also paves the way for the 
development of effective treatments against Campylobacter infection, enhancing overall 
control measures in the poultry industry. 
Keyword: Campylobacter jejuni, Antibiotic resistance, Bacteriophage, Alternative treatment. 
 
Introduction:    

 Campylobacter jejuni, a leading cause of bacterial gastroenteritis worldwide, is often 
contracted through the consumption of undercooked poultry, unpasteurized milk, and 
contaminated water, resulting in symptoms such as diarrhea, abdominal cramps, fever, and 
vomiting (1). The widespread prevalence of this pathogen places a significant burden on 
public health systems, especially considering its impact on campylobacteriosis, a major 
public health concern in countries like the United States (2). This concern is underscored by 
the significant number of cases, hospitalizations, and some instances,  fatalities it generates 
annually (3). Additionally, Campylobacter infections can result in long-term health 
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consequences, with a notable percentage of patients at risk of developing severe 
complications like Guillain-Barré syndrome, a rare but debilitating neurological disorder (4). 
Consequently, controlling C. jejuni infections is of paramount importance. Economically, the 
impact of C. jejuni extends beyond healthcare costs (5). In the chicken industry of Thailand, a 
major poultry exporter, the presence of C. jejuni can disrupt export opportunities due to strict 
regulations on food product contamination in importing countries (6). This leads to 
substantial revenue losses, affecting the entire poultry sector. Product recalls are another 
consequence of detecting C. jejuni in chicken products. Not only are these recalls costly, but 
they also damage the reputation of poultry producers and processors, impacting consumer 
trust, sales, and market share. These factors emphasize the importance of comprehensive 
control measures and food safety practices to address the challenges posed by C. jejuni in the 
chicken industry (6). The transfer of C. jejuni from the chicken industry to humans poses a 
significant challenge to food safety and public health. This bacterium frequently establishes 
itself in the gastrointestinal tracts of chickens, and infected chickens may not display obvious 
signs of illness, complicating the detection of affected flocks (7). Contamination of poultry 
products can occur as the bacteria from the chicken's gastrointestinal tract spreads to the 
meat's surface. This contamination can result from contact with feces, contaminated 
equipment, or cross-contamination between birds. Ready-to-eat products like chicken cuts, 
ground chicken, and processed poultry items are particularly at risk for carrying C. jejuni (8). 

In the treatment of C. jejuni infection, the choice of antibiotics depends on various 
factors, including the patient's age, overall health, the severity of the infection, and local 
antibiotic resistance patterns (4). Commonly prescribed antibiotics for C. jejuni infection 
include macrolides and fluoroquinolones. Macrolides, such as erythromycin and 
azithromycin, are often the first-line antibiotics for campylobacteriosis, known for their 
effectiveness against C. jejuni and lower antibiotic resistance rates. Fluoroquinolones, like 
ciprofloxacin, can also be effective in treating C. jejuni infections but carry an increased risk 
of antibiotic resistance. According to antibiotic resistance, C. jejuni displays resistance to 
various antibiotics, such as fluoroquinolones, macrolides, and tetracyclines, with mechanisms 
arising from genetic mutations or the acquisition of resistance genes. Misuse and overuse of 
antibiotics in human medicine and agriculture contribute to widespread resistance in 
Campylobacter species. Specific antibiotics like ciprofloxacin and erythromycin face 
increasing resistance in C.  jejuni. Tetracycline resistance is also a concern, and some strains 
carry genes conferring resistance. The emergence of multidrug-resistant strains complicates 
treatment options. Efforts to tackle antibiotic resistance involve surveillance, prudent 
antibiotic use, and measures to reduce agricultural antibiotic use. Ongoing research explores 
alternative treatments and the development of new antibiotics to address the challenges posed 
by antibiotic-resistant Campylobacter infections (9).  

Bacteriophage therapy, also known as phage therapy, offers a potential alternative for 
the treatment of bacterial infections (10). It utilizes bacteriophages, which are viruses with a 
high specificity for infecting and killing bacteria. An advantage of bacteriophage therapy is 
that bacteriophages can self-replicate, meaning a small quantity can continue to replicate and 
combat bacteria even after the initial treatment. This research lays the groundwork for the 
study's emphasis on isolating and characterizing lytic bacteriophages specific to C. jejuni, 
particularly those sourced from Thai chicken farms. With the ultimate goal of advancing our 
understanding and addressing the challenges posed by C. jejuni in the context of food safety 
and public health, this work holds implications for the development of effective interventions 
in the poultry industry. 
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Methodology:  
Sample collection and phage enrichment 

Retail chicken portions were purchased from at least 10 different supermarkets based 
on distinct product bar codes and processing unit numbers. The animal-feces contaminated 
soil samples were collected from Chonburi and Chanthaburi Province. During transportation, 
the samples were maintained at a temperature of 4°C in an anaerobic jar with a gas pack, 
creating microaerophilic conditions. The portions were collected from four different 
producers. Swabs were soaked in Maximum Recovery Diluent (Oxoid code CM733; 
Basingstoke, United Kingdom) and were used to wipe a 10 cm2 area of the chicken skin. 
These swabs were then utilized to inoculate 200 μl of a 24-hour culture of a mixture of 50 
isolates of C. jejuni. The mixtures were cultured at 42°C for 24 hours under microaerobic 
conditions (5% O2, 5% H2, 10% CO2, 80% N2). After incubation, the supernatant of the 
mixture was considered to contain phage particles. Bacterial cells were separated from the 
culture by centrifugation at 5,000 x g for 15 minutes at 4°C. The supernatant was collected, 
filtered using sterilized using a 0.22 μm pore size syringe-driven filter unit (Millipore), and 
stored at 4°C (11). 

Chicken intestinal samples were divided into five sections. Subsequently, 10 g of each 
section was suspended in Salt-Magnesium (SM) buffer and 2x NXCYM broth supplemented 
with 10 mM MgCl2 and 1M CaCl2. Next, 200 μl of a 24-hour culture of 50 isolated strains of 
C. jejuni was added to the mixture and incubated for 24 hours under microaerophilic 
conditions at the optimal temperature of 42°C to facilitate phage enrichment. Following 
incubation, the supernatant of the mixture was considered to contain phage particles. 
Bacterial cells were separated from the culture by centrifugation at 5,000 x g for 15 minutes 
at 4°C. The supernatant was filter sterilized using a 0.22 μm pore size syringe-driven filter 
unit (Millipore) and stored at 4°C. 
 
High throughput screening of bacteriophage against C. jejuni 

The high-throughput screening method was performed in 96-well microtiter plates as 
described below. Each C. jejuni isolate was cultured in NZCYM broth and incubated 
overnight at 42°C under microaerophilic conditions. A volume of 180 μl of each C. jejuni 
culture was added to the X-axis of the 96-well plate. Conversely, 20 μl of the candidate phage 
solution obtained from the phage isolation process was added to the Y-axis of the 96-well 
plate. The mixture of each C. jejuni isolate and phage solution was then measured the initial 
optical density using a microplate reader at OD600 and was incubated overnight at 42°C under 
microaerophilic conditions. After overnight incubation, viable bacterial cell density was 
measured using a microplate reader at OD600.  The relationship between the OD600 values 
before and after the phage challenge was compared and plotted on a graph (1). 

 
Detection of lytic phage specific to C. jejuni by plaque forming assay 

To detect lytic phages specific to C. jejuni, each C. jejuni isolate was inoculated into 3 
ml of NZCYM broth and incubated at 42°C under microaerophilic conditions for 24 hours. 
Subsequently, 1.5 ml of each C. jejuni isolate was transferred to 3 ml of 0.6% molten TY 
agar (top layer) and was immediately overlaid onto 1.5% BHI agar (bottom layer). The agar 
plates with a double layer were allowed to stand for 15 minutes to solidify. To confirm the 
presence of phages in the phage solution obtained from phage isolation, 10 μl of the enriched 
supernatant was spotted on a lawn of the C. jejuni indicator strain. Following a 12-hour 
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incubation at 42°C under microaerophilic conditions, the formation of plaques or zones of 
inhibition where the supernatant was spotted would indicate the presence of lytic phages (12).  

 
Detection of lytic phage specific to C. jejuni by overlay assay 

For the detection of lytic phages specific to C. jejuni, each of C. jejuni isolate was 
added to 3 ml of NZCYM broth and were cultured for 24 hours at 42°C under 
microaerophilic conditions. Subsequently, 100 μl of the phage solution was combined with 
1.5 ml of each C. jejuni culture. This mixture was then added to 3 ml of 0.6% molten TY agar 
(top layer) and was immediately overlaid onto 1.5% BHI agar (bottom layer). The plate was 
allowed to stand for 10 minutes to solidify. Subsequently, the double-layer plates were 
incubated at 42°C under microaerophilic conditions (12). 
 
Phage propagation 
 The C. jejuni host strains were cultured in NZCYM broth and were incubated at 42 °C 
overnight under microaerophilic conditions to increase the number of bacteriophages. After 
that, the mixture of 1.5 ml of C. jejuni isolates and 100 μl phage solution was transferred to 3 
ml of 0.6% molten TY agar (top) containing 10 mM MgCl2, and 1 mM CaCl2 and was 
immediately overlaid on the 1.5% BHI agar (Bottom). The plate was stood for 15 minutes for 
solidification. Next, the plaques that derive from the overlay assay were added with 2 ml of 
SM buffer. Then, using a bent sterile pasture spreader, they were loosened, and the phage was 
harvested by scraping off the top of the double-layer agar, transferring the dense 
bacteriophage to the beaker, and vortexing thoroughly with a stirrer (13). 
 
Phage purification 

The culture that derived from the last step of phage propagation was centrifuged at 
5,000 x g, 4 °C for 15 minutes to remove 0.6 % soft TY agar-containing bacteria. The 
supernatant was collected, and 1M NaCl and 10 % (v/v) PEG was added. Then, the solution 
was kept at 4°C for overnight. After that, the solution was centrifuged at 15,000 x g, 4 °C for 
15 minutes. The pellet was collected and resuspended by 1 ml of SM buffer. This solution 
was centrifuged at 15,000 x g, 4  °C for 15 minutes. The supernatant was filtered through a 
0.45 μm syringe filter. The purified phage solution was kept at 4°C (14). 

 
Measurement phage titer 

C. jejuni isolates were cultured in NZCYM broth and were incubated at 42 °C  
overnight under microaerophilic conditions. 1.5 ml of C. jejuni isolates were transferred to 3 
ml 0.6% molten TY (top) containing 10 mM MgCl2, and 1 mM CaCl2 and were immediately 
overlaid on the 1.5% BHI agar (Bottom). The plate was stood for 15 minutes for 
solidification. Phage was incubated at 42 °C overnight under microaerophilic conditions (15). 
The plaque was observed and counted by using the following formula 

 

 
Host range determination  

The spot test analysis was conducted to determine the host range of the obtained 
phages. 37 Antibiotic resistant C. jejuni isolates (Table 1) were tested with the isolated phage, 
along with other Campylobacter species such as 7 strains of C. coli. (16). 
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Phage morphology observation by TEM 
 The phage samples were stained with 2% uranyl acetate, serving as the negative stain 
for TEM observation. The 300-mesh formvar-carbon coated grid was induced to the 
hydrophilic property by high voltage glow discharge. Two methods were employed for 
discharging the grids. In the first method, the grid was glow discharged with argon gas for 30 
seconds using the Q150R rotary-pumped sputter coater. Alternatively, the grids were exposed 
to UV radiation for 20 minutes, with the grid positioned nearest to the UV lamp. 
Subsequently, 10 µl of the phage solution sample was added to the carbon side of the grid 
and allowed to stand for 2 minutes for the phage to be absorbed into the grid. The filter paper 
was ripped into small pieces and used to remove the remaining phage lysate, with the edge 
side of the filter absorbing liquid until the grid got damp. The phage absorbed grid was 
immersed in 10 µl of 2% uranyl acetate deposited on parafilm for 1 minute for staining the 
phage sample. Subsequently, filter paper was used to remove the 2% uranyl acetate. The grid 
was left at room temperature for 15 minutes before TEM observation. Phage morphology was 
examined under TEM (Tecnai T20 G2) with an accelerating voltage of 120 kV. A Gatan CCD 
camera, along with Digital Micrograph analysis software, was employed to capture the digital 
image (17). 
 
pH and thermal stability of bacteriophage 

To determine the ability of C. jejuni phage to survive  under various conditions of pH, 
100 l of phage lysate was mixed with 900 l of SM buffer in a pH range of 2-10 and 
incubated at 42 °C overnight under microaerophilic conditions. For temperature stability, 50 
l of phage lysate was incubated for 1 hour at different temperatures including 4, 20, 25, 30, 
37, 42, 50, and 60 °C. After incubation, the infectivity of phage in each of the mixtures was 
determined by using plaque forming assays. (16). 
  
Results and Discussion:  
 The systematic isolation of phages in this study involved an extensive sampling 
encompassing a variety of environmental sources, specifically animal-feces contaminated soil 
samples, chicken intestines, and chicken meat procured from both fresh markets and 
supermarkets. This approach was designed to ensure a diverse pool of potential phages 
targeting antibiotic resistant C. jejuni isolates. The isolation process involved a meticulous 
screening methodology utilizing the phage enrichment method, with a focus on 37 distinct 
antibiotic resistant C. jejuni isolates. This targeted approach aimed to identify phages with the 
potential to combat antibiotic resistance, a critical issue in the context of C. jejuni infections. 
Upon comprehensive screening, two samples derived from chicken intestines, sourced from 
both fresh markets and supermarkets, exhibited positive results in the plaque forming assay 
against the host isolates of C. jejuni. These findings led to the isolation and subsequent 
purification of two distinct phages designed as ΦCJ1 and ΦCJ2. The activity of ΦCJ1 was 
particularly noteworthy as it demonstrated effectiveness against two C. jejuni isolates, M-352 
and M-370 (Fig. 1 and Table. 1). Of significance is the fact that C. jejuni M-352 is a 
multidrug resistant strain, underscoring the potential of ΦCJ1 in addressing antibiotic 
resistant strains of C. jejuni. Conversely,  ΦCJ2 demonstrated clear activity against a broader 
spectrum activity, targeting five C. jejuni isolates including A-523, A-527, A-533, B-174, and 
M-370 (Fig. 2 and Table. 1). This broader range of efficacy suggests that ΦCJ2 may have a 
more diverse host range or possess mechanisms that allow it to combat a variety of C. jejuni 
strains, making it a promising candidate for therapeutic applications. 
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 Moreover, an additional noteworthy observation was made when equal proportion of 
isolated phages were used in the plaque assay. Higher numbers of plaque-forming units 
(PFUs) were observed from ΦCJ2 compared to ΦCJ1. This result indicates that ΦCJ2 
exhibits higher infectivity or a more efficient replication cycle, potentially contributing to its 
increased efficacy. The implications of this finding extend to the practicality of phage-based 
therapies, suggesting that ΦCJ2 may require lower doses for effective treatment, which could 
enhance its feasibility in clinical applications.  
 The broader spectrum of activity displayed by ΦCJ2 against multiple C. jejuni 
isolates, along with its heightened infectivity as reflected in 1x105 PFU counts, designates it 
as a promising candidate for further exploration in the realm of phage therapy. The increased 
infectivity observed in ΦCJ2 prompts a need for deeper investigations into the potential 
mechanisms behind this enhancement, offering valuable insights for optimizing its 
therapeutic application. These findings contribute significantly to the expanding knowledge 
of phage-based interventions against antibiotic-resistant C. jejuni strains, underscoring the 
importance of considering both specificity and infectivity when selecting phages for 
therapeutic purposes. Subsequent research endeavors could delve into unraveling the 
molecular mechanisms governing the activities of both ΦCJ1 and ΦCJ2, paving the way for 
the development of targeted and effective strategies to counter antibiotic resistance in C. 
jejuni. 
 

 
 
Figure 1. Plaque morphology of the environmentally-isolated Campylobacter phage. ΦCJ1 
plaque on C. jejuni isolate M-352 and M-370. 
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Figure 2. Plaque morphology of the environmentally-isolated Campylobacter phage. ΦCJ2 
plaque on C. jejuni isolates A-523, A-527, A-533, B-174 and M-370 respectively. 
 
 
Table 1. Host range determination of Campylobacter phage. Different bacterial species and 
strains were used as the host to determine the host spectrum of phage using a spot test. 
 

Bacterial 
strains Isolate 

Genotypic identification 

Resistance pattern 
Plaque 

forming 
of ΦCJ1 

Plaque 
forming 
of ΦCJ2 

flaA 
SVR 
type 

MLST 

Sequence type 
(ST) 

Clonal complex 
(CC) 

Campylobacter 
jejuni M-26 112 2274 Unassigned AMP-CIP - - 

 M-62 2 354 ST-354 complex AMP - - 

 M-91 97 5 ST-353 complex AMP-CIP-TET - - 

 M-93 97 5 ST-353 complex AMP-CIP-TET - - 

 M-97 54 1919 ST-52 complex AMP-CIP-TET - - 

 M-152 54 51 ST-443 complex AMP-CIP-TET - - 

 M-165 783 5213 ST-353 complex AMP-CIP-TET - - 

 M-213 162 161 ST-52 complex AMP-CIP-TET - - 

 M-272 208 8835 Unassigned AMP-CIP-TET - - 

 M-351 208 N/A N/A AMP-CIP-TET - - 

 M-352 767 872 ST-828 complex AMP-CIP-TET + - 

 M-363 67 6736 Unassigned AMP-CIP-TET - - 

 M-370 783 5213 ST-353 complex CIP + + 

 M-379 36 298 ST-21 complex AMP-CIP-TET - - 

 M-392 237 583 ST-45 complex AMP-CIP - - 

 M-399 2 45 ST-45 complex AMP-CIP-TET - - 

 M-406 524 137 ST-45 complex AMP-CIP-TET - - 
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 M-417 312 9765 ST-574 complex AMP-CIP-TET - - 

 M-430 45 2409 Unassigned AMP-CIP - - 

 M-445 68 N/A N/A AMP - - 

 M-451 1568 N/A N/A AMP-CIP-TET - - 

 A-512 54 464 ST-464 complex CIP - - 

 A-514 54 464 ST-464 complex CIP - - 

 A-515 54 464 ST-464 complex CIP - - 

 A-520 54 464 ST-464 complex CIP - - 

 A-522 54 464 ST-464 complex CIP - - 

 A-523 54 464 ST-464 complex CIP - + 

 A-526 54 464 ST-464 complex CIP - - 

 A-527 54 464 ST-464 complex CIP - + 

 A-528 1639 464 ST-464 complex CIP - - 

 A-529 54 464 ST-464 complex CIP - - 

 A-530 54 464 ST-464 complex CIP - - 

 A-531 54 464 ST-464 complex CIP - - 

 A-533 54 464 ST-464 complex CIP - + 

 A-536 54 464 ST-464 complex CIP - - 

 A-541 54 464 ST-464 complex CIP - - 

 B-174 68 464 ST-464 complex CIP - + 

Campylobacter 
coli M-23 767 3119 ST-828 complex AMP-CIP-ERY-

TET-KAN - - 

 M-45 1217 3119 ST-828 complex AMP-CIP-ERY-
TET-KAN - - 

 M-51 767 3119 ST-828 complex AMP-CIP-ERY-
TET-KAN - - 

 M-198 759 3119 ST-828 complex CIP-ERY-TET - - 

 M-413 767 3073 ST-828 complex AMP-CIP-ERY-
TET - - 

 M-449 30 N/A N/A AMP-CIP-TET - - 

 M-450 30 N/A N/A AMP-CIP-TET - - 

(+) was phage can infect bacterial species strain. 
(−) was phage cannot infect bacterial species strain. 
Antibiotics: AMP, ampicillin; CIP, ciprofloxacin; TET, tetracycline; ERY, erythromycin; 
KAN, kanamycin.  
Resistance breakpoints, MICs were interpreted using the EUCAST and CLSI criteria: 
Ampicillin resistance, >16b μg/mL; Ciprofloxacin resistance, > 0.5a μg/mL; Tetracycline 
resistance, > 2a μg/mL; Erythromycin resistance, > 4a μg/mL; Kanamycin resistance, > 32b 
μg/mL. a Data source EUCAST, b Data source CLSI. 
 

In the characterization of bacteriophages, the examination of phage morphology was 
conducted using negative strain transmission electron microscopy (TEM). Specifically, the 
CJ1 phage was classified within the order Caudovirales in the family Siphoviridae, as 
evident from its distinctive features. The phage exhibited an icosahedral head coupled with a 
long non-contractile tail and a tail fiber, as illustrated in Fig. 2A and 2B. Notably, the 
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icosahedral capsid head displayed dimensions ranging from 45-70 nm in diameter, intricately 
connected to a long, non-flexible, contractile tail spanning 90-100 nm in length.  

While the morphological characteristics provide valuable insights into the phage, it 
was observed that the phage purification technique requires refinement. The TEM images of 
the isolated phage unveiled the presence of numerous contaminants in the solution, 
encompassing macromolecules from the isolation process, proteins, broken tails, and capsids. 
This suggests the need for improved purification methods to enhance the purity of the 
isolated phage.   

To evaluate the thermal resilience of the ΦCJ2 phage, trials were carried out over a 
temperature spectrum from 4 to 42 °C. Remarkably, heightened infectivity was noted at 
temperatures of 20 and 42 °C. Conversely, infectivity diminished when the temperature 
exceeded 50 °C. The results, depicted in Fig. 3A, revealed that the phage demonstrated high 
tolerance to a broad temperature range. However, it is noteworthy that the percent infectivity 
experienced a decline as the temperature increased. In Fig. 3B, depicting pH stability, CJ1 
phage demonstrated the highest infectivity at pH 7 and pH 6 and 8 also show 55-70% 
infectivity, but infectivity was completely lost at pH 1–3. The noted observation leads to 
additional discussions about how temperature and pH can affect the phage's ability to infect, 
prompting a need to optimize conditions for using the phage in various scenarios. 

 
Figure 2. Morphology of Campylobacter phage. A, ΦCJ1 phage was determined by negative 
staining and transmission electron microscopy (TEM). B, ΦCJ1 phage with capsid size and 
the tail length indicated. 
 

 
Figure 3. Phage infectivity. A, Phage infectivity in different temperatures. B, Phage 
infectivity in different pH. 
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Conclusion:  
 In conclusion, the successful isolation and purification of phages through the 
described method have led to the identification of novel members within the Caudovirales 
order, specifically in the Siphoviridae family. While exhibiting typical morphological 
characteristics, the notable narrow host range observed in both ΦCJ1 and ΦCJ2 phages, with 
no specificity to C. coli, underscores their potential as targeted agents against C. jejuni. The 
adaptability of these phages to the chicken gastrointestinal environment, coupled with their 
robust infectivity across a broad pH range and temperature spectrum, highlights their 
promising therapeutic and diagnostic applications. This significant advancement in 
understanding C. jejuni phages offers new prospects for innovative treatments and diagnostic 
tools, contributing substantially to the ongoing efforts in C. jejuni infection research and 
treatment. Further investigations into the specificities of these isolated phages hold great 
promise for addressing the challenges associated with C. jejuni, emphasizing the potential 
efficacy of phage-based interventions in combating this bacterial pathogen. 
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Abstract  
The objective of this study is to investigate biodiversity of lichens found in the public park in 
Bangkok, including foliose and crustose lichens of the family Physciaceae and Caliciaceae. 
Lichen specimens were collected from 11 public parks in Bangkok Thailand, from January 
2022 to February 2022. One hundred and forty-two of corticolous lichens were collected and 
dried under room temperature for taxonomic study. Six genera and 9 species,were identified 
4 genera of foliose including Dirinaria (Tuck.) Clem., Hyperphyscia (Müll.Arg.), Physcia 
(Schreb.) Michaux and Pyxine Fr. The other specimen, 2 genera were crustose lichens, 
Amandinea M. Choisy ex Scheid. & M. Mayrhofer, and Rinodina (Ach) Gray, the lichen 
Pyxine cocoes,were found in all public parks. The most lichens were found Thonburirom, 
Thawiwanarom and Serethai Garden respectively.  
Keywords: foliose lichen, crustose lichen, Physciaceae, Caliciaceae. 

Introduction 
The lichen flora of Thailand is rich due to the high diversity of habitats especially in montane 
forests and coastal forests. There are more than 1,200 reports of lichens found in Thailand, 
especially Family Physciaceae and Caliciaceae with 174 species (Kawinnat et al. 2017). 
Lichens family Physciaceae is characterized by the thick wall and dark color of 1–3 
transeptate ascospore within cylindrical bitunicate ascus and family Caliciaceae is 
characterized by the presence of thin-walled and short-lasting asci (spore-bearing cells) and a 
mazaedium, which is an accumulation of loose, maturing spores covering the surface of 
the fruiting body. The lichens may produce lecideine or lecanorine apothecium. The 
cosmopolitan lichenized ascomycete lichen family are widespread in almost all areas from 
lowland to mountain summits. It grows very well at the good ventilation, strong light 
intensity and high humidity of coastal sea lines with attaching on living tree and rock (Gorts-
Van Rijn, 1987). There are many uses for lichens indicators of urban pollution in many 
countries in Europe (Cislaghi and Nimis, 1997. Nimis et al 2002, Loppi and Frati, 2005). 
Bangkok faces the problems of air pollution caused by traffic and industry. There are many 
parks located in the city center and the suburb of the city, which has different lacal weather 
conditions. From a survey of the diversity of lichens in Bangkok reported 7 lichens species 
(Boonpragob et al 2003), and at 8 public parks were found 17 species of lichens (Thanomjitt, 
2009).  
 The purpose of this investigation is to to survey the diversity of lichens to use as 
based-line information to assess the air quality of public parks in Bangkok. This research is 
part of the plant genetics conservation project under the royal initiative of Her Royal 
Highness Princess Maha Chakri Sirindhorn. Princess Maha Chakri Sirindhorn (RSPG). 
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Methodology 
Lichen samples collected from 11 public  parks from PTT Metroforest learning center., 
Benchakitti Park, Serethai Garden, Chatuchak Park, Thawiwanarom Park, Thonburirom Park, 
Lumphini Park, Queen Sirikit Park, Saranrom Park, Santiphap Park and Nong Chok Park in 
Bangkok Thailand (Figure 1), were dried under room temperature for herbarium preservation 
and taxonomic study. All specimens were identified characterized by morphological and 
anatomical features under a light microscope Olympus SZ30 and light microscope 
(OLYMPUS, CH). The chemical characters were by spot test and Thin Layer 
Chromatography (TLC) (White & Jame 1985). Taxa were determined according to (Elix, 
2009, Mongkolsuk, et al., 2012, Marbach., 2000., Sipman 2003). 
 
Results and Discussion 
A total of  Physciaceae and Caliciaceae, 142 collected samples were identified into 6 genera 9 
species (Figure 2), foliose lichen 4 genera; Dirinaria (Tuck.) Clem., Physcia (Schreb.) 
Michaux and Pyxine Fr. and crustose lichen 2 genera; Amandinea M. Choisy ex Scheid. & 
M.Mayrhofer, and Rinodina (Ach). 
 
 
Table 1 Number of lichens found the public parks in Bangkok Thailand. 

Family Lichens Public Park  Total 1 2 3 4 5 6 7 8 9 10 11 
Caliciaceae Amandinea diorista  5  5 2  2    14 
 Amandinea efflorescens 1  3 5  2 2   1 14 
 Dirinaria applanata     3      3 
 Dirinaria confluens     1      1 
 Dirinaria picta 2    1 2     1 6 
 Pyxine cocoes 2 2 13 3 10 26 3 8 1 1 12 81 
 Rinodina sp. 1   1 1 1   1    4 
Physciaceae Hyperphyscia adglutinata    1       1 
 Physcia undulata 1  1  2 8 1 2   3 18 

Total 5 3 20 7 25 42 6 15 1 1 17 142 
 
1. PTT Metroforest learning center., 2. Benchakitti Park, 3. Serethai Garden, 4. Chatuchak Park, 5. 
Thawiwanarom Park, 6. Thonburirom Park, 7. Lumphini Park, 8. Queen Sirikit Park, 9. Saranrom 
Park, 10. Santiphap Park, 11. Nong Chok Park. 
 

All specimens were examined for their morphological, anatomical and chemical 
characters as follow Macroscopic Examination. Thallus foliose lobate, irregular 2–4 cm wide. 
Lobes discrete or contiguous, closely adnate and appressed to ascending and loosely attached, 
linear or linear cuneate to spathulate, ± dichotomously to irregularly branched, Upper surface 
whitish, gray to yellow-gray, plane to convex, or concave towards the periphery, dull or 
glossy, with or without isidia or dactyl and soredia. Medulla layer compose of hyphae, which 
are anticlinal or periclinal arrangement. Upper cortex which is formed from anticlinal hyphae, 
pattering paraplectenchyma and lower cortex is ventral layer, which is formed by 
pseudoparenchymatous tissue of mycobionts such as Physcia (Table 2).  
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Figure 1 Public parks in Bangkok Thailand (Applied from: https://www.homezoomer.com) 
 
 

 
Lower surface rhizines occur exclusively in the species of Pyxine cocoes with a 

corticate lower surface Apothecia laminal or terminal, rounded, sessile to stipitate, lecanorine 
or lecideine, hymenium colorless with or with oil globule, Asci cylindrical to subclavate or  
 
 

 
Figure 2. Thallus of Lichen in Family Physciaceae and 
Caliciaceae; A. areolate thallus of Amandinea diorista and B. 
Amandinea efflorescens, C. foliose thallus of Dirinaria 
applanata, D. thallus of Dirinaria confluens, and E. foliose 
thallus of Dirinaria picta, F. thallus of Hyperphyscia 
adglutinata, G. thallus Physcia undulata, H. Pyxine cocose, I. 
crustose thallus Rinodina sp.1 (scale ___ 1 cm). 

 

A B 

C 

D 

E F G H 

I 

1. PTT Metroforest learning center., 2. Benchakitti Park, 3. Serethai Garden, 
4. Chatuchak Park, 5. Thawiwanarom Park, 6. Thonburirom Park, 7. 
Lumphini Park, 8. Queen Sirikit Park, 9. Saranrom Park, 10. Santiphap Park, 
11. Nong Chok Park 
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clavate, Physcia-type, with 8 ascospores; apex wall layers thickened; apex amyloid, with a 
distinct axial mass (Hafellner et al. 1979).  

Crustose lichens, ecorticate thallus. The thallus may lack a cortex or have only a 
poorly develop and ill-defined cortex, the algal being superficial or scattered among 
medullary hyphae or crystalline inclusion such as Amandinea diorista. The areolae are 
enlarged in their upper part and become partially free from the substrate. 

 
 

    
 
Figure 3. The four common lichens public park in Bangkok Thailand, A. Amandinea 
efflorencence, B. Pyxine cocoes, C. Physcia undulata, D. Dirinaria picta (scale ____1 cm).  
 

The study noted that the 9 species of lichens habited in the park. The highest and 
subsequently lower number of species were recorde from Thawiwanarom (7 sp.), 
Thonburirom (6 sp.), Queen Sirikit (5 sp.), Serethai Garden (sp.4), Nong Chok (4 sp.), 
Chatuchak (3 sp.), Lumpini (3 sp.), PTT Metro Forest Learning Center (3 sp.), Benchakitti (2 
sp.), Santiphap (sp.1), Saranrom (sp.1), and respectively (Table 1).  

Almost all lichen genera distribute over Thonburirom Park such as Amandinea 
diorista, Dirinaria applanata, D. confluens, D. picta, Pyxine cocoes and Physcia undulata. 
It's a small garden. It has an area of only 63 rai, it is a garden in an area where traffic is not 
very heavy, and most of the surrounding area is green space. Thawiwanarom Park is a park 
with green space. And it's in the suburbs as well. Most of the lichens found in this survey 
were species including; Pyxine cocoes, Physcia undulata, Amandinea efflorencence, and 
Dirinaria picta (Figure 3). As for the public parks in the center of the city, there are few 
lichens such Saranrom park, Santiphap park and Lumphini park, because they have to faces 
the problems of air pollution caused by traffic and industry. There are many parks located in 
the city center and the suburb of the city, which has different lacal weather conditions, thus  
causing different lichens to be found. 
 
Conclusion 
One hundred and forty-two of corticolous lichens specimens collect from host trees, were 
classified into lichen family Physciaceae and Caliciaceae. In consisted 6 genera and 9 
species, 4 genera were foliose lichens including, Dirinaria (Tuck.) Clem., Hyperphyscia 
(Müll.Arg.), Physcia (Schreb.) Michaux and Pyxine Fr. The other specimens were crustose 
lichens 2 genera, Amandinea M. Choisy ex Scheid. & M. Mayrhofer, and Rinodina (Ach) 
Gray. The lichen Pyxine cocoes were found in all park. The highest and subsequently lower 
number of species were record form Thonburirom, Thawiwanarom and Serethai Garden 
respectively. Most of the lichens found in this survey were species including; Pyxine cocoes, 
Physcia undulata Amandinea efflorencence and Dirinaria picta etc. 
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shiny not found 

upper cortex 
parapletenchyma, 

lower cortex 
pseudoparenchy 

matous 

448



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

 
5. Hafellner J., Mayrhofer H.& Poelt J., Die Gattungen der Flechten familie Physciaceae. 
Herzogia, 1979;5,39-79.  
6. Kawinnat et al., A new checklist of lichenized fungi occurring in Thailand, Mycokey, 
2017;23:1-91. 
7. Loppi, S. and Frati, L. Lichen diversity and lichen transplants as monitor of air pollution in 
rural area of central Italy. Environmental Monitoring and Assessment. 2005;114: 361-375. 
8. Marbach B., Corticole und lignicole Arten der Flechtengattung Buellia sensu lato inden 
Subtropenund Tropen. Bibliotheca  Lichenologica, 2000;74, 46-384.  
9. Mongkolsuk P., Meesim S., Poengsungnoen  V. and Kalb K., The Lichen Physciaceae in 
Thailand - I. The genus Pyxine. Phytotaxa 59:2012; 32-54.  
10. Nimis, P.L. Scheidegger, C. and Wolseley, P. Monitoring with Lichens-Monitoring 
Lichens. 2002. 
11. Sipman H., Artificial key to Marbach’s tropical Buellia s.l. with short diagnoses: 
Retrieved February 3, 2003, from http://www.bgbm. org/sipman/keys/Jav agenera.htm. 2003. 
12. Thanomjitt R.,. Boonpeng C,. Boonpragob K., Biodiversity of Lichens in Public Park in 
Bangkok. The 3th Botanical Conference of Thailand (BCT 3th). 2009;99-103.  
13. White F. J., and Jame P. W. A., New guide to microchemical techniques for the 
identification of lichen substances, British Lichen Society Bulletin No.57,1985;1-41.
 

449



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

MORPHOLOGICAL AND MOLECULAR IDENTIFICATION OF PATHOGENIC 
Acanthamoeba spp. IN WATER AND SOIL SOURCES ASSOCIATED WITH 

HUMAN ACTIVITIES IN 3 PROVINCES OF SOUTHERN THAILAND 

Thitiporn Promnil1,*, Nongyao Sawangjaroen1, Kruawan Hounkong2 

1Division of Biological Science, Faculty of Science, Prince of Songkla University, Hat Yai, 
Songkhla, Thailand 

2Faculty of Medicine, Princess of Naradhiwas University, Muang, Naradhiwas, Thailand 

*email: giftgift.tp@gmail.com 
 
Abstract:  

Acanthamoeba spp. are free-living amoeba (FLA) found in various environmental 

sources such as lakes, ponds, drinking water and soil. Some strains of Acanthamoeba spp. 

may cause serious illness such as granulomatous amoebic encephalitis (GAE), painful and 

sight-threatening infection of the cornea or amoebic keratitis (AK). In this study, 55 water 

samples and 43 soil samples were collected from areas associated with human activities in 

Songkhla (27 water, 17 soil), Phatthalung (13water, 12 soil) and Nakhon Si Thammarat (1 5 

water, 14 soil), Southern Thailand. FLA were obtained by culture the samples in Non-nutrient 

agar (NNA) plates pre-coated with heat-inactivated Escherichia coli and incubated at ambient 

temperature. The plates were identified for Acanthamoeba spp. by their trophozoites and cyst 

morphology under the microscope. DNA of Acanthamoeba spp. were extracted and 18S 

rDNA gene were amplified and sequences. The PCR products were analyzed and genotyped. 

Under microscopy, Acanthamoeba spp. were found in 41 samples (18/55; 32.73% from water 

and 23/43; 53.48% from soil). By cyst characteristic, 10, 2, 29 were belong to groups I (3/18; 

16.67% water, 7/23; 30.43% soil), II (1/18; 5.55% water, 1/23; 4.35% soil), and III (14/18; 

77.78% water, 15/23; 65.22% soil), respectively. DNA from 13 Acanthamoeba spp. were 

successfully amplified and 9 were successfully sequenced. The blast results indicated 1, 3, 1, 

3, 1 isolate belong to T4 , T5, T9, T17 and T18 genotypes, respectively. Acanthamoeba spp. 

belong to groups II, and III and genotypes T4, T5, and T18 are believed to be associated with 

human infection. This study indicates the occurrence of pathogenic strain of Acanthamoeba 

spp. in these 3 provinces.  The policy of the appropriate surveillance guidelines must be 

implemented to avoid the consumption or contact with contaminated water in the study area.  
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Introduction:  

Free-Living Amoeba (FLA) are widely distributed in the environment. Among many 

FLA members, only four genera, Acanthamoeba spp., Naegleria fowleri, Balamuthia 

mandrillaris, and Sappinia diplpidea, are known to cause infections in humans and animals.1 

Among these, Acanthamoeba spp. are the most commonly detected. They have been found in 

soil; fresh, brackish, and sea water; sewage; swimming pools; contact lens equipment; 

medicinal pools; dental treatment units; dialysis machines; heating, ventilating, and air 

conditioning systems; mammalian cell cultures; vegetables; human nostrils and throats; and 

human and animal brain, skin, and lung tissues.2  

Some strain of Acanthamoeba spp. play a significant role in the development of a 

number of human diseases, including granulomatous amoebic encephalitis (GAE) and 

Acanthamoeba keratitis (AK). GAE is a brain infection of which the patient’s brain tissue is 

swollen causing the pressure inside the brain increased, seizures, and ultimately passes away. 

AK is an infection of the human cornea that results in corneal inflammation and, in severe 

cases, blindness. Risk factors that cause the disease include swimming, using a hot tub, or 

showering, wearing lenses.3  

People may be at a higher risk of getting into contact with natural water and soil, 

particularly when swimming or playing with water, working outdoors, or participating in 

children's activities. Nevertheless, in these three provinces, there have been no previous 

reports of FLA in natural water or soil. 

The purpose of this study was to determine the prevalence of pathogenic 

Acanthamoeba spp. in water and soil sources associated with human activities in 3 provinces, 

Southern Thailand, by the culture and molecular methods.  
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Methodology:  

Samples collection 

A total of 55 water samples and 43 soil samples at the area related to human activities 

were collected from Songkhla, Phatthalung and Nakhon Si Thammarat provinces, Southern 

Thailand as indicated in Table 1. At least 2 liters of water at a depth of 1 foot were collected 

at each site, and soil samples (~200 g each) at a depth of 2-5 cm in areas not exposed to direct 

sunlight were collected.4 

 
Table 1: Water and soil samples collected from 3 Provinces 
 

Province Water Soil Total 

Songkhla 27 17 44 

Phatthalung 13 12 25 

Nakhon Si Thammarat 15 14 29 

Total 55 43 98 
 

Cultivation of free-living amoeba  

Each water sample was filter through a sterile filter paper with a pore size of 1.2 

micrometer. The sediment on the filter paper were washed with 30 ml Page’s Amoeba Saline 

(PAS) (MgSO4.7H2O, Na2HPO4, NaCl, CaCl2.2H2O, KH2PO4: Merck, Darmstadt, Germany) 

and centrifuged at 2600g for 30 minutes. The supernatant was discarded and the remainder of 

1 ml of cell suspension was placed onto non-nutrient agar (NNA) pre-coated with heat-

inactivated E. coli and left for 5 minutes. For a soil sample, 2 g was suspended in 10 ml of 

PAS, centrifuged at 2600g for 10 min and pellet was cultured in NNA as described for water 

samples. The culture dishes were wrapped in parafilm and incubated at room temperature in 

the dark for 10–14 days.5 

Detection of Free-Living Amoeba 

During the first 1 -3  days, the culture dishes were observed every day under the 

inverted microscope with a 40X magnification for the FLA trophozoites which is irregular in 

shape with feet (pseudopodia) move slowly spreading throughout the surface of the medium. 

After 3 days, trophozoites will changes to cyst form.  
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The FLA were identified as Acanthamoeba spp. by appearance of trophozoite 

movement in a needle-like projection and their cyst morphology were classify into Group I: 

specimen exhibited a large cyst (diameter >18 µm) with smooth or mildly wrinkled outer cell 

walls; group II: specimen exhibited two-layer membranes (diameter <18 µm) with 

moderately undulating ectocyst and endocyst walls exhibiting a polygonal arrangement 

connected at the pore zone; and group III: specimen exhibited a cyst (diameter ≤18 µm) with 

a thin, smooth ectocyst closely opposed to round endocyst.6  

Molecular detection of Free-Living Amoeba  

Harvesting of Free-Living Amoeba trophozoite  

 Acanthamoeba spp. isolates were subcultured in new NNA and incubated at room 

temperature. Approximately 3-4 plates of log phase trophozoites were harvested by adding 5 

ml of sterile cold Phosphate Buffered Saline (PBS), pH 7.2 to detach the cells from the 

surface of agar. The suspension was transferred into 4 microcentrifuge tube (volume 1.5 ml) 

and centrifuged for 5 minutes at 2000g). Supernatant were discarded and the pellet containing 

the trophozoites were washed at least twice with PAS solution. The resuspended pellets were 

accumulated in one microcentrifuge tube followed by adjusted to a final volume of 200 µl 

prior to the DNA extraction. 

Extraction of Free-Living Amoeba genomic deoxyribonucleic acid (DNA) 

 Extraction of Acanthamoeba spp. DNA were performed using the manufacturer’s 

protocol of QIAamp DNA Mini extraction kit (Qiagen, Hilden, Germany). Approximately 5 

x 106 cells of trophozoite were centrifuged for 5 minutes at 300g. The supernatant was 

discarded and the sediment were resuspended in 200 µl PBS before extracted for DNA.  

Polymerase chain reaction (PCR) amplification 

Confirmation of Acanthamoeba genus were performed by Acanthamoeba specific 

primer pair JDP1 (5’- GGG CCC AGA TCG TTT ACC GTG AA -3’) and JDP2 (5’- CTC 

ACA AGC TGC TAG GGG AGT CA -3’). PCR were performed in a volume of 20 µl 

containing: DNA template 4 µl, 1 µl of each primer (10 mM), and 10 µl of 250 units Top Taq 

Master Mix Kit (Qiagen, Hilden, Germany). The thermal cycling condition were performed 

as follows: a pre-PCR cycle at 94°C for 5 minutes, followed by 40 cycles at 94°C for 1 

minutes, 60°C for 1 minute, 72°C for 1 minute and an extension at 72°C for 5 minutes7. As 

for negative control, the DNA template were replaced with the same volume of distilled 

water.  
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Agarose gel electrophoresis of PCR product 

Agarose gel (2%) electrophoresis were carried out to observe the DNA that has been 

amplified after PCR. The PCR products around 400-550 bp were visualized as bands on an 

ethidium bromide agarose gel. 

 

DNA sequencing analyses 

PCR products were sent for sequencing by Ward Medic LTD., Part. Sequences were 

aligned by the BioEdit alignment program after matching with reference sequences in 

GenBank.8 

 
Results and Discussion:  

 Microscopic identification of Acanthamoeba spp. from water and soil 

The prevalence of Acanthamoeba spp. recognized in culture by their trophozoite 

morphology from each province were indicated in Table 2 and the group of Acanthamoeba 

spp. according to cysts morphology were shown in Table 3.  

 

 Table2: The prevalence of Acanthamoeba spp. from culture method 
 

Province Water (%) Soil (%) Total (%) 

Songkhla 13/27 (48.15) 12/17 (70.58) 25/44 (56.82) 

Phatthalung 3/13 (23.08) 2/12 (16.66) 5/25 (20.00) 

Nakhon Si Thammarat 2/15 (13.33) 9/14 (64.28) 11/29 (37.93) 

Total 18/55 (32.73) 23/43 (53.49) 41/98 (41.84) 
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Table3: The prevalence of Acanthamoeba spp. classified by cyst morphology. 

 

Acanthamoeba spp. 

cyst 

Songkhla 

(n=44) 

Phatthalung 

(n=25) 

Nakhon Si 

Thammarat 

(n=29) 

Total 

(n=98) 

Water 

(n=27) 

Soil 

(n=17) 

Water 

(n=13) 

Soil 

(n=12) 

Water 

(n=15) 

Soil 

(n=14) 

Water 

(n=55) 

Soil 

(n=43) 

Group I 1 3 1 0 1 4 3 7 

Group II 1 1 0 0 0 0 1 1 

Group III 11 8 2 2 1 5 14 15 

Total 13 12 3 2 2 9 18 23 

 

From this study, 25/44 (56.82%), 5/25 (20%), 11/29 (37.93%) of Acanthamoeba spp. 

were found in water and soil from Songkhla, Phatthalung and Nakhon Si Thammarat 

provinces, Southern Thailand, respectively. There were several reported of Acanthamoeba 

spp. found from various part of Thailand, such as 71.4% from water and soil samples in 

Chiang Mai in 20109, 48.3% from natural water sources from communities near the 

University of Phayao in 201710, 73.33% from soil in Narathiwat Province in 2021. 1 1  Our 

finding provides the first information of Acanthamoeba spp. found in these 3 provinces.  

Acanthamoeba spp. in group I are non-pathogenic except A. astronyxis, A. byersi and 

A. comandoni12, however, Acanthamoeba spp. belong to group II and group III often reported 

to cause infection of the brain, eg: A. culbertsoni, A. healyi and A. lenticulate.13 The most 

prevalence of Acanthamoeba spp. found in this study were belong to groups III (29.59%) 

follow by group I (10.20%). The preponderance of group III Acanthamoeba spp. collected 

indicates pathogenic potential of amoebae in southern Thailand. 

 

Molecular identification of Acanthamoeba spp. 

The prevalence of Acanthamoeba spp. recognized by their PCR and sequencing 

analysis from each province are summarized in Table 4. From 41 isolated of Acanthamoeba 

spp. described by their morphology, 13 (31.71%) were confirmed as Acanthamoeba spp. by 

PCR amplification of 18S rDNA (450-bp amplicon), 6 from water and 7 from soil samples. 

The 9 successfully genotyped found were T4 (1), T5 (3), T9 (1), T17 (3) and T18 (1). 
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Table 4: Prevalence of Acanthamoeba spp. identified by molecular method 
 

Province 
Water Soil 

PCR Genotype PCR Genotype 

Songkhla 5 2 (T4, T5) 2 1 (T17) 

Phatthalung 0 0 (-) 0 0 (-) 

Nakhon Si Thammarat 1 1 (T17) 5 5 (T5, T5, T9, T17, 
T18 

Total 4 3 7 6 
 
On the basis of the 18S ribosomal DNA gene sequences, 23 genotypes (T1-T23) of 

the Acanthamoeba spp. were documented.1 4  Our studies found T4, T5, T9, T17 and T18 

genotypes. Almost all genotypes except T7, T16 and T17 have been proven to be involved in 

GAE and AK diseases.15 The most of Acanthamoeba spp. from environmental and clinical 

samples are found to belong to T4 and T5 genotype. Other rare genotypes like T8, T9, and 

T14 can be present in the environment but are often not thought to be harmful.16 Genotypes 

T4, T5, and T18 found in our studies are believed to be associated with human infection.17  

The findings of this study indicate the presence of Acanthamoeba spp. originating 

from natural sources. In these cultural communities, individuals are at risk of infection 

through physical contact or submersion, potentially leading to the contraction of AK and 

GAE. Furthermore, individuals face the possibility of infection associated with pathogenic 

parasites present in the soil and water sources, particularly when they come into contact with 

damp soil and water. 

Precautions such as avoiding contact with contaminated water and soil, which could 

include freshwater lakes and rivers, not showering, swimming, or using a hot tub while 

wearing contact lenses, and washing your hands before touching your eyes, must be seriously 

taken to avoid Acanthamoeba spp. infection. However, the relevant health authorities must 

acknowledge potential risks and offer comprehensive guidelines to safeguard the well-being 

of individuals. 
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Conclusion:  

This research showcased the presence of harmful Acanthamoeba spp. in natural water 

and soil reservoirs within Songkhla, Phatthalung, and Nakhon Si Thammarat. Residents of 

these regions are at risk of contracting diseases linked to AK and GAE. It is imperative to 

observe hygienic measures before coming into contact with or engaging in activities 

involving water and soil. Consequently, healthcare practitioners bear the responsibility of 

identifying, educating, and averting human infections. 
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Abstract: 
 With the current COVID-19 outbreak, vaccination is vital for preventing virus 
infection and controlling transmission. The recent platforms of vaccines, both subunit and 
nucleic acid vaccines, require delivery systems such as lipid or carbohydrate nanoparticles. 
The main advantage of nanocarrier is that it can protect immunogens from premature 
degradation. This study aims to investigate the efficacy of nanocarrier made from N, N, N-
trimethyl chitosan (TMC) on delivering COVID-19 immunogens into cells, which are 
originated from the target organ of SARS-CoV2. The TMC NP was chosen due to its 
biophysical properties. That is TMC NP can adhere well to mucosal tissue and be able to 
penetrate between the mucosal cells. The RBD proteins of SARS-CoV-2 were encapsidated 
into TMC particles (RBD-TMC NPs). The cytotoxicity and delivery capability of TMC NP 
were monitored in lung cells, including Calu-3, MRC-5, and A549. Results revealed that 
treatment with the RBD-TMC NPs at 25-100 µg/ml had no toxicity. Based on the 
intracellular immunostaining, 60% of cells treated with RBD-TMC NPs exerted an 
intracellular RBD positive within 12 hours and peaked at 24 hours of treatment. The early 
detection and high percentage of RBD-positive cells indicated that TMC NPs effectively 
delivered immunogens into lung cells.  In addition, the delivery efficiency had a dose-
dependent pattern. This was evidenced that 100 µg/ml of RBD-TMC NPs delivered 
immunogen faster and higher than the low dose of RBD-TMC NPs. This data suggested that 
TMC NPs served as an appropriate delivery system for lung cells.  
 
Introduction:  

The continuous Coronavirus disease 19 (COVID-19) pandemic has affected public 
health systems and disrupted economic growth. The causative agent of COVID-19 has high 
transmissibility. This leads to a rapid spread worldwide. The preventive strategy to limit and 
control its spreading is vaccination(1). Currently, COVID-19 vaccines are administered via the 
intramuscular (IM) route. However, the limitation of intramuscular injection is that it mainly 
stimulates systemic immunity that prevents only disease development but neither blocks 
infection nor control transmission. The fact is COVID-19 viruses enter the body through the 
respiratory tract and initiate infection of the mucosal tissue(2). A recent study showed that 
vaccinated people through IM route remain susceptible to SARS-CoV-2 infection and can 
transmit the virus to other individuals. In contrast, immunization through the intranasal (IN) 
route is shown to prevent replication and shedding of COVID-19 viruses. This due to the 
sufficiency of mucosal immunity induction (3). This means that in order to control infection 
and spreading of COVID-19 viruses, a vaccine that induces strong respiratory mucosal 
immunity must be applied. However, there are some limitations to immune stimulation via an 
IN route such as nasal anatomy, an mucociliary clearance activity etc. These may limit the 
absorption of immunogens by mucosal cells of the nasal cavity. To solve this problem, the 
nanodelivery-based vaccines have been emerged to facilitate delivery of immunogens into the 
respiratory tract. This form of vaccine uses its mucoadhesive property to deliver immunogens 
into the mucosal cell barrier in the respiratory tract. This mucoadhesive delivery system can 
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prolong the nanoparticle's residence at the mucosal membrane and increase the nanoparticle's 
absorption(4). Among these nanodelivery system, the chitosan derivative known as N, N, N, - 
trimethylated chitosan (TMC) is suitable to be used in the biomedical field due to its water-
soluble property, biodegradable and mucoadhesive compound (5).  

In this study, the TMC nanoparticles were used as a vehicle to deliver immunogens of 
COVID-19 virus (RBD) into 3 types of lung cells including Calu-3, MRC-5, and A549. The 
cytotoxicity and the efficiency of delivery were monitored.  

 
Methodology: 

Preparation of RBD protein of SARS-CoV-2: The recombinant RBD protein of 
SARS-CoV-2 was produced by RBD transformed P. pastoris in a methanol-inducible 
condition. The purification of recombinant RBD protein in the culture supernatant was 
carried out using affinity chromatography on Ni2+ conjugated chelating resin (Invitrogen) 
under native condition. The purified RBD protein was validated by SDS-PAGE using 
Coomassie Blue staining and immunoblotting assay using rabbit anti-SARS-CoV-2 RBD 
polyclonal antibody (Sino Biological, China).  

Cultivation of Lung cells: The Human lung carcinoma epithelial cells (Calu-3) were 
cultured in a 1:1 mixture of Dulbecco’s Modified Eagle Medium (DMEM), and Ham’s F-12 
medium supplemented with 10% FBS, 1% MEM Non-Essential Amino Acid solution.  
Human lung fibroblast cells (MRC-5) were grown in Minimum Essential Medium (MEM) 
supplemented with 10% FBS, 1% L-glutamine. The Carcinoma human alveolar epithelial 
cells (A549) were cultured in DMEM supplemented with 10% FBS at 37°C, 5% CO2. 

Preparation of SARS-CoV-2 RBD nanoparticles: The Empty and RBD-TMC NPs 
were generated using the ionotropic gelation method. Briefly, 0.222 mg/ml sodium 
tripolyphosphate (TPP) solution and 300 µg of recombinant RBD protein (RBD) in 5 mM 
HEPES pH 7.4 were mixed to 1 mg/ml TMC solution with 1% tween 80 in HEPES buffer 
under continuous stirring at room temp. To harvest the RBD-TMC NPs, the suspension was 
centrifuged at 10,000 x g for 15 minutes. The supernatant containing the free TMC, TPP, and 
unbound proteins were harvested to quantify the percentage of loading efficacy (%LE). The 
NPs pellets were resuspended in 5mM HEPES buffer, pH 7.4. The characteristics including 
size, Polydispersity Index (PDI), and zeta potential were determined using a Zetasizer 
(NanoZs4700 nano series, Malvern Instruments, UK) at 25°C. The entrapment of RBD 
protein in NPs was estimated by calculating the % LE using the following formula. 

 
Cytotoxicity assay: The Calu-3, MRC-5, and A549 were seeded in a 96-well plate 

and cultured overnight at 37°C in a 5% CO2 atmosphere. The monolayers were washed with 
1XPBS twice. The cultures were treated with the empty or RBD-TMC NPs at the 
concentration of 25, 50, 100, 200, and 400 µg/ml. Treatment with 10% DMSO or medium 
were used as a positive and a negative control for the assay, respectively. The percentage of 
cell viability at 24- and 48-hour post treatments was determined by using CellTiter 96® 
Aqueous One Solution Cell Proliferation Assay (Promega, USA) according to the 
manufacturer protocol. The amount of formazan released into culture medium is found to 
correlate with cell viability. Therefore, this experiment was performed to quantitate the level 
of formazan in medium of cultures treated with various concentrations of TMC NPs or RBD-
TMC NPs using the CellTiter 96® AQueous One Solution Reagent. 20 µl of the CellTiter 96®  
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AQueous One Solution Reagent were added into 100 µl of culture medium harvested from 
each treated condition. After incubation at 37oC for 4hr., the absorbance was recorded at 490 
nm. 

Cellular uptake of RBD-TMC NPs: Calu-3, MRC-5, and A549 were seeded into 
each well of 24-well plate. Cells were treated with 25 or 100 µg/ml of empty-TMC NPs, 
RBD-TMC NPs, soluble RBD proteins, or the culture medium and then incubated for 12, 24, 
and 36 hours at 37°C, 5% CO2 atmosphere. After incubation, the treated cultures were 
washed with 1X PBS, fixed with 4% paraformaldehyde (200 µl/well) for 15 minutes, and 
permeabilized with Buffer A (500 µl/well, 0.25-0.5% triton X, 10% goat serum or 10 mg/mL 
BSA in PBS buffer) for 10 minutes at room-temperatures. After permeabilization, cells were 
washed with Buffer B (500 µl/well, 0.02-0.05% triton X, 10% goat serum, or 10 mg/mL BSA 
in PBS buffer) and then blocked with Buffer B for at least 1 hour. The intracellular antigens 
were detected by staining with rabbit anti-RBD antibody (Sini Biological, primary antibody) 
for 18 hours at 4°C. After incubation, the cultures were washed with 1X PBS 3 times and 
counter-stained with Alexa Fluor 488-conjugated goat anti-mouse antibody (Invitrogen, 
secondary antibody). The percentages of Alexa Fluor 488 positive cells were measured under 
fluorescent microscopy and analyzed using ImageJ. 

Statistical Analysis: Statistical analysis was performed using Stat View for 
Windows. Student’s t test was used. Differences were considered significant for p < 0.05. 

 
Results: 

Purification of recombinant RBD protein: To produce RBD protein, RBD 
transformed yeast were activated with 1% (v/v) methanol in culture medium. The RBD- 
protein in culture medium were purified using affinity column. The purified RBD protein was 
validated using SDS-PAGE and immunoblotting as shown in Figure 1. Results revealed that 
the size of purified RBD protein was approximately ~50 kDa in SDS-PAGE. Moreover, the 
immunoblotting using rabbit anti-SARS-CoV-2 RBD polyclonal antibody revealed the 
specific interaction between proteins and antibodies. Unexpectedly, SDS-PAGE and the 
immunoblotting of RBD proteins revealed the smear signals. This may due to some of RBD 
proteins was degraded. In contrast, some of the larger size of RBD may indicate the heavy 
glycosylated RBD. 

Figure 1: Characterization of recombinant RBD protein. The purified RBD was 
subjected to SDS-PAGE (A) and immunoblotting (B). the expected molecular weight and 
specific interaction between RBD and the anti-SARS-CoV-2 RBD polyclonal antibody was 
determined.  M represents the protein molecular weight marker.  
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Formation of RBD-loaded TMC nanoparticles (RBD-TMC NPs): The RBD-TMC 

NPs were generated using inotropic gelation method. The incorporation of protein into NPs 
was based on the interaction of the positive charge TMC and the negative charge sodium 
TPP. This method yielded a nanoscale of NPs with a mean diameter of 397 ± 5.101 nm and a 
size distribution of 0.351 ± 0.019 (Table 1). In addition, the zeta potential of prepared NPs 
was +16.4 ± 0.351. This suggested that the NPs contained a cationic moiety on the surface. 
The loading efficiency of RBD protein into TMC NPs was as high as 92.59%, which 
suggested that RBD protein was efficiently entrapped into TMC NPs (Table 1). The 
successful entrapment of RBD into NP was also validated by SDS-PAGE and 
immunoblotting. The results showed that encapsidated protein interacted with the tested 
antibodies in immunoblotting. These results showed the antigenicity of RBD was unaltered 
after encapsulation in TMC NPs. This suggested that the ionotropic gelation method can be 
used for encapsulating the RBD antigen without interfering with RBD antigenicity (Figure 1). 
The empty-TMC NPs were generated in parallel and characterized as shown in table 1. 

 
Table 1: Characteristics of Nanoparticles 

 

Nanoparticles Size (nm) Polydispersity 
Index (PDI) 

Zeta-potential 
(mV) 

Loading 
efficiency (%) 

Empty-TMC NPs 298 ± 2.623 0.341±0.016 +16.4 ± 0.153 - 

RBD-TMC NPs 397 ± 5.101 0.351 ± 0.019 +16.4 ± 0.351 92.59% 

Figure 2: Detection of RBD protein in TMC NPs. The entrapped RBD protein in 
TMC NPs was detected by SDS-PAGE using Coomassie blue staining (A) and the 
immunoblotting using anti-SARS-CoV-2 RBD polyclonal antibody (B). For (A); M 
represented the protein molecular weight marker while 1 and 2 were RBD-TMC NPs and the 
empty-TMC NPs, respectively. For (B); M was the protein molecular weight marker. Lane 1, 
2, and 3 were soluble RBD, empty-TMC NPs and RBD-TMC NPs, respectively. 
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Cytotoxicity of empty and RBD-TMC NPs on lung cells: The toxicity of the RBD-
TMC nanoparticles on three different cell types were assessed. The viability of Calu-3, MRC-
5, and A549 cells were quantified after being treated with various concentrations of TMC 
NPs and RBD-TMC NPs (25, 50, 100, 200, and 400 µg/ml) for 24 and 48 hours. While 10% 
DMSO was used as a positive control. Both TMC-NPs and RBD-TMC NPs treatment at 25, 
50, or 100 µg/ml exerted no detectable or had only a slight cytotoxicity effect on Calu-3, 
MRC-5, and A549. The percentages of viability of Calu-3 were 100%, 97.42%± 4.45, and 
94.35%± 5.46 at 25, 50, and 100 µg/ml treatment, respectively. Similar results were found for 
RBD-TMC NPs treated MRC-5. Results revealed that cell viabilities were 100%, 98.45%± 
2.67, and 95.77%± 4.16 after treated with 25, 50, and 100 µg/ml, respectively. For A549 
cells, treatment with those three concentrations of RBD-TMC NPs did not cause any cell 
death. Notably, the treatment with higher concentrations (200 and 400 µg/ml) caused a 
significant reduction of cell viability comparing to the mock-treated control group (Figure 3). 
These results indicated that TMC NPs as high as 100 µg/ml exerted no harmful for human 
lung cells. This suggested that TMC NPs delivery system is not toxic for lung cells. 

 

 
 

Figure 3: An effect of TMC NPs or RBD-TMC NPs treatment on cell viability: 
Calu-3, MRC-5, and A549 were treated with various concentrations (25, 50, 100, 200, and 
400 µg/ml) of TMC NPs or RBD-TMC NPs for 24 and 48 hours. The 10% DMSO treatment 
was used as a positive control. The cell viability was quantitated by CellTiter 96® Aqueous 
One Solution Cell Proliferation Assay. Data is presented as mean ± SD (n=3). *, ** 
indicating the significant difference between medium control and the empty-TMC NPs or 
RBD-TMC NPs (p ˂ 0.05) at 24 and 48 hours, respectively. 
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The efficiency of TMC NPs on delivery of protein into Calu-3, MRC-5, and 

A549: To demonstrate the efficiency of TMC NPs on delivery of the immunogens, the 
internalization of RBD protein into Calu-3, MRC-5, and A549 were investigated. These cell 
lines were cultured and treated with various concentrations of TMC NPs, RBD-TMC NPs 
and soluble RBD at 37°C for 12-, 24-, and 36-hours. The treated cells were fixed and 
intracellular stained with rabbit anti-RBD antibody. The percentage of fluorescent positive 
cells were quantitated using immunofluorescence assay (Figure 4). The results revealed that 
cultures treated with the RBD-TMC NPs revealed higher percentages of RBD positive cells 
than cultures treated with soluble RBD. 

As shown in figure 4. The percentage of positive cells in RBD-TMC NPs treated 
Calu-3 were 77.69 ± 2.97%, 87.61 ± 3.77%, and 71.58 ± 2.73 %, while the positive cells in 
soluble RBD treatment were 1.19 ± 0.16%, 0.74 ± 0.07%, and 0 % at 12, 24, and 36 hours, 
respectively. In RBD-TMC NPs treated MRC-5, the percentage of RBD positive cells were 
84.49 ± 2.72%, 89.75 ± 2.70%, and 82.49 ± 1.40 %, while treatment with soluble RBD 
yielded the positive cells at 4.17 ± 4.00%, 4.00 ± 0.17%, and 2.27 ± 0.38% at 12, 24, and 36 
hours, respectively. Lastly, RBD-TMC NPs treated A549 revealed the RBD positive cells at 
84.49 ± 2.72%, 89.75 ± 2.70%, and 82.49 ± 1.40 %, while positive cells of soluble RBD 
treatment were 4.17 ± 4.00%, 4.00 ± 0.17%, and 2.27 ± 0.38% at 12, 24, and 36 hours, 
respectively. In addition, we found that the efficiency of delivery was dose dependent. This 
was evidenced by treatment at a higher dose (100 µg/ml) had a higher number of positive cell 
than treatment with the lower dose (25 µg/ml). These results demonstrated that TMC NPs 
effectively deliver RBD into the lung cells.   
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Figure 4: Cellular uptake of RBD-TMC NPs. Calu-3, MRC-5, and A549 were 

treated with 25 or 100 µg/ml of empty-TMC NPs or RBD-TMC NPs at 37°C for 12-, 24-, and 
36-hours. Intracellular RBD-antigens were detected by antibody staining with rabbit anti-
RBD antibody and analyzed by IFA. (A) The fluorescent image of cellular uptake, (B) the 
percentage of RBD-positive cells. Data is presented as mean ± SD (n=3). * Indicating the 
significant difference between 25 µg/ml RBD-TMC NPs treatment and 100 µg/ml RBD-
TMC NPs treatment. ** Indicating the significant difference between 100 µg/ml RBD-TMC 
NPs and soluble RBD. *** Indicating the significant difference between 25 µg/ml RBD-
TMC NPs and soluble RBD (p ˂ 0.05). 
 
 
Discussion: 
 An intranasal vaccine is a promising option because it closely matches the normal 
route of infection, self-administration is easy, and it could gain a fair market share in future 
years. Intranasal immunization elicited high neutralizing antibody responses and mucosal IgA 
and T cell responses that almost completely vanishes the SARS-CoV2 infection in both the 
upper and lower respiratory tract (6). A nasal spray, unlike injection, is painless and appeals to 
those who are afraid of needles. Based on these advantages, the intranasal subunit vaccine 
specific to SARS-CoV-2 has been developed by our team. 
 The RBD protein of COVID-19 virus was successfully produced and encapsulated 
into TMC NPs. The vaccine candidate was in vitro tested using 3 types of cells which 
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originated from lung tissue. Results shown here indicated that RBD protein was effectively 
encapsulated within TMC NPs. This high loading resulted from ionic interaction among 
negative charge RBD, positive charge TMC and the cross-linking activity of TPP. We found 
that TMC NPs aid efficient internalization of RBD protein.  This was evidenced by the higher 
percentage of RBD positive cells in all cell types treated with the RBD-TMC NPs but not in 
soluble RBD treated cells. The route of entry of RBD-TMC NPs was not investigated in the 
present work. However, we believe that uptake of RBD-TMC NPs may be mediated through 
interaction between the positively charged surfaces of NPs and the negatively charged cell 
membrane. Enhancement of antigen uptake through NPs has previously been reported for 
hepatitis B surface antigen and DENV (7, 8). Yue and colleagues have shown that polylactide 
NPs enhance hepatitis B surface antigens uptake via interaction between NPs and mannose 
surface receptors on macrophages (9).  
 In conclusion, this study demonstrated that N, N, N,-trimethyl chitosan (TMC) 
nanoparticles effectively delivered immunogens into lung cells. The concentration of TMC 
NPs up to 100 µg exerted no toxicity to Calu-3, MRC-5, and A549. This means that TMC NPs 
may be a promising delivery system in intranasal COVID-19 vaccine development. 
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Abstract:  
Secondary carotenoids are highly valuable antioxidants that can be produced by certain algae 
when subjected to nutrient deficiency. To that aim, we characterized the stress-induced 
carotenoid production of green alga Tetraspora sp. CU2551, which was previously identified 
as a strain capable of exceptional biohydrogen generation. The microalgal sample was 
saponified after the crude canthaxanthin was extracted using ethanol. The pigment extract was 
partially purified and fractionated using thin-layer chromatography (TLC). High-performance 
liquid chromatography with a diode array detector (HPLC-DAD) was used to confirm the 
fractions before they were identified and confirmed through Liquid Chromatograph-
Quadrupole Time of Flight-Mass Spectrometry (LC-QTOF-MS). Our results represent a 
specific microalgal strain that can produce the main secondary carotenoid of canthaxanthin. It 
also reveals that the microalgae of Tetraspora sp. CU2551 has the potential to be turned into 
bioactive components for use in the cosmetic, pharmaceutical, nutraceutical, functional food, 
and animal feed industries. 
 
Introduction:  
Primary and secondary carotenoids derived from microalgae are bioactive chemicals with 
antioxidant properties that may have a variety of uses in human and animal nutrition and 
pharmaceuticals.1 They can be used as food additives and colorants, as well as in cosmetics and 
as active compounds in pharmaceutical products.2  Secondary carotenoids, including 
astaxanthin and canthaxanthin, can be synthesized in algal cell cultures and are proposed to be 
stronger antioxidants than primary carotenoids.3 Canthaxanthin was more potent free radical 
scavengers and antioxidants in vitro than carotene carotenoids, such as lycopene and β-
carotene. Canthaxanthin can also be an efficient scavenger of excited triplet states of 
endogenous photosensitizers.5 The antioxidant effectiveness of canthaxanthin pigments was 
also reported by IC50 values in around 225 to 284 μg/mL6. Furthermore, the peroxyl trapping 
activity7 and the hydroxyl radical scavenging8 of canthaxanthin are more potent than β-
carotene. 
In microalgae, the main carotenoids are astaxanthin and β-carotene.9 ,10 Canthaxanthin, which 
is rarely found, can be produced by some microalgae when exposed to environmental stress. 
Many researchers reported that the optimal conditions for carotenogenesis in microalgae 
included restricted growth and other stress factors, and in particular, nutrient deprivation,11 for 
example, green alga H. pluvialis.12 

A green alga Tetraspora sp. CU2551 is one of the algae discovered that is capable of producing 
carotenoids. This cell type was previously identified and characterized as a unicellular green 
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alga with remarkable biohydrogen production when incubated in nutrient-deprived 
conditions.13,14 The main goals of this study were to qualitatively analyze and identify the 
carotenoid of canthaxanthin produced from the green alga Tetraspora sp. CU2551. 
 
Methodology:  
 
Chemicals 
The solvents used in TLC and HPLC were of HPLC grade. Methanol, dichloromethane, and 
acetonitrile were purchased from Merck (Darmstadt, Germany). Analytical grade solvents used 
in the pigment extraction and partial purification procedure (ethanol, methanol, and diethyl 
ether), sodium sulfate anhydrous and potassium hydroxide were purchased from Carlo Erba 
Reagents (Val de Reuil, France). 
 
Algal culture and nutrient deficiency 
In the growth phase, the green alga Tetraspora sp. CU2551 cells were inoculated in 125 mL 
Erlenmeyer flasks containing 50 mL standard Tris-Acetate-Phosphate (TAP) medium, pH 7.2, 
with an initial optical density at 730 nm, OD730 = 0.1. The culture flasks were placed in 
shaking incubators (rotary speed 140 rpm, light intensity 29 mol photons m-2 s-1, 24 h, 36 °C, 
previously determined to be optimal for Tetraspora sp. CU2551).15 

Following the growth phase, carotenogenesis commenced as the green algae were transferred 
to the nitrogen-deprived TAP medium (TAP-N). Behind 43 days of pigment production, 
Tetraspora sp. cells turned reddish orange in the nitrogen-deprived TAP medium (TAP-N). 
The cells incubated in TAP-N (see Table 1 for nutrient composition) were chosen for pigment 
extraction based on their level of reddish orange appearance. 
 

Table 1.  
Nitrogen deprived medium compared to normal TAP composition in 1 L. 
Medium TAP TAP-N 
NH4Cl 0.40 g 0.44 ga 
CaCl2 0.05 g 0.05 g 

MgSO4 0.10 g 0.10 g 
Tris-base 2.42 g 2.42 g 

Acetic acid 1 mL 1 mL 
KH2PO4 0.05 g  0.05 g  
K2HPO4 0.10 g 0.10 g 

EDTA-Na2 0.05 g 0.05 g 
H3BO3 11.40 mg 11.40 mg 
ZnSO4 22.00 mg 22.00 mg 
MnCl4 5.52 mg 5.52 mg 
FeSO4 5.60 mg 5.60 mg 
CoCl2 0.16 mg 0.16 mg 
CuSO4 0.16 mg 0.16 mg 

(NH4)Mo7O24 1.10 mg   2.08 mgb 
areplacement instead by NaCl 
breplacement instead by NaMoO4 
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Pigments extraction 
The pigment extraction method was adapted from Sivathanu and Palaniswamy.16 The harvested 
wet algal cell yield of approximately 6.1 g was used for pigment extraction with absolute 
ethanol. Vortexing was used to mix the pigments until all of them were removed. The tube was 
centrifuged to collect the ethanol extract, and the extraction procedure was repeated until the 
cell pellet was bleached. To prevent further oxidation of trans-carotenoids to cis-carotenoids 
or isomerization during the subsequent processes, 0.5 g of BHT (2,6-di-tert-butyl-p-cresol) and 
0.5 g CaCO3 were added to the pooled ethanol extracts. To the mixture, an equal volume of 
diethyl ether was added, followed by distilled water, until two layers formed. Before drying 
overnight, the ether upper layer was collected and concentrated in a rotary evaporator. To 
remove fat and oil, the crude extract was saponified with 10% methanolic KOH and left at 
room temperature overnight in the dark. To solubilize intact pigment molecules, an equal 
volume of diethyl ether was added to the reaction mixture. The ether fraction crude pigments 
were then washed twice with distilled water to remove excess alkali, dried over anhydrous 
Na2SO4, and the solvent was removed using a rotary evaporator. The crude pigment yield of about 
0.1 g wet weight was stored in the dark under nitrogen at –20 oC until further examinations. A 
schematic representation of the extraction process is shown in Figure 1. 
 

 
Figure 1. 

A schematic representation of the extraction process of canthaxanthin from microalgae. 
 
Thin layer chromatography 
The crude pigments were substantially purified for carotenoid separation with a silica gel 60 
F254 aluminum plate (Merck, Darmstadt, Germany). The dried extract was dissolved in 
methanol and spotted onto a TLC plate, with diethyl ether providing a mobile phase. After 
separation, major bands were visible; consequently, the TLC plate was cut into band-shaped 
sections, and each section was re-extracted for canthaxanthin with diethyl ether, which was 
subsequently subjected to HPLC and LC-QTOF-MS analysis. 
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HPLC measurement 
The carotenoids were extracted from crude pigments using an HPLC (Chromaster, Hitachi, 
Japan) equipped with a pump, degasser, autosampler, and injection valve with a 20 µL loop. 
The equipment was linked in series to a Diode Array Detector (DAD) (Hitachi Chromaster 
5430, Japan). Carotenoids were measured at 450 nm. A reverse phase C18 YMC column (5 m, 
250 x 4.6 mm id.) with an isocratic solvent system of dichloromethane: acetonitrile: methanol 
(20:70:10, v/v/v) at a flow rate of 1 mL/min and a column temperature of 25oC was used to 
separate the samples. The dried fraction samples were dissolved in 1,000 µL of methanol and 
analyzed using HPLC. Also, the absorption spectrum (λmax) of each fraction was detected by 
DAD. The carotenoids were identified by a comparison to standards and data from the 
literature. 
 
LC-QTOF-MS analysis 
The carotenoids were identified using Liquid Chromatography-Quadrupole Time-of-Flight-
Mass Spectrometry (LC-QTOF-MS) (1290 Infinity II LC-6545 Quadrupole-TOF, Agilent 
Technologies, USA). Pigment mass spectra were collected using a m/z detector and a Diode 
Array Detector with a 50-1000 scan range at 450 nm. The positive ion mode (APCI) was used 
in LC-QTOF-MS to detect pigments with a total ion current (TIC) capillary voltage of 2000 V. 
The vaporizer temperature was 350oC, and the nebulizer gas flow rate was 5 L/min. 
Identification of the individual components was performed by comparing mass spectra to 
databases on Agilent Mass Hunter METLIN Metabolite PCD (Personal Compound Database) 
and PCDL (Personal Compound Database and Library) version 8. 
 
Results and Discussion:  
 
Pigment extraction and partial purification 
 After ethanol extraction and saponification, N2 blowing was used to dry approximately 
0.1 g wet weight of crude pigments. The dried powder was resolubilized in methanol before 
being partially purified on a silica gel 60 plate with a diethyl ether chromatographic solvent 
system. An interesting band was cut from the TLC plate, resolubilized, and the absorption 
spectrum was measured, as shown in Figure 2. The fraction was orangish in color, which was 
found to have the absorption spectrum of 475 nm. 
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Figure 2. 

The UV-VIS absorption spectra of TLC-purified canthaxanthin. Figure inset presents the 
appearance of samples for spectrum scanning. 

 

 Furthermore, the resolubilized fractionated pigment was analyzed using HPLC, 
identifying visible carotenoids under 450 nm light. The HPLC chromatogram of partially 
purified carotenoid, separated in 30 minutes by a C18 column and eluted under isocratic 
conditions, is shown in Figure 3. The absorption spectra of each peak were monitored using a 
diode array detector, and we determined that the absorption spectrum of peaks with retention 
times of 12.007 min as shown in Figure 3. Peak A corresponds to canthaxanthin. The purity of 
the TLC-purified canthaxanthin was 66%. Also presented in Figure 3 is the chemical structure 
of canthaxanthin. The identification of TLC-purified canthaxanthin has been confirmed further 
by LC-APCI-QTOF-MS. 
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Figure 3. 
Chromatogram of TLC-purified canthaxanthin from the alga Tetraspora sp. CU2551 by 
HPLC analysis as well as the chemical structure of canthaxanthin, A = canthaxanthin. 

 
Identification 
 For chemical identification, the TLC-purified pigment (Peak A) was first identified as 
canthaxanthin by comparing the UV-Vis absorption spectra to the data reported in the 
literature. The UV-Vis absorption spectra of this fraction showed λmax at 475 nm, which was 
identical to the values published in various previous studies 3,9,11 as shown in Table 2. 
 The mass spectra of this TLC-purified pigment (Peak A) revealed a parent ion peak at 
565 m/z, consistent with C40H52O2 (Table 2). They had the same molecular mass as 
canthaxanthin.11,18 Finally, the carotenoid found in TLC-purified pigment was identified and 
confirmed to be canthaxanthin.9,17 

The significant carotenoid pigments found in Tetraspora sp. CU2551 was canthaxanthin, 
which was similar to those found in other green algae, such as the green alga H. pluvialis.12 Although 
there are numerous microalgae species, few of them that have the ability to synthesize 
canthaxanthin. Our findings reveal a unique microalgal strain capable of producing the main 
secondary carotenoid of canthaxanthin.  
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 Canthaxanthin has more potent antioxidant and free radical scavenging activities than 
other carotenoids18; it also attracted attention as a protective agent in skin photo-related 
disorders. Canthaxanthin can be an efficient scavenger of excited triplet states of endogenous 
photosensitizers19. Moreover, Canthaxanthin not only had more vital free radical scavengers 
and antioxidants, as explained above, but also showed to be effective in the treatment of 
erythropoietic protoporphyria4 and was widely used as a natural skin-tanning agent in 
cosmetics, as well as in animal food products and feed supplements.5 Furthermore, 
canthaxanthin supplementation has been shown in a review to improve biological effects in 
poultry species20, such as enhanced productive and reproductive performance and decreased 
embryo mortality in broiler breeders.21 The presence of canthaxanthin in Tetraspora sp. 
CU2551, indicating that it has the potential to be developed into bioactive ingredients for the 
pharmaceutical, nutraceutical, functional food, animal food, feed supplements, and cosmetic 
industries. 
 

Table 2. 
UV–Vis spectrum and mass spectral data obtained from a mass spectrometry analysis of the 

saponified canthaxanthin identified in Tetraspora sp. CU2551. 
 Absorption Spectrum    [M+H+]  Fragment ions 
 λmax (nm) Solvent (m/z) (m/z) 
This study 475 HPLC systema 565 565, 547 

Previous report 

47222 Acetone 

5654,18,19 5474,18,19 47423 HPLC systemb 
47523 HPLC systemc 
47524 Petroleum ether 

a Dichloromethane: Acetonitrile: Methanol (20:70:10, v/v/v) 
b Methanol: Tert-butyl-methyl-ether (tBME): H2O (81:15:4, v/v/v) and Methanol: tBME: 

H2O (6: 90: 4, v/v/v) 
c Methanol: Water (90: 10, v/v) 
 
Conclusion:                                                                                                                                                                                                                                                     
Secondary carotenoid production of canthaxanthin was found in Tetraspora sp. CU2551. 
Under nitrogen deficiency, canthaxanthin was the main carotenoid produced. Canthaxanthin is 
rarely seen in microalgae, which makes Tetraspora sp. CU2551 has attracted interest in the 
field of carotenoid production. Our findings reveal a unique microalgal strain capable of 
producing the main secondary carotenoid of canthaxanthin. This implies that the Tetraspora 
sp. CU2551 can be used as the source of canthaxanthin, which acts as an animal feed, 
cosmetics, pharmaceuticals, functional foods, and nutraceutical supplements. The downstream 
process, such as biological activity, will be investigated in the future. 
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Abstract:  

In Southern Thailand, the increasing prevalence of Plasmodium knowlesi, a simian 
malaria parasite, among human cases raises concerns due to the potential severity of 
infections. The presence of this parasite, previously documented to be circulating in Malaysia 
where it is a region in close geographical proximity to Southern Thailand, heightens the need 
for investigation. The aim of the study was to explore the evolutionary relationships among 
prevalent P. knowlesi strains in Southern Thailand by conducting a phylogenetic analysis of 
clinical samples, using the mitochondrial cytochrome b and merozoite surface protein-1 
genes as molecular markers. In the phylogenetic analysis, the partial DNA sequences of msp1 
and cytb show close lineages with parasites derived from both humans and monkeys that 
circulated in areas of southern provinces and the eastern province closer to Cambodia and 
Malaysia. The Thai neighboring borders between these countries are recognized hotspots for 
malaria, suggesting that these regions may contribute as sources to the circulation of P. 
knowlesi in Southern Thailand. 

 
Introduction:  

Plasmodium knowlesi, a simian malaria parasite, has emerged as a human public 
health problem in various Southeast Asian countries. Non-human primates, including long-
tailed macaques (Macaca fascicularis), pig-tailed macaques (Macaca nemestrina) and 
banded-leaf monkeys (Presbytis melalophos), can transmit the parasite to humans through 
mosquito in the Anopheles leucophyrus species complex bites1. The parasite multiplies 
quickly with a 24-hour life cycle and can infect both young and mature erythrocytes, 
resulting in hyperparasitemia and other complications 2. Thai patient infected with P. 
knowlesi was first described in 2004 from a man who returning from a trip to Prachuab 
Khirikhan province, southwestern Thailand near the Myanmar border 3. Since then the low 
incidence of P. knowlesi were reported in Thai populations 4,5 as well as in wild macaques. 
Recently, The Department of Disease Control, Ministry of Public Health issued a new 
warning concern about the rise in human P. knowlesi infection in Southern part which 
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gradually increased from 6 cases in 2017 to more than 100 cases in 2022 8. The factors 
contributing to the spread of malaria include increased encounters between people, vectors, 
and macaques due to population growth, deforestation, and agricultural land usage 9,10. The 
overlap of these three practices is crucial for the transmission of malaria. The adaptability of 
P. knowlesi to shift between simian hosts and humans drives an ongoing evolutionary 
process. This adaptability highlights the intricate interplay between ecology and the dynamics 
of malaria transmission9. However, there is limited data available to use to characterize the 
origin of P. knowlesi in this area. 
 The merozoite protein 1 (msp1), protein found on the surface of merozoites, playing a 
crucial role in erythrocyte invasion. It is one of the antigenic immunogenicity that enhance 
host immunity, leading to its use as a vaccine candidate in clinical trials 11. The gene diversity 
influenced by host immune selective pressure and intragenic recombination. The 
mitochondrial cytochrome b (cytb), one component of mitochondrial DNA, exhibits maternal 
inheritance with a lack of recombination and has been frequently used in investigating the 
evolutionary histories of species 12. 

In this study, phylogenetic trees were constructed from partial sequences of msp1 and 
cytb genes of P. knowlesi clinical strains isolated from provinces in southern and Trat 
province in the eastern part of Thailand. Their diversity was compared with P. knowlesi 
isolated previously ed from Thailand, Laos and Malaysia to elucidate the origin of parasite 
population. 

 
Methodology:  
Ethical approval  

The use of these samples was approved by the Research Ethics Committee of the 
Faculty of Medical Technology, Prince of Songkla University (HRECMT64-003). 
 
Sample collection 

A total of 38 blood samples, collected between 2018-2022 from patients with P. 
knowlesi infection that confirmed by nested PCR based on cytb 13 were used. The sampling 
areas included: Chumphon (n=16), Surat Thani (n=15), Ranong (n=3) and Phang-nga (n=2) 
in southern Thailand and Trat (n=2) from eastern part, (Figure 1). The genomic DNA were 
extracted using a QIAamp DNA Mini kit (Qiagen, Germany) according to the guidelines of 
the manufacturer. 
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Figure 1.  Sampling locations of P. knowlesi infection. 
 

 
 
PCR amplification of cytb and Pkmsp1 gene  
 The PCR primers specific to the cytb gene which covers 227 bp, included PCBF (5’-
ATGCTTTATTATGGATTGGATGTC-3’) and PCBR (5’-
CAGACCGTAAGGTTATAATTATGT-3’). Briefly, a total master mix volume of 20 μl 
contained 3 μl of DNA template, 1X PCR buffer, 3 mM MgCl2, 0.3 μM of each primer, 2.5 
mM dNTPs, and 0.4 U of Taq DNA polymerase.  The primary PCR program was initial 
denaturation at 95°C for 5 min, followed by 25 cycles of 94°C for 40 sec, 50°C for 30 sec, 
72°C for 30 sec and final extension at 72°C for 4 min and 30 cycles for nested amplification.   

The PkMSP1 gene was amplified by semi-nested PCR using PkMSP1 F3 (5’-
TAGCACTGGTGTTGCTGGTC-3’) and PkMSP1 R2 (5’-TGGGTAGGTCTCCTTCAACG-
3’) in the primary reaction which covered 520 nucleotides. For the second PCR run, PkMSP1 
F2 (5’-GGTGCTGGAATTTCACCTGC-3’) and PkMSP1 R2 were primed to the targeted 
nucleotide, producing 480 bp of sequence length. The target sequence PCR reaction was 
accomplished in 20 µl consisting of parasite DNA, 1X reaction buffer, 3 mM of MgCl2, 250 
µM of dNTPs, 150 nM of each primer and 0.1 µl of DNA polymerase using a condition of 
initial denaturing at 94°C for 4 min followed by 25 cycles of 94°C for 40 sec, 50°C for 30 
sec, 72°C for 30 sec and final extension 72 °C for 5 min. The same thermal program was 
used in secondary amplification and of 35 cycles in thermal program. The PCR products of 
each gene fragment were purified and subsequently sequenced at Macrogen sequencing 
company in South Korea. 
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DNA analysis and phylogenetic tree construction 
 The DNA sequencing chromatogram was checked for quality and trimmed by using 
DNASTAR Lasergene SeqMan software. The DNA sequences were blasted with the NCBI 
database (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The phylogenetic trees were constructed 
based on partial sequence of Pkmsp1 and cytb and then compared with gene sequences 
previously published in GenBank databases. The msp1 reference sequences included 5 
sequences from monkeys (JF837339 Monkey Narathiwat Thailand, JF837340 Monkey 
Narathiwat Thailand and JX046792 Monkey Narathiwat Thailand, JX046795 Monkey 
Narathiwat Thailand, JX046796 Monkey Narathiwat Thailand) and 10 sequences from 
humans in Thailand (JF837343 Human Prachuab Khirikhan Thailand, JF837345 Human 
Prachuab Khirikhan Thailand, JF837346 Human Yala Thailand, JF837347 Human Yala 
Thailand, JF837348 Human Narathiwat Thailand, JF837350 Human Chantaburi Thailand, 
JF837351 Human Chantaburi Thailand, JF837352 Human Narathiwat Thailand, JF837353 
Human Narathiwat Thailand and JX046791 Human Narathiwat Thailand) 14,15 and 1 was 
from a Lao patient (LC327234 Human Laos) 16. All DNA sequences were aligned with the 
reference sequence from P. knowlesi strain H (XM 002258546) and P. coatneyi (AB266180), 
P. cynomolgi (AB266196) and P. fieldi (AB44406) were used as the out-group of the 
analysis. 

The nucleotide sequence of the mitochondrial cytb gene consisted of 5 human 
(EU880446 Human Sarawak Malaysia, EU880447 Human Sarawak Malaysia, EU880453 
Human Sarawak Malaysia, EU880455 Human Sarawak Malaysia and EU880465 Human 
Sarawak Malaysia) and 3 monkey isolates from Malaysia (EU880495 Monkey Sarawak 
Malaysia, EU880496 Monkey Sarawak Malaysia and. EU880499 Monkey Sarawak 
Malaysia) and 1 from Laos (LC327233 Human Laos)16,17. The simian malaria species, P. 
coatneyi (AB354575), P. cynomolgi (AB444128) and P. fieldi (AB444132), were included as 
an outgroup.  

Alignment of nucleotide sequences and phylogenetic analysis were conducted using 
MEGA11. The alignment with the MUSCLE option was performed and manually edited. The 
evolutionary history was inferred using the Neighbor-Joining method. The percentage of 
replicate trees clustered together in the bootstrap test with 1000 replicates. The evolutionary 
distances were computed using the kimura 2-parameter. All positions containing gaps and 
missing data were eliminated (complete deletion option). The phylogenetic tree 
was edited using the Interactive Tree of Life (iTOL) web tool. 
 
Results and Discussion:  
 
Results of phylogenetic analysis of P. knowlesi  

Through sequencing, 32 cytb sequences and 25 Pkmsp1 sequences showed acceptable 
quality in the chromatogram. A phylogenetic tree based on the Pkmsp1 gene revealed that P. 
knowlesi isolated from southern Thailand clustered into two clades (Figure 2). In the first 
group, a total of 14 isolates (3 from Chumphon, 2 from Ranong, 1 from Phang-nga and 8 
from Surat Thani) were identical to the P. knowlesi clinical isolate from Human Chantaburi 
and Human Prachuap Khirikhan strains (accession number JF837343, JF837345, JF837350 
and JF837351). Of these, the phylogenetic tree data showed that parasites that circulated 
southern Thailand is closed to P. knowesi strain that adjacent to Cambodia in the east and 
Myanmar in the west. Another group, 11 P. knowlesi sequences were shared a closer 
phylogenetic relationship with Narathiwat and Laos human isolates and Narathiwat monkey 
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strains (accession number JF837348, LC327234, JF837339, JX046791, JF837340, JF837352, 
JX046792, JX046795 and JX046796). These P. knowesi strain were circulated in Narathiwat 
where borders with Malaysia. The P. knowlesi cytb, however, is relatively conserved. No 
distinct separation of geographical regions was found in the phylogenetic tree of 
mitochondrial cytb between sequences from Thailand, Malaysia and Laos. All isolates were 
closely related to either P. knowlesi derived from humans or monkeys from Sarawak, 
Malaysia and Laos (Figure 3). 
 
 
 

Figure 2. Phylogenetic tree constructed using MEGA11 from the partial nucleotide 
sequences of the msp1 gene of P. knowlesi. The evolutionary relationship was inferred by 
using the Neighbor-Joining method with the bootstrap test with 1000 replicates. 
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Figure 3. Phylogenetic tree constructed using MEGA11 from the partial nucleotide 
sequences of the cytb gene of P. knowlesi. The evolutionary relationship was inferred by 
using the Neighbor-Joining method with the bootstrap test with 1000 replicates.  
 
Discussion of genetic diversity 

Human infection with P. knowlesi is linked to activities that expose them to forest-
dwelling vectors and monkey hosts 10,18. The south of Thailand has the highest burden of P. 
knowlesi, accounting for 80% of reported cases in the malaria situation online in 2022 8. The 
genetic diversity of several DNA gene sequences including circumsporozoite, mitochondrial 
DNA, small subunit ribosomal RNA, and msp1 shared polymorphism among humans and 
macaques, particularly those living in the nearby region, indicated phylogenetic evolutionary 
similarities5,14,17,19. In this study, the phylogenetic relationship was created based on the 
partial sequences of msp1 and the cytb gene from clinical P. knowlesi isolates. Based on 
identical msp1 gene sequences, the P. knowlesi parasites from the upper provinces in the 
south were separated into two major clusters. One group was phylogenetically related to 
parasites from Prachuab Khirikhan which is near Chumphon and Myanmar in the west, and 
Chantaburi which is in the east. Another group shared similar gene sequences with parasites 
isolated from patients and monkeys in Narathiwat, the lower part of the south, and also from 
Laos patient. The naturally infected Laos patient previously reported that P. knowlesi msp1 
were identical to parasites derived from humans and macaques from Narathiwat, Thailand 16. 
This could suggest that the P. knowlesi parasite which is distributed in the upper parts of 
southern Thailand originated from two independent sources. The cytb gene of the P. knowlesi 
isolates used in this investigation shared phylogenetic similarities with the P. knowlesi 
isolates from patients and monkeys in Malaysia and Laos. Malaysia, which shares a border 
with Narathiwat and exhibits the highest prevalence of P. knowlesi, may serve as a potential 
source of the parasites. Likewise, the parasite from Chantaburi could share a common 
ancestor with the parasites that isolated Cambodia. The parasites that derived from different 

481



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

regions in Thailand, including Tak, Prachuab Khirikhan, Yala, Narathiwas, and Chantaburi, 
were identical to those from Malaysia, based on the 18S rRNA gene 4. According to a recent 
study using msp1 sequencing and microsatellite genotyping, P. knowlesi isolates collected 
from southern Thailand are genetically related to P. knowlesi isolates from Malaysia, and the 
parasites from eastern parts showed close relationships with the P. knowlesi isolates from 
Cambodia20. The phylogenetic analysis indicates a close relationship between P. knowlesi 
parasites isolated in Southern Thailand and those found near Cambodia and Malaysia. 
Malaysia and Cambodia share a border with Thailand, spanning approximately 600 and 800 
kilometers, respectively. The geographical features, including mountains and forests, 
heighten the potential for cross-border transmission of malaria. The phylogenetic analysis is a 
valuable tool for understanding P. knowlesi infections in Thailand. Identifying transmission 
patterns emphasizes the importance of enhanced monitoring and surveillance mechanisms, 
contributing to the sustainability of the malaria eradication campaign. 
 
Conclusion:  

Currently, P. knowlesi is more prevalent and widespread in Thailand than previously 
known. The adaptation of the parasite population to environmental changes over time 
underlines the importance of understanding its epidemiology. This understanding is 
instrumental in shaping effective public health strategies for disease control. This study 
provides evolutionary relationships between P. knowlesi strains in southern Thailand closely 
related to neighboring countries. Further studies should involve comprehensive 
investigations, including surveys on humans, identification of Anopheles mosquitoes, and 
studying monkeys. 
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Abstract:  
 In this study, the expression of the CD163 SRCR5-6 protein, a key player in porcine 
reproductive and respiratory syndrome (PRRS) infection, was investigated using various 
molecular biology techniques. The CD163 SRCR5-6 gene was successfully amplified and 
validated through gel electrophoresis, restriction enzyme digestion, and sequencing. Three 
varieties of plasmids were selected as the expression vector due to their consistent and 
efficient protein production characteristics, with the highest level of expression observed 
when using pGEX-KG plasmid. Different expression levels of CD163 SRCR5-6 were 
observed across different E. coli host strains, with SHuffle® standing out as the optimal host 
for soluble protein production. The results underscored the significance of host-vector 
compatibility in achieving the successful expression of recombinant CD163 SRCR5-6 protein 
and enhancing protein production efficiency. This research represents a substantial 
advancement in recombinant protein production methodology, offering insights into the 
intricate interplay between host organisms and protein expression, with promising 
implications for the development of innovative antiviral interventions and biotechnological 
applications in diverse fields.  

 
Keywords: Protein expression, PRRSV, CD163, Scavenger receptor cysteine-rich domain 
 
Introduction:  

Porcine reproductive and respiratory syndrome (PRRS) poses a significant challenge 
to the global swine industry, resulting in substantial economic losses. This viral disease is 
caused by the PRRS virus (PRRSV), and current prevention and treatment strategies have 
proven to be ineffective (1, 2). Consequently, there is an urgent need to develop novel 
approaches to combat this pervasive threat. The scavenger receptor cysteine-rich 5 (SRCR5) 
domain of CD163 is a cell surface receptor protein, which primarily expressed on 
macrophages in pig lungs and lymphatic organs (3). This SRCR5 domain has emerged as a 
key player in facilitating PRRSV infection, making it a promising target for the development 
of innovative antiviral interventions. However, the inclusion of SRCR6 alongside SRCR5 in 
the study of CD163 is crucial. Previous attempts focused solely on expressing SRCR5 faced 
challenges, possibly due to its size as a single domain. Therefore, incorporating SRCR6  
becomes essential to ensure the successful overexpression of the CD163 SRCR5-6 protein. 
The overexpression of the CD163 SRCR5-6 protein is pivotal for further investigation, as the 
purified CD163 SRCR5-6 protein is a preliminary requirement for exploring alternative drug 
targets capable of disrupting the PRRSV infection process. 

Recombinant protein expression in heterologous systems is a fundamental practice in 
molecular biology and biotechnology. It enables the production of a wide range of proteins 
for various purposes, including research, industry, and therapeutics. Traditionally, eukaryotic 
cells have been preferred for expressing eukaryotic proteins due to their ability to perform 
complex post-translational modifications essential for protein functionality. However, as the 
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demand for rapid, cost-effective, and high-yield protein production has grown, prokaryotic 
hosts, particularly Escherichia coli, have gained prominence as a robust alternative (4).  

E. coli, as a well-characterized prokaryote model, provides a streamlined platform for 
protein expression owing to its robust genetic background and scalable bioprocessing 
capabilities (5). This shift toward prokaryotic hosts becomes particularly relevant when the 
primary objective is efficient and cost-efficient protein production. However, it is essential to 
recognize that expressing specific proteins, especially those with attributes like membrane 
associations, complex structures, toxicity concerns, or intricate post-translational 
modifications, can pose significant challenges. These challenges are magnified when 
prokaryotic hosts such as E. coli are employed, as they may lack the necessary cellular 
machinery for specific protein modifications. Overcoming these challenges often requires 
innovative strategies, including the meticulous selection of plasmids and E. coli host strains, 
optimization of growth conditions, co-expression with chaperones or modifying enzymes, 
and the utilization of advanced molecular biology techniques. This ongoing pursuit of 
versatile and reliable protein expression systems underscores the importance of host-vector 
compatibility, particularly in achieving the successful expression of the recombinant CD163 
SRCR5-6 protein, thereby enhancing overall protein production.  

In the context of this study, our primary objective was to address the expression of 
CD163 SRCR5-6, a crucial protein recognized for its essential role in PRRSV infection (3). 
This protein possesses unique challenges due to its transmembrane segment and the presence 
of three disulfide bonds in each domain (6). Understanding and effectively addressing these 
complexities is of utmost importance, as CD163 SRCR5-6's role in PRRSV infection has 
been identified as a potential target for intervention strategies, including the development of 
antiviral agents. To tackle this complexity, we employed a comprehensive strategy involving 
the selection of plasmid and host. Our methodology encompassed the amplification and 
validation of the CD1163 SRCR5-6 gene through techniques such as gel electrophoresis, 
restriction enzyme digestion, and sequencing. The choice of plasmids and hosts played a 
crucial role in consistently improving production efficiency.  

In conclusion, our research presents a significant advancement in the methodology of 
recombinant protein production. It sheds light on the intricate relationship between host 
organisms and protein expression, offering promising insights for further exploration and 
optimization of protein expression in heterologous systems. These findings hold the potential 
to shape the future of molecular biology and biotechnology, with exciting prospects on the 
horizon as we work to find alternative drug targets that can disrupt PRRSV infection by 
targeting the CD163 SRCR5-6 protein. Moreover, the abundance of CD163 SRCR5-6 protein 
achieved through our methodology offers practical advantages, which could be exploited as a 
starting point for the development of targeted antiviral strategies against PRRSV, reducing its 
impact on swine health and the global food supply. Additionally, overproducing CD163 
SRCR5-6 protein enhances our understanding of virus-host interactions, benefiting PRRSV 
intervention strategies and advancing the broader fields of virology and immunology. 
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Figure 1: (A) Experimental workflow for cloning and expression of the CD163 SRCR5-6 
protein. (B) Schematic representation of the vector suite with different characteristics. 6xHis, 
His-Tag; GST, Glutathione-S-transferase-Tag. 
 
Methodology:  
Cell culture  
  PAM (Porcine Alveolar Macrophage) cells of the 3D4/21 cell line (ATCC CRL-
2843), were cultured in RPMI medium (Hyclone Laboratories, UT) supplemented with 10% 
fetal bovine serum (FBS) and penicillin/streptomycin. Simultaneously, HEK293T cells were 
maintained in DMEM medium (Hyclone Laboratories, UT) supplemented with 10% FBS and 
penicillin/streptomycin. Both cell lines were incubated in a humidified incubator at 37°C with 
5% CO2.  
 
Bacterial strains and plasmids 

E. coli strains, including NEB® Stable, BL21 Star™ (DE3), SHuffle®, and Rosetta 
2(DE3). These strains were cultured in Luria-Bertani (LB) medium at 37°C with constant 
agitation. Additionally, the plasmids pET-28a(+), pColdII, and pGEX-KG were provided 
from  co-authors’s laboratory stocks. 

RNA extraction and cDNA synthesis 
 RNA extraction from the 3D4/21 cell line was conducted following the 
manufacturer's protocol of the RiboEx™ (GeneAll Biotechnology, South Korea). 
Subsequently, the extracted RNA was subjected to DNaseI treatment (Thermo Fischer 
Scientific, California, United States) to remove carried-over DNA. First-strand cDNA 
synthesis was accomplished using the SuperScript™ III First-Strand Synthesis System 
(Thermo Fisher Scientific, CA). This process was initiated with 5 µg of total RNA and 
produced cDNA used as the template for CD163 SRCR5-6 gene amplification. 
 
Cloning of CD163 SRCR5-6 gene 

Primers were designed based on the porcine CD163 nucleotide sequence (GenBank 
accession no. EU016226). Subsequent to PCR amplification, the amplified genes were cloned 
into vectors, pET-28a(+), pColdII, and pGEX-KG. The resulting ligation mixtures were 
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introduced into E. coli NEB® Stable and transformants were cultured on LB agar 
supplemented with the appropriate antibiotic. Transformants were then screened for the 
presence of the target gene within the expression vector through colony PCR, employing 
forward and reverse primers specific to the inserted gene. E. coli clones exhibiting positive 
PCR results were selected for further cultivation in LB broth supplemented with the 
corresponding antibiotics. Following growth, the recombinant plasmids were extracted and 
their validity was confirmed through sequencing (Celemics, South Korea). 
 
Expression and purification of the recombinant pCD163 SCRC5-6 

Heterologous expression of the CD163 SCRC5-6 was conducted by ligating the gene 
into three plasmids including pET-28a(+), pColdII, and pGEX-KG, and transformed each 
recombinant plasmid into each of the three E. coli host strains, including BL21 Star™ (DE3), 
SHuffle®, and Rosetta 2(DE3). A single colony of the resulting transformant was selected 
and incubated in 10 mL of LB broth supplemented with the corresponding antibiotics at 37°C 
for 16 hours with agitation at 180 rpm. Subsequently, 1% of the culture was used to inoculate 
fresh LB broth containing the corresponding antibiotics. The culture was allowed to grow 
until the optical density (OD) at 600 nm reached the range of 0.4-0.6. At this point, isopropyl 
β-D-1-thiogalactopyranoside (IPTG) was added to the culture to a final concentration of 0.5 
mM, and the cells were further cultivated at 16°C for 12 hours with agitation at 180 rpm. 
After induction, the cells were harvested via centrifugation, followed by resuspension in 20 
mM HEPES buffer pH 7.4 (20 mM 4-(2-hydroxyethyl)-1-piperazineethanesulphonic acid, 
200 mM NaCl, 0.1 mM PMSF). The resuspended cells were then subjected to ultrasonication, 
utilizing a 40% amplitude setting for 20 cycles (30 seconds on, 15 seconds off). 
Subsequently, the protein extract solution was obtained by centrifugation at 13,000xg at 4°C 
for 30 minutes. 

The recombinant CD163 SRCR5-6 protein was achieved from E. coli SHuffle 
harboring pGEX_CD163 SRCR5-6 plasmid and was subjected to GSTrap™ HP Column for 
purification. Following, SDS-PAGE and western blot were used to assess the purity of the 
SRCR5-6 proteins. Equal amounts of protein samples were loaded onto 12% SDS–PAGE 
gels for electrophoresis, and subsequently, the separated proteins were transferred onto PVDF 
membranes. These membranes were then blocked with a solution of 5% w/v skim milk in 
TBS-T and probed with the specified antibodies. The specific binding of the antibodies to 
their respective targets was detected by using HRP-conjugated secondary antibodies, and the 
results were visualized using an ECL substrate. Chemiluminescence signals were captured 
using a ChemiDoc MP imaging system (Bio-Rad Laboratories, Hercules, CA, United States) 
and subsequently analyzed with Image Lab software (Version 5.1, Bio-Rad Laboratories). 
 
Results and Discussion:  
Plasmid construction  

The experimental workflow for cloning and expressing the CD163 SRCR5-6 protein 
is illustrated in Figure 1A. The CD163 SRCR5-6 gene was amplified from the cDNA of 
PRRSV using PCR with gene-specific primers, aiming for an expected product size of 606 
bp. Subsequent gel electrophoresis was performed to validate the PCR product, revealing an 
observed product size in the range of approximately 600 bp (Figure 2A). This confirmation 
solidified the presence of the CD163 SRCR5-6 gene. This gene was then successfully 
integrated into various plasmids, namely, pET-28a(+), pColdII, and pGEX-KG, which are 
depicted in Figure 1(B). Each plasmid presented distinct characteristics and expression 
systems for the CD163 SRCR5-6 gene. In pET-28a(+), the CD163 SRCR5-6 gene was 
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controlled by the T7 promoter and featured a His-tag at the C-terminus. The pColdII plasmid 
employed the csp4 promoter to regulate the CD163 SRCR5-6 gene and also incorporated a 
His-tag at the C-terminus. On the other hand, the pGEX-KG plasmid utilized the tac 
promoter to drive the expression of the CD163 SRCR5-6 gene and introduced a GST tag at 
the N-terminus of the gene. These diverse plasmid constructs allowed us to explore a range of 
expression conditions and strategies in our study. 

To further ascertain the integrity of the recombinant plasmids, validation was 
performed through restriction enzyme digestion and subsequent gel electrophoresis. Table 1 
provides details on the specific restriction enzymes employed and the expected sizes post-
digestion for each plasmid. The gel electrophoresis results confirmed that the observed bands 
aligned with the expected pattern of digestion (Figure 2B). To conclusively confirm the 
identity of the colony containing the CD163 SRCR5-6 gene-inserted plasmid, sequencing was 
conducted.  

This rigorous process of gene amplification, plasmid ligation, and validation 
represents a critical foundation in the successful construction of plasmids for the subsequent 
expression of the CD163 SRCR5-6 protein, ensuring the accuracy and integrity of the genetic 
constructs employed in this study. 
 

Table 1: Plasmid Information and Restriction Enzyme Digestion Site 
 

Plasmid Restriction 
Enzyme 

Plasmid Size  
(bp) 

Expected Fragment Size 
(bp) 

pET-28a(+) XbaI, XmaI 5369 3965, 1404 
pET-28a(+)_SRCR5-6 XbaI, XmaI 5860 3963, 1332, 511 
pColdII XhoI, EcoRV 4392 3124, 1268 
pColdII_SRCR5-6 XhoI, EcoRV 4965 3088, 1877 
pGEX-KG NheI, EcoRI 5005 5005 
pGEX_SRCR5-6 NheI, EcoRI 5647 5403, 244 
 
A                                                       B 
 
 
  
 
 
 
 
  
 
 
 
 
Figure 2 PCR product and restriction digestion analysis of the recombinant plasmids. 
(A) Amplification of CD163 SRCR5-6 gene. The successful amplification of the CD163 
SRCR5-6 gene from PRRSV cDNA via PCR is visually represented. Gel electrophoresis 
confirmed the presence of the gene. Notably, the observed product size ranged approximately 
600 - 700 bp, aligning with expectations.  
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(B) The agarose gel electrophoresis confirmed the presence of the desired bands, aligning 
with the expected outcomes, indicating the successful construction of the plasmids.  
 
The expression of CD163 SRCR5-6 protein 

Following, the recombinant plasmid was transformed into different host organisms, 
including BL21 Star™ (DE3), SHuffle® and Rosetta2(DE3). Interestingly, successful 
expression of the protein was achieved exclusively when using the pGEX-KG plasmid in all 
host strains (Figure 3A). Notably, the pGEX-KG plasmid consistently demonstrated superior 
production efficiency due to glutathione S-transferase (GST) fusion protein in the plasmid. 
This 26 kDa peptide tag is part of a family of cystolic proteins present in eukaryotes, can be 
expressed at high levels in bacteria which aligns with our study's focus on CD163 SRCR5-6; 
eukaryotic proteins, and it contributes to the plasmid's effectiveness in our research (7). 
However, it's essential to note that for functional studies or downstream applications 
involving the CD163 SRCR5-6 protein, the GST fusion protein needs to be cleaved off.  This 
observation suggests that the choice of expression host and vector can significantly impact 
the successful expression of the CD163 SRCR5-6 protein. The results highlight the 
importance of careful selection of expression systems in recombinant protein production, as 
the compatibility between the plasmid and host organism plays a critical role in achieving 
successful protein expression. 

The protein was expressed both in the cell supernatant and as inclusion bodies in all 
host organisms (Figure 3B). Among the available host organisms, SHuffle® was chosen for 
its exceptional capability to yield the highest levels of protein expression in the soluble 
fraction. Likewise, a previous study introduces a robust E. coli-based platform for efficient 
cytoplasmic production of full-length IgG antibodies, termed 'cyclonals.' By utilizing 
engineered E. coli strains which is SHuffle®, stable disulfide bond formation is achieved 
within the cytoplasm, eliminating the need for refolding or membrane translocation. This 
innovative approach results in the production of functional cytoplasmic IgGs with clinical 
relevance (8).  

This selection was made with the specific intention of using this host for subsequent 
steps in the experimental process, including protein purification and Western blot analysis. 
For the purification of the CD163 SRCR5-6 protein, which has an approximate size of 50 
kDa, including the GST tag, a GSTrap affinity column was employed. The purification 
protocol involved loading the clarified cell lysate onto the GSTrap column, allowing the 
GST-tagged CD163 SRCR5-6 protein to selectively bind. Non-specific contaminants were 
efficiently removed through washing steps, and the purified protein was subsequently eluted. 
The elution fractions containing the CD163 SRCR5-6 protein were collected and analyzed for 
purity and concentration. To confirm the successful purification, a GST-Tag Antibody was 
used for western blotting. This approach verified the presence of the GST-tagged CD163 
SRCR56 protein and ensured the reliability of the purification process as demonstrated in 
Figure 3C and 3D. 

The significance of this selection extends beyond simple high expression levels. 
SHuffle® has a unique advantage in correctly folding proteins with multiple disulfide bonds 
in the cytoplasm, a crucial factor for our study as CD163 SRCR5-6 contains such disulfide 
bonds in its structure. This compatibility between SHuffle® and the protein's structural 
requirements underlines the importance of host selection not only for successful protein 
expression but also for achieving the desired form of expression. The observed dual 
expression patterns emphasize the intricate relationship between the host organism and the 
protein's folding capacity. 
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These results emphasize the critical role of host selection, not only in successful protein 
expression but also in achieving the desired form of expression, and they pave the way for 
further investigations into the factors influencing the dual expression patterns observed in this 
study. Understanding these dynamics holds promise for refining protein production strategies 
and advancing our comprehension of CD163 SRCR5-6 protein behavior in different cellular 
contexts.     
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Expression, purification, and Western blotting of CD163 SRCR5-6 protein. (A) 
Expression analysis of CD163 SRCR5-6 proteins was performed by SDS-PAGE (Coomassie 
blue-stained) Lanes: M, molecular mass protein marker; B, BL21 Star™ (DE3); S, SHuffle®; 
R, Rosetta 2(DE3). (B) Expression analysis of insoluble and soluble fractions after induced 
with IPTG. Lanes: M, molecular mass protein marker; S, supernatant; P, pellet. SDS-PAGE 
(C) and western blot (D) analysis. Lane M, molecular mass protein marker; 1, Cell lysate; 2, 
Flow through; 3, 4, and 5, Washes; 6 and 7, Elutions. 
 
Conclusion: 
 In this study, we addressed the intricate challenge of recombinant protein expression, 
focusing on the CD163 SRCR5-6 protein, which plays a pivotal role in successful infection 
with PRRSV. CD163 SRCR5-6 is a protein of particular complexity, characterized by a 
transmembrane segment and the presence of three disulfide bonds in each domain. To 
successfully navigate these complexities, we employed a comprehensive strategy involving 
plasmid and host selection. We began by amplifying and validating the CD163 SRCR5-6 
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gene through gel electrophoresis, restriction enzyme digestion, and sequencing. A crucial 
factor in our success was the selection of the pGEX-KG plasmid, which consistently 
demonstrated superior production efficiency. 

Notably, the expression of CD163 SRCR5-6 protein presented a dual pattern in all 
host organisms, both in the cell supernatant and as inclusion bodies. Our results underscore 
the critical role of host selection, as it significantly impacted the successful expression of this 
complex protein. Among the available host organisms, SHuffle® emerged as the preferred 
host, given its ability to correctly fold proteins with multiple disulfide bonds—an essential 
characteristic for CD163 SRCR5-6. 

The importance of host selection extends beyond mere high expression levels; it 
encompasses the achievement of the desired form of expression. These findings open avenues 
for further exploration into the factors influencing dual expression patterns, with potential 
implications for optimizing protein production strategies and enhancing our understanding of 
CD163 SRCR5-6 behavior in diverse cellular contexts. 
In conclusion, our research represents a significant advancement in the methodology of 
recombinant protein production, shedding light on the intricate interplay between host 
organisms and protein expression. Moreover, this study lays the foundation for downstream 
investigations that can leverage the produced recombinant CD163 SRCR5-6 protein. 
Elaborating on downstream studies is crucial, such as utilizing these proteins for drug 
screening purposes or delving into the mechanisms of infection facilitated by PRRSV. 
Understanding the behavior of CD163 SRCR5-6 in diverse cellular contexts opens avenues 
for exploring its implications in disease mechanisms and host-pathogen interactions. These 
downstream studies are integral in maximizing the potential impact of our findings beyond 
protein expression optimization. Additionally, our work showcases the suitability of 
SHuffle® for efficiently expressing proteins with complex structural requirements, 
particularly those with disulfide bonds, offering exciting prospects for future biotechnological 
applications and scientific research. This study contributes to the ongoing pursuit of versatile 
and reliable protein expression systems, with the potential to impact various fields, including 
industrial, therapeutic, and research applications. 
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Abstract:  

Parkinson's disease (PD) is attributed to the accumulation of aggregated α-synuclein (α-
Syn). Although the exact molecular mechanisms underlying α-Syn aggregation have not yet 
been elucidated, oxidative stress is known to contribute to this process. Therefore, 
compounds that decrease oxidative stress generated by α-Syn aggregation may be a potential 
drug for PD treatment. The aim of this research was to screen natural compounds that 
mitigate α-Syn toxicity using our previously developed yeast-based assay. We found that 
three compounds, AS-CY 223, AS-CY 225, and AS-CY 226, could enhance the relative cell 
survival of the yeast indicator cells more than the untreated control. The effect of compounds 
against intracellular reactive oxygen species (ROS) level utilizing H2DCFDA assay was 
investigated. In comparison to untreated cells, cells exposed to each compound exhibited 
reduction on accumulation of intracellular ROS level. The reduction of ROS level of each 
compound did not correlate with their antioxidant activity detected by DPPH assay. Thus, all 
candidate compounds could relieve α-Syn toxicity in the α-Syn overexpressed yeast, 
mediated by the modulation of intracellular ROS level independent of their antioxidant 
activity. These candidate compounds could potentially be developed to pharmaceuticals or 
dietary supplements for the prevention and/or treatment of PD.  

 
Introduction:  

Parkinson's disease (PD) is one of the most common age-related neurodegenerative 
disorders, affecting quality of life. The incidence of PD increases steadily with age, with the 
highest prevalence in the population older than 80 years of age. PD is a progressive 
neurodegenerative disease characterized by the loss of dopaminergic neurons in the 
Substantia nigra compacta of the brain, resulting in a decrease in dopamine levels.1 This leads 
to a combination of symptoms such as slow imprecise movements (bradykinesia), tremors at 
rest, rigidity, facial paucity (hypomimia), shuffling gait, difficulty walking, freezing, and 
postural instability.2 Nowadays, there are several medications available designed to help 
manage various Parkinson’s symptoms and maintain quality of life. However, there is not 
currently a treatment that can slow or halt the disease progression.  Therefore, disease-
modifying therapy is the most important for the treatment of PD.3-5 

α-Synuclein (α-Syn) is an intrinsically disordered protein that adopts a helical structure 
upon lipid membrane binding. The normal functions of α-Syn have been believed to be  
implicated in synaptic plasticity, neurotransmitter release, and synaptic vesicle pool 
maintenance. Under pathological conditions, α-Syn tends to form aggregates and is found as 
a major constituent of Lewy bodies, the pathological hallmark of PD.6 Despite, the cause of 
α-Syn aggregation to form Lewy bodies is still unclear, the evidence demonstrated that 
mitochondrial dysfunction, including oxidative stress are important mechanisms of α-Syn 
leading to neuronal cell death. Therefore, the reduction of α-Syn aggregation by directly 
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interacting with α-Syn, stabilizing non-toxic form or by indirect mechanisms, such as through 
the reduction of oxidative stress and/or the stimulation of α-Syn degradation pathways is the 
therapeutic approach for PD.7 

The budding yeast Saccharomyces cerevisiae is a unicellular eukaryotic fungus that is 
widely used as a model organism in scientific studies or to discover new knowledge on 
important human biological processes. In the last decade, S. cerevisiae has proven to be a 
useful model system to study the fundamental processes of human neurodegenerative 
disorders such as PD.8 In yeast, several pathways involved in α-Syn-associated toxicity are 
conserved in another eukaryotic model of PD. Overexpression of α-Syn in S. cerevisiae 
causes high amounts of ROS production, which accelerates protein misfolding and 
aggregation. As a result, these protein aggregates can obstruct the proteasome's function, 
causing additional harm in the form of cytotoxicity and cell death.9-10 Therefore, the 
compound that can inhibit α-Syn-induced cell death might be a potential lead compound for 
PD treatment. 

Sangkaew et.al.11 developed a novel yeast-based assay in a high-throughput screening 
system to search for small molecules that can alleviate α-Syn-induced cytotoxicity. Cell 
viability was measured by determining innate metabolic activity using redox indicators, 
resazurin. Resazurin (7‐hydroxy‐3H‐phenixazin‐3‐one‐10‐oxide) assay is used in redox based 
fluorometric/colorimetric assay to determine cellular metabolic reduction. The resazurin 
indicator changes from the oxidized form (blue, non-fluorescence) to the reduced form (red, 
fluorescence) by the dehydrogenase enzyme in living cells. If the test compound can alleviate 
the toxicity caused by α-Syn, in the yeast cell over-expressed α-Syn will survive and exhibit 
increased fluorescent intensity compared to the untreated control. Interestingly, the candidate 
compounds that can protect the α-Syn overexpressed yeast cells from toxicity would be 
“positively identified” by their potential to facilitate the growth of the yeast indicator cells 
suffering from α‐Syn toxicity. Therefore, the toxicity of the test compound is simultaneously 
determined during screening. Our previously developed yeast-based assay system has been 
shown to be effective for screening compounds against α-Syn with high specificity and 
sensitivity.12 

Trichosanthes cucumerina L. is a Thai medicinal plant in the Cucurbitaceae family. It is 
mainly distributed in the tropical zone of Southeast Asia and Australia, and it is the largest 
genus of the family with over 100 species, 17 species of which are found in Thailand. There 
have been reports of the pharmacological effects, including anti-inflammatory, antidiabetic, 
hypoglycemic, hepatoprotective, gastroprotective, antifertility, and larvicidal properties.13 
However, the effects of T. cucumerina on neuroprotection have not yet been reported. The 
aims of this study is to screen pure compounds isolated from T. cucumerina that can alleviate 
cytotoxicity induced by α-Syn accumulation using our previously developed yest-based 
assay. Then, the effects of candidate compounds on lowering ROS levels and their 
antioxidant activity were also determined.  

The screening results using the developed yeast-based assay showed that three pure 
natural compounds isolated from T. cucumerina significantly increased the relative cell 
survival of the yeast indicator cells as compared to the untreated control. These compounds 
were designated as AS-CY 223, AS-CY 224, and AS-CY 225. Here, we found that these 
compounds could reduce the amount of intracellular ROS accumulation consistent with the 
growth observation. It is surprising that the reduction in ROS levels did not correlate with 
their antioxidant activity detected by the DPPH assay. The action mechanism of these three 
candidate compounds on alleviating α-Syn toxicity needs to be further elucidated. 
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Methodology:  
1. Screening of natural bioactive compounds alleviating human α-Syn toxicity using the 

developed yeast-based assay 
The overexpression of α-Syn in the indicator yeast cells (yeast HT01 [pYES2(α-Syn-

GFP)]) cause α-Syn accumulation in the cells, resulting in cytotoxicity and affecting cell 
growth.11 Resazurin(7‐hydroxy‐3H‐phenixazin‐3‐one‐10‐oxide) was used as an indicator dye 
according to previously described.11 The yeast strain HT01 [pYES2(α-Syn-GFP)] was 
cultured in synthetic complete medium lacking uracil (SR-Ura; 2% raffinose, 0.67% yeast 
nitrogen base without amino acids, and 10× amino acid mix lacking uracil) for overnight, 
then adjusted to 2×105 cells/mL in Yeast Nitrogen Base dropout uracil (YNB-Ura + 0.1 M 
MOPs, pH 6.0). Cells were incubated with or without test compound for 30 minutes at 30° C 
before adding 20% galactose to induce α-Syn expression. After that, 10 µL of resazurin was 
added to each well. The fluorescence intensity was measured at 590 nm excitation and 540 
nm emission wavelengths using a microplate reader (Molecular Devices, USA). Relative cell 
survival values were calculated by equation (1), and the percentage reduction of toxicity (% 
reduction of toxicity) was calculated by equation (2): 

Relative Cell Survival = RFU/min (treated)/RFU/min (untreated control)] …... (1) 
% Reduction of toxicity = [RFU/min (treated) – RFU/min (untreated control)] x100…... (2) 

where RFU, the fluorescent value at the time of control (not exposed to the tested 
compound), remains a linear line, and min is the time (in minutes) that the graph of the 
control unit remains a straight line. 

2. Investigation on the involvement of candidate compounds in modulating oxidative 
stress induced by α-Syn accumulation  
To measure the intracellular ROS level caused by α-Syn accumulation, measurement 

of the ROS level was carried out in 96-well plate using fluorescent indicator 2',7'- 
dichlorodihydrofluorescein diacetate (H2DCFDA) (Sigma Aldrich, USA) according to 
previously described.14 Either the yeast strain HT01 [pYES2(α-Syn HA] or HT01 [pYES2] 
cultured in SG-Ura with or without test compound overnight was harvested and centrifuged 
at 6,000 g for 10 minutes and the pellet was washed twice in 0.1 M phosphate buffer (pH 
7.4). Cells were incubated with 10 μM H2DCFDA in the same buffer and protected from light 
for 30 minutes. The cell pellet was collected, and then resuspended in 100 μL of 0.1 M 
phosphate buffer (pH 7.4). The fluorescence intensity was measured at 504 nm excitation and 
524 nm emission wavelengths using a microplate reader (Molecular Devices, USA). 

3. Determination of antioxidant activity by DPPH assay 
The free radical scavenging ability of the extracts was tested by DPPH radical 

scavenging assay as described.15 The hydrogen atom donating ability of the test compound 
was determined by the decolorization of methanol solution of 2,2-diphenyl-1-picrylhydrazyl 
(DPPH). DPPH produces violet/purple color in methanol solution and fades to shades of 
yellow color in the presence of antioxidants. A solution of 0.025 mg/ mL DPPH in methanol 
was prepared, and 90 µL of this solution was mixed with 10 µL of the test compound in 
DMSO at different concentrations. The reaction mixture was left in the dark at room 
temperature for 30 min. The absorbance of the mixture was measured at 515 nm. Ascorbic 
acid was used as reference. Percentage of DPPH radical scavenging activity was calculated 
by the following equation (3): 

% DPPH radical scavenging activity = ((A0-A1)/A0) ×100…... (3) 
where A0 is the absorbance of the absence of the test compound, and A1 is the absorbance of 
the presence of the test compound. Then % of inhibition was plotted against concentration of 
compound. The experiment was repeated three times at each concentration.  
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Results and Discussion:  

1. Screening of compounds that can alleviate toxicity of α-Syn using the developed 
yeast-based assay 

In yeast, α-Syn overexpression causes cytotoxicity and inhibits cell growth. Therefore, 
the test compounds that could reduce α-Syn toxicity should show better growth of yeast 
indicator cell than the untreated control. In this study, the cell viability of the yeast cells was 
measured by determining metabolic activity using resazurin as indicator dye. Upon screening 
of 11 compounds isolated from T. cucumerina, three test compounds, namely AS-CY 223, 
AS-CY 225, and AS-CY 226 showed significant increase in the relative cell survival up to 
1.56, 1.34, and 1.49, respectively, in comparison to the untreated control. (Table 1 and Fig 
1).  
 

Table 1. 
Relative cell survival of the yeast indicator cells exposed to the representative of test 

compound at the concentration of 0.08 μg/ mL 
Compound  Relative cell survival 

Untreated (control) 1 
AS-CY 216 1.25 
AS-CY 221 1.12 
AS-CY 222 1.20 
AS-CY 223 1.56 
AS-CY 224 1.23 
AS-CY 225 1.34 
AS-CY 226 1.49 

 

 
Figure 1  

Relative cell survival of the yeast indicator cells exposed to the representative of test 
compounds at the concentration of 0.08 μg/mL. Untreated control was the yeast indicator 
cells exposed to solvent (0.5% DMSO). The data shown in the graph are mean ± standard 
deviation from three iterative trials, which *, ** and *** represent statistically significant 

difference. 
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2. Measurement of intracellular ROS level 

It is known that yeast overexpressing α-Syn causes an excess of ROS and 
eventually lead to the cell death. In order to determine whether the effect of test 
compounds promoting cell viability is associated to a lowered intracellular ROS level, the 
level of intracellular ROS in cells exposed to the test compound was compared to that of 
the untreated cells. The ROS level of yeast cells expressing α-Syn without the test 
compounds was set as a control at 100% fluorescence signal. In the presence of either 
AS-CY 223, AS-CY 225, or AS-CY 226, the intracellular ROS level was found to 
decrease significantly by 20.9%, 18.6%, and 21.1%, respectively. (Fig 2). 

 

 
Figure 2   

Relative level of intercellular ROS determination of the yeast cells exposed to 0.08 µg/mL of 
the tested compound. The control was the yeast cells exposed to only 0.5% DMSO solvent. 
The experiment was performed in triplicates, which *** represent statistically significant 

differences at p <0.000, when compared to the untreated cells. 
 

3. Determination of antioxidant activity by DPPH assay 
Previous studies have shown antioxidants can decrease intracellular ROS 

level. In this study, the antioxidant activity of AS-CY 223, AS-CY 225, and AS-CY 226 
was evaluated using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) as an indicator dye, which 
antioxidant will turn purple. Ascorbic acid (vitamin C), a typical antioxidant vitamin, was 
used as a positive control. Our results revealed that ascorbic acid has high DPPH 
scavenging activity. Surprisingly, all of the test compounds did not show the antioxidant 
activity at the effective concentration (0.08 µg/mL) (Fig 3). 
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Figure 3  

The antioxidant activity of AS-CY 223, AS-CY 225, and AS-CY 226 at a concentration of 
0.08 ug/mL. The control contained only DPPH and 100% DMSO. The data shown in the 

graph is the mean ± standard deviation from 3 iterative trials. 
 
Conclusion:  

The budding yeast S. cerevisiae was utilized as a model in the experiment to 
screen compounds that attenuated α-Syn toxicity and proved their ability to reduce ROS 
accumulation. Upon the screening of natural compounds isolated from T. cucumerina L. We 
found that three effective compounds, namely AS-CY 223, AS-CY 225, and AS-CY 226, 
increased the relative cell survival of the yeast cell overexpressing α-Syn. These indicate that 
these three compounds could decrease the toxicity of α-Syn. At an effective concentration 
(0.08 ug/mL), these three compounds did not show antioxidant activity but could 
significantly reduce intracellular ROS levels. The result suggested that the ability of these 
three compounds to alleviate α-Syn toxicity might be through modulating the level of ROS 
generated by α-Syn, independent of their antioxidant properties. However, the detailed action 
mechanism of these compounds needs further investigation. 
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Abstract:  
Tyrosinase, a key rate-limiting enzyme involved in melanogenesis, is important for protecting 
harmful effects from UV radiation. However excessive melanin production leads to aesthetic 
problems. Currently, active ingredients used in skin whitening products cause side effects like 
burns and dryness. Therefore, safer tyrosinase inhibitors are of wide-ranging interest. 
Peptides are active compounds with many biological activities including anti-tyrosinase 
activity. Our previous study reported that fermented unpolished black rice sap (FUBRS) 
could inhibit melanogenesis in B16F10 cells. Hence, we aimed to identify peptides from the 
FUBRS that can reduce tyrosinase activity. The results revealed that after FUBRS 
purification by C18 column, a fraction contained anti-mushroom tyrosinase activity could be 
detected. Then, this fraction was subjected to the OFFGEL-fractionator at pH 3-10 and found 
two fractions, I-23 and I-24, containing mushroom tyrosinase inhibition activity and 
antioxidant activity. After further purification using the OFFGEL-fractionator at pH 6-11, 
fractions II-5 and II-13 with the desired activity were subjected to LC/MS spectrometry. Six 
synthetic peptides derived from LC-MS data analysis showed the ability to reduce mushroom 
tyrosinase activity as well as antioxidant activity. These results suggested that those 6 
peptides might be novel tyrosinase inhibitor peptides that could be further developed for use 
in cosmeceuticals. 

 
Introduction:  

Melanin is a large pigment molecule that is produced and stored in melanosomes and 
is responsible for the color of human skin. Melanin is synthesized from the precursor, the 
amino acid L-tyrosine, with the key enzyme tyrosinase (EC 1.14.18.1) functioning as a 
catalyst to convert L-tyrosine into 3,4-dihydroxyphenylalanine (DOPA) and catalyze L-
DOPA to dopaquinone then resulting in Indole-5,6-quinone which functions as a substrate for 
the subsequent processes that lead to melanin synthesis (Figure 1) 1. The Raper-Mason 
pathway, or the oxidation of tyrosine to L-DOPA, is the first step of the sequence 2.  The 
conversion of tyrosinase to L-DOPA is considered the most important and the rate-limiting 
step in melanin production.  

 
 

Figure 1. 
Simplified melanin biosynthesis pathway with tyrosinase catalyzing two of the early steps 

from the amino acid L-tyrosine 
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Typically, eumelanin and pheomelanin are combined, resulting in a wide variety of 
human skin tones 3. One of the processes in place to protect the skin from UV radiation is 
skin darkening 4. UV light, for example, causes oxidative stress by increasing superoxide 
anion (O2-) and activating the tyrosinase enzyme which results in melanin production 2. 
However, excessive melanin pigment accumulation results in undesirable cosmetic issues 
such as dark skin, sunburn, and freckles.  

Due to the significant role of the tyrosinase enzyme in the melanin production, many 
skin-whitening products containing active substances can inhibit the activity for this enzyme 
5. Commercialized skin depigmenting compounds like L-ascorbic acid, kojic acid, ellagic 
acid, tranexamic acid, and hydroquinone have been proven to result in negative effects when 
used constantly for a prolonged amount of time 6. The side effects include burns, dryness, 
peeling, and carcinogenicity. As a result, the usage of certain compounds must be limited.  
Hence, the search for novel compounds with safety and reduction in melanin pigment so as to 
prevent skin color problems continues to be in high demand.    

A peptide, also known as a bioactive peptide, is a protein fragment that consists of 
amino acids linked in short chains of 2 to 30 amino acids. The biological activity of each 
peptide is determined by its structure, which includes its composition, amino acid sequence, 
from length, and terminal type (N- or -C). Peptides have been shown in studies to exhibit a 
variety of biological functions, including antioxidant activity 7, anti-hypertensive activity 8, 
antimicrobial activity 9, anti-inflammatory activity, anti-cancer, immunomodulatory activity, 
and anti-melanogenesis activity 10, 11. 

Many studies have revealed biologically active peptides obtained from various 
sources with varying biological activities. Some research has discovered harmless peptides 
that can inhibit the activity of the tyrosinase enzyme, resulting in decreasing melanin 
production. For example, Ochiai, et al. (2016) 12 created a peptide known as decapeptide 
TH10 that can block the activity of the enzyme mushroom tyrosinase. In addition, peptides 
isolated from natural products have also been found to reduce melanin production as shown 
in the report from Ochiai, et al. (2016) 13 that the peptide CT-2 consists of 
Leu−Gln−Pro−Ser−His−Tyr isolated from rice bran was found to be safe and could reduce 
melanin production in B16F10 melanoma cells. Moreover, the report by Zhang, et al. 
(2020)14 also found the peptides (Leu-Leu-Lys, Leu-Pro-Lys, and pyroGlu-Lys) from rice 
bran hydrolysates had ability to reduce  melanogenesis by suppressing the microphthalmia-
associated transcription factor (MITF) expression. There were various methods to obtain the 
biological peptides such as chemical synthesis, enzymatic hydrolysis, food processing and 
fermentation 15. 

Previous study of Sangkaew and Yompakdee (2020) 16 found that the liquid obtained 
from the fermentation of unpolished black rice with specific microorganisms (fermented 
unpolished black rice sap; FUBRS) showed a reduction in melanin production in B16F10 
melanoma cells, while samples obtained from the unfermented one showed no effect. FUBRS 
can stimulate the phosphorylation of p38 and extracellular signal-regulated kinases (ERK) 
leading to the destruction of important transcription factor MITF and also stimulates the 
phosphorylation of Akt that downregulates MITF expression, as a result decreasing 
expression of tyrosinase, tyrosinase- related protein 1 (TYRP1) and tyrosinase-related protein 
(TYRP2). 

Therefore, this study has focused on searching for peptides derived from the FUBRS 
that have effective anti-tyrosinase activity to develop as depigmenting agents in cosmetic 
products. 
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Methodology:  
1. Preparation of FUBRS 

The preparation of FUBRS was performed as described, according to Sangkaew and 
Yompakdee (2020) 16. 
 
2. Purification and identification of peptides from FUBRS 

2.1 Sample purification  
The FUBRS was applied to a reversed phase C18 HPLC column (3.9 x 150 mm; 

Waters, USA) and equilibrated with 0.1% formic acid. Next, the sample was eluted with 
100% acetonitrile 17. Sample was collected and kept at -20 ˚C for further purification steps. 
 

2.2 Peptide fractionation 
Sample obtained from C18 HPLC column were extracted and used for peptide 

fractionation using 3100 OFFGEL fractionator and OFFGEL kit pH 3 – 10 (Agilent 
Technologies, CA, USA). Next, 0.72 mL of sample was mixed with 2.88 mL of peptide 
OFFGEL stock solution (1.25X). Later, the prepared protein solution was deposited on 24-
well plate of immobilized pH gradient strips, and the proteins were separated by electric 
potential difference using a voltage of 200 V for 90 min, 2000 V for 90 min, 3,000 V for 90 
min and 5,000 V until the voltage reached 64 kV/h 18. 
 

2.3 Identification of peptides sequence by LC/MS 
Each fraction from OFFGEL-fractionator with anti-mushroom tyrosinase and 

antioxidant activity was injected into liquid chromatography-mass spectrometry (LC/MS) 19. 
Amino acid sequences were identified through comparisons of experimentally obtained 
fragment masses and theoretical peptide masses of proteins in the Rice Annotation Project 
database 20. All identified peptides that exceeded threshold values of 95% confidence interval 
levels (p < 0.05) would consider significant for this study. Then, selected peptide sequences 
were synthesized by Pepmic Co., Ltd., China. 
 
3. Determination of mushroom tyrosinase activity 

Peptides containing fractions from FUBRS were screened for anti-melanogenic 
activity by using mushroom tyrosinase. As described by Ochiai, et al. (2016) 13 with minor 
modifications, the reaction mixture was consisted of 50 µl of 2 mM L-tyrosine, 22.5 µl of 50 
mM potassium phosphate buffer (pH 6.8), 5 µl of peptide. The mixture was incubated in the 
dark condition at 30 °C for 10 min. Subsequently, 62.5 µl of mushroom tyrosinase (400 
U/ml), Sigma-Aldrich (MO, USA) was added and incubated in the same condition. The 
reaction was measured at 492 nm and calculated as the relative mushroom tyrosinase 
inhibition activity (%) as follow: 
 

 
 
where A and B are the absorbance of the control without sample and with sample at 492 nm, 
respectively and C is the protein concentration of sample, respectively. Kojic acid at final 
concentration was 0.03 mg/ml as a positive control. 
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4. Determination of DPPH radical scavenging activity 
The DPPH radical scavenging activity was performed as described by Brand-

Williams and Cuvelier (1995) 21 with modifications. The reaction consisted of 10 µl of 
peptide mixed with 90 µl of DPPH solution (0.025 mg/ml), Sigma-Aldrich (MO, USA). The 
mixture was incubated in dark condition at room temperature for 30 min. The absorbance was 
measured at 515 nm and calculated as the DPPH radical scavenging activity (%) as follow: 

 

 
 
where A and B are the absorbance of the control without sample and with sample at 515 nm, 
respectively. Ascorbic acid at final concentration was 0.015 mg/ml as a positive control. 
 
5. Statistical analysis 

All experiments were performed with three replications. The data ware analyzed for 
statistically significant using Graphpad Prism by one-way analysis of variance (ANOVA). A 
p-value < 0.05 was accepted as significant. 
 
Results and Discussion:  

FUBRS contains high sugar contents so on to remove the sugars or the high polarity 
substance out of FUBRS for an easier next step of peptide purification. So, FUBRS was 
subjected to a C18 reversed HPLC column based on the difference in polarity22. Both 
fractions, bound (less polar) and unbound (high polar) were tested for their mushroom 
tyrosinase inhibition activity. The results indicated that both fractions could reduce the 
enzyme activity, in similarity with that of kojic acid as the positive control (Figure 2). In this 
study, we focused on bound fraction for further purification however the unbound fraction 
will be investigated in further study. 

 

 
 

Figure 2. 
Relative mushroom tyrosinase inhibition activity of fractions from C18 HPLC 

column. Kojic acid (0.03 mg/ml) was used as a positive control. All experiments were 
performed with three replications. Statistically significant differences compared with the 

untreated were indicated by **p < 0.05, *** < 0.01, and **** < 0.001. 
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Fraction from C18 HPLC column was injected into OFFGEL fractionator that 
separated peptides based on their isoelectric point (pI) with pH ranging from 3 to 10 and 
expected isoelectric point (pI) of each fractions were reported in Chenau, et al. (2008) 23. The 
device was set up for the separation of 24 fractions and a 24 cm long IPG gel strip with a 
linear pH gradient. After testing of inhibition activity, fractions I-23 and I-24 showed the 
inhibition activity (Approximately from 65% - 70%) Since UV radiation causes free radicals, 
which could induce melanin production, the antioxidant may decrease melanin production 24. 
Hence, both fractions were examined for antioxidant activity. Fraction I-23 and I-24 showed 
DPPH radical scavenging activity (Approximately from 35% - 40%). Therefore, these two 
fractions were further separated by OFFGEL fractionator that was setup using an 18 cm long 
IPG strip with pH ranging from 6 to 11. 

The results showed that all of 17 fractions from the OFFGEL fractionation with a pH 
6–11 exhibited mushroom tyrosinase inhibition activity. Notably, fractions II-5 and II-13, 
showed the highest relative mushroom tyrosinase inhibition activity, with the value of 
122.50% and 191.85%, respectively (Table 1). In addition, most of the fractions displayed 
DPPH radical scavenging activity, except for fractions II-1 and II-13 (Table 1). 
 

Table 1. 
Mushroom tyrosinase inhibition activity and DPPH radical scavenging activity of separated 
17 fractions.  All experiments were performed with three replications and data represented 

the mean ± SD. Statistically significant differences compared with the untreated control were 
indicated by **p < 0.05, *** < 0.01, and **** < 0.001. 

 
Number 

of 
fractions 

Relative mushroom tyrosinase 
inhibition activity (%) 

DPPH radical scavenging activity 
(%) 

II-1 9.67 ± 1.709 2.91 ± 27.700 
II-2 12.97 ± 0.792 18.75 ± 21.800 
II-3 56.52 ± 13.320 *** 43.33 ± 4.714 ** 
II-4 90.05 ± 30.220 **** 42.92 ± 2.946 ** 
II-5 122.50 ± 19.870 **** 47.42 ± 1.369 *** 
II-6 105.88 ± 13.020 **** 46.67 ± 7.071 *** 
II-7 110.30 ± 1.399 **** 49.58 ± 0.589 *** 
II-8 115.63 ± 0.737 **** 50.83 ± 3.536 *** 
II-9 107.64 ± 2.095 **** 47.50 ± 4.714 *** 
II-10 93.42 ± 2.193 **** 57.08 ± 0.589 **** 
II-11 78.53 ± 3.110 **** 44.17± 4.714 ** 
II-12 111.25 ± 4.605 **** 15.00 ± 5.893 
II-13 191.85 ± 5.686 **** 0 
II-14 110.58 ± 17.480 **** 8.75 ± 1.768 
II-15 100.20 ± 9.390 **** 12.92 ± 6.482 
II-16 105.85 ± 5.133 **** 10.00 ± 2.357 
II-17 94.23 ± 0.784 **** 13.75 ± 7.660  
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After that, fractions II-5 and II-13 that showed the highest mushroom tyrosinase 

inhibition activity were selected for further purification and determination of the amino acid 
sequence using LC/MS spectrometry. Nineteen peptides out of 3,484 peptides obtained from 
fractions II-5 and II-13 were selected for further study, considering their intensity, scores, Q-
value, and length of peptide sequences then the selected peptide sequences were synthesized 
by Pepmic Co., Ltd. (China).  Figure 3 indicated that peptide sequence FR-6, FR-12, FR-13, 
FR-14, and FR-18 showed significant inhibition activity against mushroom tyrosinase. 
Moreover, they also showed DPPH radical scavenging activity (Figure 4). Among candidate 
peptides, peptide sequence FR-18 showed the highest anti-mushroom tyrosinase activity 
(Figure 3 and 4).  
 

 
 

Figure 3. 
Mushroom tyrosinase inhibition activity of each peptide. Kojic acid (0.03 mg/ml) was 

used as a positive control (PC). All experiments were performed with three replications. 
Statistically significant differences compared with the untreated control were indicated by 

**p < 0.05, *** < 0.01, and **** < 0.001. 
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Figure 4. 
DPPH radical scavenging activity of each peptide. Ascorbic acid (0.015 mg/ml) was 

used as a positive control (PC). All experiments were performed with three replications. 
Statistically significant differences compared with the untreated control were indicated by 

**p < 0.05, *** < 0.01, and **** < 0.001. 
 
Conclusion:  
 We have obtained new peptide sequences (peptide sequence FR-6, FR-12, FR-13, FR-
14, and FR-18) derived from fermented unpolished black rice sap (FUBRS) that could inhibit 
mushroom tyrosinase activity and had radical scavenging effect, especially the peptide 
sequence FR-18. According to the findings, peptide sequences with mushroom tyrosinase 
inhibitory activity could be further developed as novel whitening agents in the cosmetic 
industry.  Furthermore, these candidate peptide sequences will be investigated further for 
their mechanism on melanogenesis inhibition in mammalian cell lines. 
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Abstract:  
In South Thailand, the Oryza sativa indica rice varieties is widely grown. However, the 
assessment of rice germplasm resources has been traditionally limited to morphological 
characteristics. To improve rice germplasm, molecular markers has applied as an important 
tool, offering powerful technical support and information for crop breeding, quality control of 
varieties, and molecular marker-assisted breeding. This research is focused on the application 
of insertion/deletion (InDel) markers and analysis of their sequences within the local rice 
varieties of Southern Thailand, specifically Khao Dawk Mali 105, Lep Nok Pattani, Sang Yod 
Phatthalung, and Chiang Phatthalung. Sequencing analysis was performed, aligning with five 
sequences retrieved from GenBank. The results revealed that the InDel marker produced 
amplicons with a length of 249 bp, mainly corresponding to the indica group. In contrast, other 
InDel lengths ranging from 33 to 36 bp were observed in the sequences associated with the 
japonica group. Furthermore, microsatellite and single nucleotide polymorphism (SNP) 
genotypes were also identified. The microsatellite presented repeats of AAT, spanning from 
(AAT)5, (AAT)16, to (AAT)17, while an A/T transversion was detected in the SNP. The marker 
revealed high concordance between AAT-microsatellite repeat and two-rice subspecies 
indicating that the result could be used to determine the indica and japonica subspecies. 
Remarkably, there was a strong correlation between the AAT-microsatellite repeat and the two 
rice subspecies, suggesting that this marker could be used effectively to distinguish between 
indica and japonica rice subspecies. 
 
Introduction:  

Different rice varieties consist of two major subspecies: Oryza sativa spp. indica and 
O. sativa spp. japonica. These subspecies are highly distinct in morphology characters and 
geographical distribution. The japonica subspecies known as glutinous rice, is a short-grain, 
erect plant with compact panicles and oval to round grains. These varieties are found mainly 
in Japan. On the other hand, the indica subspecies, are known for their non-glutinous rice, tall, 
spreading plant types with diversity in the morphological traits. These are extensively 
cultivated across tropical and sub-tropical regions throughout Asia.1,2 Thailand cultivates 
substantial quantities of indica rice. One of the widely recognized high-quality rice varieties is 
known as jasmine rice, referred to as Khao Dawk Mali 105. In the southern region, there exists 
a high genetic diversity of local rice varieties, such as Sang Yod Phatthalung and Chiang 
Phatthalung, characterized by long grains and slender-shaped seeds, while the Lep Nok Pattani 
variety features short grains and medium-shaped seeds. The size of the grain significantly 
impacts both the yield and quality of rice.3 As a result, grain size stands as a key target trait in 
efforts to enhance rice yield within the breeding program. Nonetheless, understanding the 
relationship between genetic background and characteristic traits remains unclear. Fortunately, 
molecular markers offer an efficient way of overcoming these limitations. Among them, InDel 
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markers stand out due to readily genotype based on fragment length polymorphism in 
insertion/deletion (InDel) DNA fragments. This simplicity and accessibility make InDel 
markers a valuable tool. To date, InDel markers are widely used in genotyping, genetic 
diversity analysis and even marker-assisted selection in various studies and breeding programs. 

A previous study introduced the InDel marker to demonstrate that the InDel marker is 
a robust tool for accurately and efficiently identifying rice germplasm, distinguishing between 
indica and japonica rice.4 Moreover, the InDel1922 marker is associated with the putative 
WAX2 protein and its relation to drought and salt stress in rice.5 This marker was instrumental 
in determining genetic variation in rice populations. The use of DNA markers in plant breeding 
has significantly impacted crop development, with PCR-based DNA marker protocols 
becoming a standard in plant genomic analysis. Advances in various aspects of plant genetics 
have deepened our understanding of DNA markers, genetic diversity within plant species, and 
have greatly contributed to the success of plant molecular breeding.6 

In this research, the InDel marker was used to assess local indica rice varieties in 
Southern Thailand. Sequences from this analysis are compared with those of indica and 
japonica rice from GenBank. Consequently, this research is helpful in screening samples for 
enhancing rice breeding programs. 
 
Methodology:  
DNA extraction 
Four indica rice varieties, O. sativa L. spp. indica, were derived from the Phatthalung Rice 
Research Center in South Thailand. These varieties include Khao Dawk Mali 105 (KDML 
105), Lep Nok Pattani (LNP), Sang Yod Phatthalung (SYP) and Chiang Phatthalung (CHP). 
To extract DNA for analysis, a pooling of two-week-old young fresh leaves from five 
individuals was initially ground into a fine powder using liquid nitrogen resulted in better yields 
and purity of DNA. Subsequently, DNA extraction followed a modified Doyle and Doyle7 
methodology, which based on a 2% CTAB extraction buffer consisting of 100 mM Tris-HCl 
at pH 8.0, 20 mM EDTA, and 1.4 M NaCl. During the lysis step, the lysate was incubated at 
65 °C for 30 min, shook and vortexed every 5 min resulted in higher yields than simply 
inverting. To assess the quantity and quality of the extracted DNA, measurements were 
conducted using a Nanodrop, specifically the NanoDrop One microvolume UV-Vis 
spectrophotometer from Thermo Fisher, with readings taken at OD 260/280. The DNA was 
stored at -20°C for further analysis and use. 
 
InDel marker 
The InDel1922 marker was amplified using the PCR technique. Genomic DNA served as the 
template for amplifying the WAX2 region, and this process involved the use of a primer set, 
according to the previous studied (forward primer: 5’-GTGGTGCTCCCACCCTTC-3’ and 
reverse primer: 5’-TTCCTCCGTTTCATATTACAGTCA-3’).5 

PCR reactions were carried out in a total volume of 25 µL using the Biometra TOne 
Thermal Cycler (Analytik Jena). PCR mixtures contained: 1X ViBuffer A, 1.5 mM of MgCl2, 
0.4 mM of each primer, 0.2 mM of each dNTPs, and 1.25 U of Taq DNA polymerase 
(Vivantis). Additionally, each reaction contained 100 ng of template DNA. The PCR cycling 
conditions were as follows: an initial denaturation step at 94 °C for 5 minutes, followed by 35 
cycles of denaturation at 94 °C for 30 seconds, annealing at 55 °C for 30 seconds, and extension 
at 72 °C for 30 seconds. The reaction was finalized with an extension step at 72 °C for 5 
minutes. After the PCR amplification, all of the resulting products were separated by 
electrophoresis on 2% agarose gels in 0.5X Tris-acetate-EDTA (TAE) buffer. These gels were 
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stained with ViSafe Red Gel Stain and subsequently visualized under UV light using the Gel 
DocTM EZ System (Bio-Rad). 
 
Sequencing analysis  
Following the PCR amplification, the DNA fragments were separated based on size through 
agarose gel electrophoresis. Once the electrophoresis was completed, the desired DNA bands 
were excised from the agarose gel, and the DNA fragments were purified using the E.Z.N.A. 
Gel Extraction Kit from Omega Bio-Tek, USA, following the manufacturer's protocol. 

For further analysis, Sanger direct sequencing was conducted by Ward Medic Ltd. in 
Bangkok, Thailand. To assess DNA polymorphism, the MISA tool8 (http://pgrc.ipk-
gatersleben.de/misa/) was employed. The obtained sequences were aligned and processed to 
produce interpretable results using QIAGEN CLC Main Workbench 21.0 from QIAGEN in 
Aarhus, Denmark. Additionally, sequences from available databases of rice varieties were 
downloaded from GenBank (https://www.ncbi.nlm.nih.gov/). These databases included two 
major subspecies: the indica group, which comprised Minghui 63, Zhenshan 97, and Shuhui 
498 (with accession numbers CP054677, CP056053, and CP018158, respectively), and the 
japonica group, consisting of Nipponbare, and Changxianggeng 1813 (with accession numbers 
NW_015379175, and CP101148, respectively). 
 
Results and Discussion:  
The amplicons of InDel1922 marker in local rice indica varieties from the Southern region of 
Thailand were found to be 249 bp in size (Fig. 1). Subsequently, the nucleotide dataset derived 
from the amplicon sequencing of the four local rice varieties, along with sequences retrieved 
from GenBank (five varieties), was used for alignment, and the results are represented in Fig. 
2. This alignment indicated the utility of the InDel1922 marker in distinguishing between 
indica and japonica subspecies within the rice germplasm. 
 Furthermore, the InDel1922 marker revealed a novel microsatellite that was closely 
associated with a single nucleotide polymorphism (SNP). The microsatellite consisted of 3-
base pair repeats, with sequences of 249 bp and 33 to 36 bp in different lengths. These 
sequences contained (AAT)n repeats, where n ranged from 5 to 16 and 17. Notably, three 
different alleles of the (AAT)n repeat were identified: the indica group contained the (AAT)5 
allele, while the japonica group featured the (AAT)16 and (AAT)17 alleles. 
 This utilization of InDel markers for distinguishing between indica and japonica groups 
is consistent with previous research, as reported by Lu et al. (2009)4, Prathepha and Srisa-ard 
(2014)9, Whankaew et al. (2020)5 and Long et al. (2022)10. Furthermore, various DNA markers 
have been explored for classifying major rice subspecies, such as RAPD11,12, SSR13 and STS 
14. The InDel1922 marker, specifically, demonstrates allele discrimination to the differentiation 
of major rice subspecies. Moreover, DNA fragment sequence analysis amplified from the 
InDel1922 marker revealed polymorphic microsatellites and led to SNP identification. The 
observed polymorphism of InDel1922 between indica and japonica groups might be associated 
with adaptations in the rice cultivation region. Japonica varieties are adapted to more temperate 
climates, while indica varieties are typically suited for tropical lowland cultivation15, leading 
to variations in the number of AAT-microsatellites. InDel polymorphism usually affects gene 
function. Therefore, the InDel1922 marker related to putative drought and salt stress gene will 
be useful for genetic research and the development of gene-based InDel marker.  
 The SNP was positioned immediately after the microsatellite repeat region, with one 
nucleotide variation observed in nine different varieties. Among these, five had the nucleotide 
T, while the remaining four had A. By combining the information from the AAT-microsatellite 
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with the A-T SNP, a total of four haplotypes were identified (Table 1). This combination of 
the microsatellite and linked SNPs can be considered a small haplotype16, making it a 
potentially valuable tool in the field of population genetics. 
 

 
 

Figure 1.  
The amplicons of the InDel1922 marker in local rice varieties.  

 
 

 
Figure 2.  

The sequencing results revealed a novel AAT-microsatellite, featuring repeats ranging from 
(AAT)5, (AAT)16 to (AAT)17, along with a SNP involving an A/T variation within the two 

distinct rice subspecies.   
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Table 1. 
The sequence analysis, an ATT-microsatellite repeat and a SNP with A/T alleles were 

identified. 
Subspecies Varieties Microsatellite SNP 

Indica rice KDML 105 (AAT)5 A 
LNP (AAT)5 T 
SYP (AAT)5 T 
CHP (AAT)5 T 
Minghui 63 (CP054677) (AAT)5 A 
Zhenshan 97 (CP056053) (AAT)5 T 
Shuhui498 (CP018158) (AAT)5 T 

Japonica rice Nipponbare (NW_015379175) (AAT)17 A 
Changxianggeng 1813 (CP101148) (AAT)16 A 

 
Conclusion:  
The InDel1922 marker associated with drought and salt stress displayed a monomorphic band 
among indica subspecies. However, when the sequences were aligned with those retrieved 
from the japonica subspecies in GenBank, it became evident that there were distinct groupings 
between the indica and japonica subspecies. Furthermore, during the sequence analysis, an 
ATT-microsatellite and a SNP featuring an A/T transversion were observed.   

The results of this analysis indicated a strong agreement between the insertion/deletion 
region and the microsatellite among the subspecies in the rice germplasm. This result suggests 
that genetic variation has remained notably higher between subspecies variation, supporting 
the genetic distinctiveness between indica and japonica rice varieties. 
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Abstract:  
  Short Chain Fatty Acids (SCFAs) are one of the numerous compounds produced by 
probiotic bacteria that are involved in metabolic processes. However, their roles in lipid 
metabolism and the underlying mechanisms are still unknown. In this investigation, the effect 
of SCFAs metabolites produced in the MRS culture medium of various probiotic bacteria 
including (Lacticaseibacillus paracasei SD1, Lacticaseibacillus rhamnosus SD11, L. 
paracasei SD1 and L. rhamnosus SD11, and Lacticaseibacillus rhamnosus GG) was 
examined. This study focused on propionic acid (PA) which could inhibit the fat production 
of adipocytes. The highest PA production was obtained with the combination of L. paracasei 
SD1 and L. rhamnosus SD11 during probiotics fermentation at 24 hours and 45 °C. The 
SCFAs lyophilized powder of these combinations was then applied to adipocyte cells. The 
MTT assay revealed that SCFAs lyophilized powder was not cytotoxic to 3T3-L1 adipocytes. 
The intracellular lipid accumulation was reduced by observation using Oil Red O staining. 
Additionally, the total phenolic content (TPC) and antioxidant activities of cell-free 
supernatants obtained from all probiotic isolates were investigated. SCFAs lyophilized 
powder of L. paracasei SD1 had the maximum TPC (1103. 01  38. 95 mg of gallic acid 
equivalents (GAE) per gram of SCFAs lyophilized powder). However, the greatest 
antioxidant activity was obtained from L. paracasei SD1 and L. rhamnosus SD11. These 
findings suggest that SCFAs obtained from the MRS culture medium of studied probiotic 
bacteria could be utilized as functional fermented foods. 
 
Introduction:  

 Short chain fatty acids (SCFAs) are primarily produced by the fermentation of dietary 
fiber by the microbiota. There are three main volatile acids, which include acetic acid, 
propionic acid, and butyric acid1. Recent evidence suggests that SCFAs play a significant role 
in human health, particularly in the development of metabolic disorders associated with an 
imbalance in the intestinal microbiota that leads to obesity2. The SCFAs could also exert an 
anti-obesity effect via other different pathways. SCFAs act as signal transduction molecules 
by binding and activating cell surface G-protein-coupled receptors, e.g., GPR 41 and GPR 43. 
This activation might affect the intestine and host metabolism resulting in an increase of the 
satiety hormones; PYY and GLP-1 and through the inhibition of HDACs3. SCFAs can also 
improve glucose homeostasis in an AMPK-dependent manner involving PPARγ-regulated 
effects on gluconeogenesis and lipogenesis4. SCFAs can stimulate adipocyte differentiation 
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and decrease lipid plasma levels through the inhibition of lipolysis and stimulation of 
lipogenesis and cholesterol plasma levels, enhancing its hepatic uptake. Among SCFAs, 
propionate enhances glucose-stimulated insulin release via GPR-43 and increases β-cell 
mass5.  

 Therefore, the objective of this research is to examine the effect of short chain fatty 
acids (SCFAs) on the accumulation of lipids in the 3T3-L1 adipocyte cell model. 
Additionally, this study aimed to explore the potential of enhancing systemic SCFA levels by 
means of dietary supplementation. The quantification of propionic acid, derived from certain 
probiotic strains (L. paracasei SD1, L. rhamnosus SD11, and LGG; commercially available 
probiotics), was conducted to represent SCFAs. The in vitro study investigated the effect of 
several doses of lyophilized powder containing SCFAs on 3T3-L1 adipocytes. Furthermore, 
the total phenolic content (TPC) and antioxidant activity of SCFAs lyophilized powder were 
evaluated for different probiotic strains. The SCFAs lyophilized powder exhibits potential as 
a replacement for live probiotic cells in food applications and has shown efficacy in the 
uncomplicated production of postbiotic products6. 

Methodology:  

Preparation of SCFAs lyophilized powder produced by bacteria probiotics 

 The probiotic strains include L. paracasei SD1, L. rhamnosus SD11, a combination of 
L. paracasei SD1 and L. rhamnosus SD11, and L. rhamnosus GG (ATCC 53103) (LGG). 
These strains were obtained from the Department of Oral Diagnostic Sciences at the Faculty 
of Dentistry, Prince of Songkla University. The bacterial strains were incubated for 
cultivation at a temperature of 45 °C for 24 hours in MRS broth. The cells of each strain were 
separated by centrifugation at 8500 rpm for 10 minutes at 4 °C, and 100 ml of the supernatant 
of MRS culture medium was prepared as a powder by freeze-drying method. For SCFAs 
extraction, the lyophilized powder was then dissolved in 10 ml of ultrapure water and mixed 
with 4 g of NaCl, 2 ml of H2SO4 (50% v/v), and 5 ml of pure diethyl ether. Then SCFAs were 
extracted by shaking for 30 minutes in a reaction vessel. After centrifugation at 5000 rpm for 
10 minutes at 4  °C, the upper diethyl ether fractions were collected and subsequently allowed 
for air-dried at 25  °C. Next, they were suspended in 200 µl of PBS and examined for 
propionic acid concentration using gas chromatography-flame ionization detection (GC-FID) 
(Agilent 7890A GC system with a flame ionization detector, Agilent Technologies Inc., Santa 
Clara, CA, USA) and a GC column (Agilent J & W GC column DB-FATWAX UI; 30 m × 
0.25 mm × 0.25 μm). The injected sample for analysis was 1 μl. A calibration curve of 
propionic with a GC grade purity (Sigma Aldrich, St. Louis, MO, USA) ranging from 0.08 to 
50 mM was used for quantification of propionic acid with the Agilent ChemStation plus 
software. 

Cell culture and differentiation  

  3T3-L1 cells (mouse immortalized fibroblasts) preadipocytes are cultured in DMEM 
supplemented with 10% FBS, 1% amphotericin b, and 1% Penicillin-Streptomycin (P/S) 
under humidified conditions (5% CO2, 37 C). The 3 × 104 3T3-L1 cells were seeded in a 24-
well plate and grown until 100% confluence. For adipocyte differentiation, the cell culture 
medium is changed to DMEM medium containing 10% FBS and 1% penicillin-streptomycin 
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(P/S) with differentiation solutions consisting of 0.5 mM IBMX, 1 μM DEX, and 10 μg/ml 
insulin (Day0). Subsequently, the cell culture medium was changed to DMEM containing 
10% FBS and 10 μg/ml insulin (Day 3), and the medium was replaced every 3 days until 
analysis (Day 9). On day 9, 3T3-L1 cells were fixed and stained with 0.5% Oil Red O 
solution to evaluate the accumulation of lipids in 3T3-L1 cells. 

Cell viability of 3T3-L1 cells 

  The cytotoxic effect of SCFAs lyophilized powder was evaluated via MTT assay. The 
3T3-L1 preadipocytes were seeded on a 96-well plate at a density of 5 × 103 cells/well. Cells 
were grown in DMEM until confluency of 80%. The 3T3-L1 cells are treated with various 
concentrations of SCFAs lyophilized powder (5 and 10 µM of PA) and then incubated for 24 
hours. Subsequently, 20 μl of 5 mg/ml solution of MTT was added to each sample and 
incubated for 4 hours. The formazan crystals were dissolved in DMSO and the absorbance at 
570 nm was measured using a microplate reader. Percentage cell viability was calculated 
using absorbance of sample/absorbance of control (MTT solution without sample) x 100. 

Lipid accumulation by Oil Red O staining 

 Adipocyte cells on day 0, 3, and 6 were treated with different concentrations of 
propionic acid. On day 9, the differentiated 3T3-L1 cells were rinsed twice with PBS, fixed 
with 1 ml of 10% buffered formalin at room temperature for 1 hour followed by washing with 
60% isopropanol. The cellular lipids were stained with 0.5% Oil Red O solution for 1 hour. 
Then the cells were washed twice with distilled water. The cells were observed under an 
inverted microscope (LionheartTMFX Automated Microscope, BioTek Instruments Inc., 
Winooski, VT, USA).  

DPPH radical scavenging assay 

  Free radical scavenging activity of different SCFAs lyophilized powder obtained from 
probiotics was measured by 1,1–diphenyl–2–picrylhydrazyl (DPPH) radical with the 
modified method from Brand-Williams et al. Briefly, the stock solution of 24% w/v of DPPH 
solution was prepared with analytical grade methanol and stored at 4 °C. The SCFAs 
lyophilized powder was dissolved in DI water in order to prepare 20 mg/mL stock sample 
solutions and then serial dilution with DI water was performed to prepare the required 
concentrated solutions (900, 1200, 1500, 1800, 2100, 2400 μg/mL). A 30 µl of SCFAs 
solution from each concentration was taken in a microplate well and 170 µL of DPPH 
solution was then added to each well. The mixture was kept in complete darkness for 30 
minutes. The absorbance was measured at wavelength 515 nm using and ascorbic acid as a 
positive control. Each sample was conducted in triplicate. The percentage of scavenging 
activity was calculated according to [Acontrol−(Asample−Ablank)]/Acontrol × 100, where Acontrol = 
the absorbance of DPPH solution, Asample = the absorbance of the sample and DPPH solution, 
and Ablank = the absorbance of the sample with methanol. The 50% inhibitory concentration; 
IC50 was obtained from linear regression analysis and used to evaluate the antioxidant 
capacity of each sample. 
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Determination of TPC 

  The TPC of the SCFAs lyophilized powder was spectrophotometrically determined 
using the Folin–Ciocalteu method. Aliquots of 25 µl of the SCFAs lyophilized powder (10 
µg/µl) were mixed with 100 µl of 25% (V/V) Folin–Ciocalteu reagent in a 96-well 
microplate. After 4 minutes, 75 µl of 10% (W/V) Na2CO3 was then added and incubated at 
room temperature for 2 hours. The absorbance of the incubated solution was determined at 
750 nm using a microplate reader (Thermo Scientific™ Varioskan™ LUX multimode 
microplate reader). Total phenolic contents were reported as gallic acid equivalents 
(mgGAE/g dry mass). Each sample was conducted in triplicate. 

Results and Discussion:  
 
Determination of PA concentration in SCFAs lyophilized powder  
 
 The PA concentration of the SCFAs lyophilized powder produced from various 
probiotics strains by cultivation at 24 hours at 45 °C was analyzed using GC-FID. The results 
demonstrated that the combination of L. paracasei SD1 and L. rhamnosus SD11 can produce 
the highest concentration of PA (16.50  0.16 mM) compared to other probiotics, as shown in 
Table 1. There are also significant differences between the various probiotic strains. This 
result supported our previous work that the combination of probiotic strains exhibited strong 
SCFAs producer compared to the individual strain. Thus, this strain combination was chosen 
to test in the cell model. 
 

Table 1 PA concentration produced from various probiotic strains  

Probiotic PA concentration (mM) 
L. paracasei SD1 14.77  0.08D 

L. rhamnosus SD11 15.05  0.08B 

L. paracasei SD1 and L. rhamnosus SD11  
LGG 

16.50  0.16A 

14.93  0.06C 

Uppercase letters show significant differences between different probiotic strains (A-D) at the same incubation time for 24 
hours at 45 C (P < 0.05). Statistical analysis was performed with the Kruskal–Wallis test, followed by the Mann–Whitney U 
test. 
 
Effect of SCFAs lyophilized powder on lipid accumulation 
MTT assay 

  To evaluate the cytotoxicity, the cells were then treated with the SCFAs lyophilized 
powder derived from the combination of L. paracasei SD1 and L. rhamnosus SD11. The PA 
concentrations treated were 5 and 10 µM. The cell viability of PA at 10 µM was slightly 
decreased comparing to control (0 µM); 95.62 ± 0.33%. However, MTT results revealed that 
the lyophilized powder of SCFAs has no cytotoxic effect on preadipocyte 3T3-L1 cells 
followed by ISO 10993-5 (Table 2). In the subsequent investigation, the SCFAs lyophilized 
powder at these concentrations was applied. 
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Table 2 Cell viability by MTT assay 

PA concentration (µM) Cell viability Percentage 
0 101.63  1.94 

5 97.69  3.04 

 10 95.62  0.33 

 
Oil Red O staining 
  To investigate the effects of SCFAs lyophilized powder on lipid accumulation in the 
adipocyte 3T3-L1 cell, Oil Red O staining was performed. In the differentiation state, the cell 
morphology progressively altered from an original fiber form (fibroblast cell) to a circular 
shape. Figure 1 displays a decrease in lipid droplets (red spot) in both PA concentrations of 5 
and 10 µM when compared to the control group. These results suggest that SCFAs 
lyophilized powder dose-dependently inhibited lipid accumulation in 3T3-L1 adipocytes. The 
formation of lipid accumulation was found to be significantly reduced when cell-free 
metabolites (CM), particularly SCFAs derived from Bacillus ginsengihumi-RO6 (CMRO6) 
were present at a concentration of 100 µg/ml, in comparison to the control group and other 
concentrations7. Moreover, the SCFAs lyophilized powder at 5,000 µg/ml inhibited lipid 
accumulation in this investigation. Various concentrations of SCFAs produced by distinct 
isolates may therefore have an inhibition effect at different levels on 3T3-L1 adipocytes. 
Additional consideration is given to the dose dependence of the total metabolite 
concentrations investigated in the cell model. Among the metabolites of the postbiotics, the 
function of SCFAs could protect against diet-induced obesity4,8. In particular propionic acid 
(PA) has an effect on decreasing cholesterol synthesis by inhibiting the activity of the enzyme 
acetyl-CoA synthetase, acting as a precursor for hepatic gluconeogenesis thereby decreasing 
the hepatic synthesis of cholesterol and inhibiting the expression of resistance in human 
adipose tissue9. Nevertheless, additional investigation of alternative metabolites that inhibit 
lipid accumulation is also required. 
 

 
Figure 1 Effects of SCFAs lyophilized powder on lipid accumulation in 3T3-L1 adipocytes.  

Determination of antioxidant capacity and TPC of SCFAs lyophilized powder  
DPPH assay 

The antioxidant activity was studied by using a DPPH assay. Then, the IC50 value was 
calculated to determine the concentration of the sample required to inhibit 50% of the radical. 
The lower the IC50 value, the greater the antioxidant activity of the SCFAs lyophilized 
powder as a beneficial bioproduct derived from probiotics. In Table 3, the IC50 values of the 
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combination of L. paracasei SD1 and L.rhamnosus SD11 exhibited the significantly highest 
antioxidant activity (1153.59  66.97 μg/ml) followed by L. paracasei SD1 (1329.59  33.89 
μg/ml), LGG (1408.03  36.24 μg/ml), and L. rhamnosus SD11 (1681.59  48.98 μg/ml) 
respectively. According to another study reported that the scavenging activity of lyophilized 
cell-free supernatant (LCFS) of Lactobacillus isolates is in the range of 115.9 ± 0.47−117.2 ± 
0.26 μg/ml10 since the phenolics and flavonoids are the major compounds responsible for the 
greater antioxidant activities. While the major metabolite of our work was SCFAs. 
TPC assay 

The results of total phenolic content indicated that the SCFAs lyophilized powder 
produced from L. paracasei SD1 contained the maximum levels of phenolic content (1103.01 
 38.95 mgGAE/g powder) compared to other probiotics, and there were significant 
differences between different probiotic strains (Table 3). The TCP value of the LCFS of 
Lactobacillus in a previous investigation ranged from 202.7 ± 1.42 µgGAE/g to 283.4 ± 
11.91 µgGAE/g), which is lower than the phenolic content in our studied probiotics10. 
 
Table 3 IC50 value and TPC of the SCFAs lyophilized powder 
 

SCFAs lyophilized powder sample IC50 (µg/ml) TPC (mgGAE/g powder) 
L. paracasei SD1 1329.59  33.89B 1103.01  38.95A 

L. rhamnosus SD11 1681.59  48.98D 946.97  34.73D 

L. paracasei SD1 and L. rhamnosus SD11  
LGG 

1153.59  66.97A 

1408.03  36.24C 
1020.59  23.89B 

980.24  25.49C 

 
Uppercase letters show significant differences between different probiotic strains (A-D) at the same incubation time for 24 
hours at 45 C (P < 0.05). Statistical analysis was performed with the Kruskal–Wallis test, followed by the Mann–Whitney U 
test. 
 
Conclusion  
  The present study revealed that SCFAs lyophilized powder from the probiotic bacteria 
L.  paracasei SD1 and L.  rhamnosus SD11 with the highest concentration of propionic acid 
exhibit the suppression of lipid accumulation in 3T3-L1 cell in vitro. Additionally, SCFAs 
lyophilized powder produced from various probiotics has different phenolic content and 
antioxidant activities. The next study will focus on elucidating the mechanism underlying the 
effect of SCFAs and the in vivo investigation for preventing or treating obesity. 
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Abstract:  

ATP sulfurylase (ATPS) is the first enzyme of the sulfur assimilation pathway in 
plants. The enzyme functions as a nucleotidyl transferase that catalyzes the adenylation of 
sulfate to yield adenosine 5’-phosphosulfate (APS). APS is then further converted into 
sulphur-containing amino acids, as well as various secondary metabolites. Durian (Durio 
zibethinus) fruit is rich in volatile sulfur compounds. Thus, we are interested in the 
characterization of ATPS in durian. ATP sulfurylase from durian was expressed in 
Escherichia coli and purified using Ni-NTA resin affinity chromatography and ion exchange 
chromatography. The enzyme activity was measured using a coupled assay. 

 
Introduction:  

ATP sulfurylase (ATPS) is a key enzyme in the sulfur assimilation pathway in various 
organisms, including plants, bacteria, and fungi. This enzyme is a nucleotidyl transferase 
which catalyzes the adenylation of sulfate to adenosine 5’-phosphosulfate (APS). APS is the 
substrate for further synthesis of cysteine, methionine, and other sulfur-containing 
compounds. In plants, ATPS is located in the chloroplasts (Prioretti et al. 2014). In several 
organisms, ATPS is the rate-limiting enzyme of the sulfur assimilation process. Since the 
durian fruit is rich in sulfur-containing compounds, investigation of ATPS from durian 
(Durio zibethinus) may lead to more understanding of the sulfur assimilatory pathway. This 
study aims to characterize the kinetic property of durian ATPS.  
 
Methodology:  
Enzyme expression and purification 
 The durian ATPS gene is cloned into pET-24a. This gene sequence is verified and the 
transformed Escherichia coli was then inoculated into the LB medium supplemented with 50 
𝜇g/mL kanamycin and incubated at 37 °C overnight as a starter culture. The overnight culture 
was innoculated into a fresh TB broth  (1:50) containing 50 𝜇g/mL kanamycin, and cultured 
at 37°C. The optical density (OD) at 600 nm was measured every hour until the value reached 
0 .6 . Isopropyl β-d-1 -thiogalactopyranoside (IPTG) was added to 0 .1  mM and incubated at 
1 6 ° C overnight. The cells were lysed and the enzyme was purified by Ni-NTA affinity 
chromatography and ion exchange chromatography. The purity of the enzyme is analyzed by 
SDS-PAGE. The protein concentration was determined by UV-visible spectrophotometry. 
 
Enzymatic activity of ATPS 

The activity of ATP sulfurylase from durian were assayed using a couple enzyme 
assay (Phartiyal et al., 2006). The activity was measured in a buffer solution containing 0.05 
U APS kinase, 20 U pyruvate kinase, 30 U lactate dehydrogenase, 15 mM MgCl2, 250 mM 
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NaCl, 0.2 mM NADH, 20 mM Na2SO4, 0-10 mM ATP and 20 mM Tris buffer (pH 8.0). The 
rate of NADH consumption was monitored by spectrophotometry at 340 nm.  
Results and Discussion:  
   

The durian ATPS with a His-tag was purified by a Ni-NTA affinity column, as shown 
in (Figure 1). The SDS-PAGE result showed large ATPS bands but other minor bands were 
clearly visible. Thus, the protein was further purified by anion exchange chromatography to 
be used in further experiments (Figure 2). 

To measure the enzymatic activity of ATPS, the enzyme coupled assay was used and 
the initial rate was measured as the decreasing NADH absorbance at 340 nm (Figure 3). The 
Km for ATP is 0.3 mM, which is comparable to soybean ATPS (around 0.2 mM) (Phartiyal 
et al., 2006). 

The amino acid sequence of durian ATPS and soybean ATPS were also compared by 
sequence alignment (Figure 4) Durian ATPS (residue Arg-201, Asn-202, Arg-302 and His-
208) shared the same transition state stabilizing amino acids as soybean ATPS (residue Arg-
248, Asn-249, His255 and Arg349). This observation explains the similarity in catalytic 
activity between durian ATPS and soybean ATPS. Rate measurements at various sulfate 
concentrations to obtain more reliable Km values, as well as investigation of the reverse 
reaction is currently in progress.     

In addition to sequence alignment, the 3D structure of durian ATPS was explored 
through homology modeling using phyre2 (Figure 5). As expected, phyre2 suggests that 
soybean ATPS (PDB: 4maf) (Hermann et al., 2014) shares the highest similarity with durian 
ATPS at 88% identity the RMSD of 0.040 Å. The catalytic residues of durian ATPS could be 
modeled into the homologous position as in soybean ATPS. Therefore, durian ATPS is 
expected to have a very similar structure as soybean ATPS. Experimental structure 
determination of durian ATPS by X-ray crystallography is in progress. 

 
 
 
 
 
 
 
 
 
   
 
 
 
 

 
 
 

Figure 1.  
SDS-PAGE results of Ni-NTA affinity chromatography of durian ATPS. M = marker and FT 

= flow-through.  
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Figure 2.  
SDS-PAGE results of anion exchange chromatography of durian ATPS after Ni-NTA affinity 

chromatography. M = marker and FT = flow-through. 
 
 
 
 
 

 
 

Figure 3.  
 

Enzymatic activity of durian ATPS at 20 mM sulfate concentration 
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ATPS DZ            1 MASSIFIQTSFPSKSVNKSLNTHFIPSFKLPVSLPFKSRTTMPKRVLVRA     50 
                                                                        
ATPS GM            1 --------------------------------------------------      0 
 
ATPS DZ           51 GLIEPDGGKLVDLHVAELERELKKREAALLPRVKLTKIDLQWVHVLSEGW    100 
                     .||||||||||:|.|.:.||:|||.||..|||:||::|||:||||||||| 
ATPS GM            1 MLIEPDGGKLVELVVTDFERDLKKGEALSLPRIKLSRIDLEWVHVLSEGW     50 
 
ATPS DZ            101 ASPLTGFMKESEFLQTLHFNSLRLDDGSSVNMSVPIVLAIDDSQKERIGE    150 
                     |:||.|||:|:|||||||||||||||||.|||||||||||||:||.|||: 
ATPS GM           51 ATPLKGFMREAEFLQTLHFNSLRLDDGSVVNMSVPIVLAIDDAQKHRIGD    100 
 
ATPS DZ          151 SNSVALVDSDDKPVAILSNIEIYKHPKEERIARTWGTTAPGLPYVEETIT    200 
                     :..|||.||...|||||:|||||||||||||||||||.||||||||:||| 
ATPS GM          101 NKKVALFDSKGDPVAILNNIEIYKHPKEERIARTWGTIAPGLPYVEQTIT    150 
 
ATPS DZ          201 NAGNWLIGGDLQVIEPIKYHDGLDRFRLSPVQLRQEFERRNADAVFAFQL    250 
                     |||||||||||:|||||:|:||||.|||||.|||.||.|||||||||||| 
ATPS GM          151 NAGNWLIGGDLEVIEPIQYNDGLDHFRLSPTQLRAEFTRRNADAVFAFQL    200 
 
ATPS DZ          251 RNPVHNGHALLMTDTRRRLLEMGYKNPILLLHPLGGYTKADDVPLTWRMK    300 
                     ||||||||||||||||:||||||||||:|||||||||||||||||.|||| 
ATPS GM          201 RNPVHNGHALLMTDTRKRLLEMGYKNPVLLLHPLGGYTKADDVPLDWRMK    250 
 
ATPS DZ          301 QHEKVLEDGVLDPETTVVSIFPSPMHYAGPTEVQWHAKARINAGANFYIV    350 
                     |||||||||||||||||||||||||||||||||||||||||||||||||| 
ATPS GM          251 QHEKVLEDGVLDPETTVVSIFPSPMHYAGPTEVQWHAKARINAGANFYIV    300 
 
ATPS DZ          351 GRDPAGMGHPVEKRDLYDADHGKKVLSMAPGLERLNILPFRVAAYDKTQG    400 
                     |||||||.|||||||||||||||||||||||||||||||||||||||||| 
ATPS GM          301 GRDPAGMSHPVEKRDLYDADHGKKVLSMAPGLERLNILPFRVAAYDKTQG    350 
 
ATPS DZ          401 KMAFFDPSRAQDFLFISGTKMRTLAKNKENPPDGFMCPGGWKVLVEYYDS    450 
                     |||||||||.|||||||||||||||:|||:|||||||||||||||:|||| 
ATPS GM          351 KMAFFDPSRPQDFLFISGTKMRTLARNKESPPDGFMCPGGWKVLVDYYDS    400 
 
ATPS DZ          451 LTYSDNGRIPEAVRA    465 
                     |..|            
ATPS GM          401 LVLS-----------    404 

 
Figure 4.  

The sequence alignment between durian ATPS (DZ) and soybean ATPS (GM). Active site 
residues are noted in red. The sequence alignment shows that all amino acids at the active site 

are the same. 
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Figure 5.  
 

Active site superposition of soybean ATPS (PDB; 4maf chain H, brown) and homology 
model of durian ATPS (light blue) with transition state stabilizer amino acids colored in 

orange.  
 
Conclusion:  

Durian ATPS can be express and purified with Ni-NTA affinity chromatography and 
followed by anion exchange chromatography. The ATPS activity of durian ATPS was 
confirmed. The active site residues are conserved between durian and soybean ATPS. The 
three-dimensional structure of these two proteins are also expected to be similar. 
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Abstract:  

The spike protein of coronavirus is a multidomain glycoprotein that contains a 
receptor binding domain (RBD) which plays a pivotal role in binding to the host cell receptor 
ACE2, and an N-terminus domain (NTD) whose functional attributes in SARS-CoV-2 and 
other related non-human coronaviruses remain incompletely elucidated. It has been proposed 
that the sialylated glycans present on the surface of host cells engage in interactions with the 
NTD spike protein which mediates the virus's attachment to the host cell. To demonstrate the 
role of the SARS-CoV-2 and bat SARS-like CoVs’ NTD domains in glycan binding and viral 
infection process, we will utilize a variety of biophysical techniques and conduct cell-based 
assays. This knowledge regarding the role of NTD domain is crucial for further exploring its 
significance in glycan binding, and for discovering potential inhibitors preventing glycan-
spike interaction during viral entry. 

 
Introduction:  

The spread of coronavirus disease 2019 (COVID19) has caused millions of deaths 
among the human population. COVID19 is caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). SARS-CoV-2 exhibits a higher transmission efficiency 
compared to other human coronaviruses.1 The emergence of COVID19 pandemic accelerates 
the research and knowledge against this situation. Currently, Omicron variant is one of the 
prominent circulating variants of concern (VOCs), emerged in November 2021.2 New sub-
lineages continue to emerge and spread around the word.3  

SARS-CoV-2 variants have undergone numerous mutations in the S gene encoding 
for spike protein. Since the primary vaccine strategy relies on the design of mRNA encoding 
spike protein , the alterations of the spike protein's sequence and structure potentially enhance 
affinity to the host receptor or enable evasion of antibody recognition.4 The N-terminal 
domain (NTD) of spike protein represents an interesting study target because it exhibits the 
highest number of sequence variants among different SARS-like CoVs from various host 
species. Moreover, accumulation of new mutations within this domain are rapidly rising in 
SARS-CoV-2 strains detected in human population. Previous studies have shown that the 
NTDs of SARS-like CoVs, such as MERS-CoV, BCoV, and HCoV act as lectins.5-8 Lectins 
are glycan binding proteins found in many organisms including viruses, which are 
components of viral surface proteins. 3D structures of spike proteins from these viruses in 
complex with sialoglycans have been solved by cryo-EM which identify the location of the 
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sialoglycan binding site in NTD and the amino acid epitopes that participate in the 
sialoglycan interaction.6, 7, 9 The viral-glycan interactions facilitate attachment through 
binding between viral lectin and host glycan on the surface of cells. Sialoglycans are found 
prevalently on vertebrate cell surface and have been demonstrated as receptors for several 
viral lectins.10 Given the important roles of viral-lectin-to-host-glycan interaction in viral 
pathogenicity, interference of viral lectin-host-glycan interaction can therefore be explored as 
an alternative antiviral strategy. In addition to their involvement in human viral infections, 
NTD of non-human coronavirus displayed varying levels of glycan binding capability on a 
glycoprotein in vitro, but the biological significance and the exact identity of the glycan that 
engaged the NTD remain unknown.11 The conservation or loss of NTD-glycan interaction in 
SARS-CoV-2 and bat SARS-like CoVs as well as the role played by this domain in the 
evolution and inter-/intra-species transmission of the viruses, can serve as a marker for 
monitoring and predicting the potential emergence of new SARS-like CoVs that may pose a 
threat to humans or animal livestock. 

In this research, analysis of sequence and structure of NTD domains from bat SARS-
like CoV and human SARS-CoV-2 were performed to elucidate the conservation or variation 
of the putative glycan binding site in the NTD domains. To gain understanding in the 
function of the putative glycan binding site on viral entry, we used pseudotyped virus of 
SARS-CoV-2 wild type (WT) and its variants as a tool to study the effect of mutations of the 
glycan binding site on viral entry.  Lastly, we used dynamic light scattering (DLS) to 
investigate an interaction between SARS-CoV-2 pseudotyped virus and sialoglycan-
containing glycoprotein. Our study can shed light on the role of glycan-lectin interaction in 
the viral pathogenesis in human and other organisms. 
 
Methodology:  
Computational analysis of NTD domain 

The sequence and structure of SARS-CoV-2 and bat CoV spike proteins were 
compared to find possible sialoglycan-binding site. Data of a sequence and structure of the 
SARS-CoV-2 and bat SARS-like CoVs spike proteins were available in GenBank and Protein 
Data Bank (PDB). The protein sequences of these NTD spike proteins were aligned using 
Clustal Omega to generate multiple sequence alignments. Experimentally-solved protein 
structure of the SARS-CoV-2 variants and RaTG13 spike were retrieved from PDB. 
RacCS203 and BANAL-236 NTD structures were predicted and modelled by AlphaFold. The 
protein structure of SARS-CoV-2 variants and bat SARS-like CoV NTDs were visualized by 
PyMOL. 

 
Production of SARS-CoV-2 pseudovirus  

Spike-pseudoviruses were produced using HIV-based lentiviral system. This system 
requires co-transfecting cells with a lentiviral backbone encoding, a plasmid expressing Spike 
and plasmids encoding the other HIV proteins necessary to assemble viral particles. The 
protocol was adapted from Crawford KHD, et al.12 All plasmids were obtained from BEI 
resources (https://www.beiresources.org/).  
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HEK293T cells were seeded to the confluency of 60%-80%. Then, the cells were 
transfected with plasmids encoding lentiviral backbone, a plasmid expressing spike and 
plasmids encoding the other HIV proteins necessary to assemble viral particles using 
jetPRIME (Polyplus-transfection), including 1:2 DNA to jetPRIME reagent in jetPRIME 
buffer. The transfected cells were incubated at 37℃ under humidified atmosphere with 5% 
CO2. At 24 hr post-transfection, the transfection media was replaced with a complete media 
(DMEM-HG with 10% FBS). The next day (48 hr post-transfection), the media was collected 
and stored at 4 ℃ overnight, then added a fresh complete media. Lastly, at 72 hr post-
transfection, all harvested media from each day were pooled, centrifuged for 5 mins at 3,000 
x g, room temp, and stored at -80 ℃. 

 
Spike-mediated pseudovirus entry assay 

To investigate the infectivity of SARS-CoV-2 pseudoviruses, luciferase assay was 
performed in mammalian cells. Spike-pseudovirus containing specific sialoglycan-binding 
site mutation of SARS-CoV-2, was used for analyzing an involvement of sialic acid in viral 
entry and cell-cell fusion.  

HEK293T-ACE2 cell was seeded to 60%-80% confluence in a 96-well plate. 24-hour 
after seeding, pseudoviruses were used to enter recipient cells, HEK293T-ACE. After 
incubation of pseudoviruses with recipient cells at 37℃  under humidified atmosphere with 
5% CO2 for 48 h, the media was removed followed by the addition of luciferase substrate, 
Bright-Glo following the manufacturer’s instructions (Promega). Luminescence was 
measured using a Cytation 7 imaging reader (Agilent BioTek). All measurements were 
carried out on three technical replicates. 

 
Dynamic light scattering (DLS) 

Interaction study of pseudovirus, and glycan ware performed by dynamic light 
scattering (DLS). Glycan that will be used in DLS is fetuin, a glycoprotein containing 
sialylated N-linked and O-linked glycans to detect an interaction with pseudoviruses. DLS 
measurements were performed with a Malvern Zetasizer Nano ZS instrument.  All samples 
were prepared in filtered PBS including 10X dilution of SARS-CoV-2 pseudotyped viruses 
and sialoglycan-containing glycoprotein, fetuin (New England Biolabs). The mixture of 
pseudotyped virus and fetuin was pre-incubated at room temperature for 30 min prior to 
measurement. The measurements were performed at a controlled temperature of 25 °C with 
three repetitions. The correlogram and size distributions were obtained from the Zetasizer 
software. 
 
Results and Discussion:  
The sequence and structural analysis of NTDs 

To investigate the conservation of sialoside-binding site within the NTDs spike of bat 
SARS-like CoVs, a multiple sequence alignment was performed on SARS-CoV-2 and bat 
SARS-like CoV NTDs. The information of SARS-CoV-2 variants and bat SARS-like CoVs 
under our investigation are summarized in Table 1. Our sequence analysis (Figure 1) showed 
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that the Omicron variant displayed a deletion (Δ145) within its sialoside-binding site, which 
raises the possibility that this deletion may compromise the interaction between the NTD and 
sialic acid. The sialoside-binding site of RaTG13 exhibited conservation, while this 
conservation was not observed in RacCS203 and BANAL-236. In BANAL-236, specific 
amino acids were changed to F145 and G246, resulting in a significant alteration in their 
ability to form hydrogen bonds with sialic acid. In the case of RacCS203, although amino 
acids Q136, T168, and N236 underwent modifications, a functional group capable of 
potentially forming a hydrogen bond with sialic acid remained. 

 
Table 1. SARS-CoV-2 variants and bat SARS-like CoVs in our study. 

Coronaviruses Zoonotic origin 
SARS-CoV-2 WT Human 

SARS-CoV-2 Omicron (BA. 2) Human 
RaTG13 Rhinolophus affinis 

RacCS203 Rhinolophus acuminatus 
BANAL-236 Rhinolophus marshalli 

 

 
Figure 1. Sequence alignment of SARS-CoV-2 and SARS-like CoVs NTDs obtained from 
Clustal Omega. Dark blue, amino acids are conserved; light blue, amino acid changes with 
similar properties; white, amino acid changes with different properties; red box, putative 

sialoglycan-interacting residues; black box, other residues in the sialoglycan binding pocket. 
 

The analysis of SARS-CoV-2 and bat SARS-like CoVs NTD-spike proteins involved 
the use of various computational tools available online, including PDB, AlphaFold, and 
Clustal Omega. While the 3D structures of SARS-CoV-2 and RaTG13 spike proteins are 
currently accessible from PDB, the structures of bat RacCS203 and BANAL-236 spike 
proteins have not been experimentally solved. To address this, the protein structure prediction 
software, AlphaFold, was employed to predict the structures of RacCS203 and BANAL-236 
NTDs. Subsequently, a comparison of the structures of WT and Omicron variants, along with 
those of bat SARS-like CoV NTDs (RaTG13, RacCS203, and BANAL-236), were generated 
and presented in Figure 2A. The overall structures exhibited similarities and displayed a β-
sandwich-like architecture, which is a conserved feature in all beta-coronaviruses. Figure 2B 
specifically highlights key residues within the sialoglycan binding site of SARS-CoV-2 WT 
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NTD. These residues, Y145, Q183, and S247, form hydrogen bonds with N-Acetyl-α-
neuraminic acid (Sia), which is a terminal sugar in sialoglycan. Sia was also surrounded by 
additional residues, including H69, W152, L249, and T259.13  

From a structural perspective, RaTG13 appears to have a deep groove or pocket that 
is well-suited for binding to glycan molecules. This suggests that RaTG13 is likely to have a 
conserved glycan-binding capability due to the substantial space available within the binding 
site. In contrast, RacCS203 features a moderately sized pocket, indicating a moderate level of 
space available for accommodating sialic acid or glycan molecules. BANAL-236, moreover 
presents a relatively flat region to accommodate glycan. This suggests that BANAL-236 may 
have a reduced capacity for glycan binding, given the limited space within its binding site. It 
can be implied that the glycan binding capability in BANAL might be different from both 
RaTG13 and RacCS203, possibly less effective or even altered. 
 

 
Figure 2. Structural analysis of SARS-CoV-2 and SARS-like CoVs NTDs. (A) Coronavirus 
and spike protein visualization. (B) The NTD structure of SARS-CoV-2 WT (PDB:7QUR), 
Omicron (PDB:7T9J), RaTG13 (PDB:7CN4), RacCS203, and BANAL-236 (AlphaFold). 

(C) The sialoside-binding site of SARS-CoV-2 NTD in complex with N-Acetyl-a-neuraminic 
acid and the putative binding pocket in the structural models of RaTG13, RacCS203 and 

BANAL-236. 
 
Interaction study of SARS-CoV-2 pseudotype virus and glycoprotein 
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The pseudovirus-spike of SARS-CoV-2 WT and variants are non-propagative viral 
particles bearing spike proteins on the particle surface. These pseudoviruses were produced 
and subjected to analysis to determine their interaction with fetuin glycoprotein, a highly 
sialylated glycoprotein standard. Dynamic Light Scattering (DLS) was employed for this 
purpose, as it is a valuable tool for examining the size and aggregation of molecules. In our 
study, DLS was used to investigate any increases in the size of the glycoprotein and the viral 
particles which would indicate the interaction between the viral particles and the 
glycoprotein. 

Mixtures of pseudovirus from WT and Omicron, along with fetuin, were pre-
incubated at room temperature for 30 minutes before DLS measurement. The correlograms 
for all measurements displayed good quality, with y-intercepts falling within the range of 0.7 
to 1. The size distribution profile of the pseudovirus revealed three distinct populations. For 
the WT variant, the sizes were approximately 10, 50, and 770 nm, whereas the Omicron 
variant had a size of 570 nm. Notably, there were also DLS reports of virus-like particles 
typically falling within the size range of around 50 nm, which exhibited similarities to the 
pseudovirus.14 In Figure 3A, the average diameter of the pseudovirus cluster from WT 
shifted from 770 nm to 1200 nm, suggesting a likely interaction between the pseudovirus and 
the glycoprotein. However, in Figure 3B, the average diameter of the pseudovirus cluster 
associated with Omicron remained consistent at 570 nm. This observation suggests that there 
is only minor interaction between pseudovirus Omicron and fetuin glycoprotein, aligning 
with a previous study that demonstrated reduced binding of the Omicron NTD spike to 
sialoglycan using protein nuclear magnetic resonance (NMR) method.13 
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Figure 3. Correlogram and size distribution of pseudovirus and fetuin mixture.  

(A) Pseudovirus WT (blue) sample and a mixture of pseudovirus WT and fetuin (orange).  
(B) Pseudovirus Omicron (purple) sample and a mixture of pseudovirus Omicron and fetuin 

(magenta). 
 

The infectivity of SARS-CoV-2 pseudoviruses 
Specific mutations in the NTD domain may affect the molecular interactions between 

host sialoglycan and the virus, which may subsequently disturb the viral entry. To investigate 
the effect of NTD mutations in the putative glycan binding site on the viral entry, we 
generated pseudoviruses carrying the spike protein of SARS-CoV-2 bearing H69 and Y145 
deletions. The infectivity of these pseudoviruses was assessed by infecting HEK293T-ACE2 
cells with luciferase-expressing pseudotyped viruses. Surprisingly, pseudotyped virus 
containing H69 and Y145 deletions exhibited a significant increase in infectivity, as shown in 
Figure 4. Although NTD of Omicron variants, including the Y145 deletion, have 
demonstrated reduced binding to sialoglycan according to our previous DLS experiment and 
a report in the study by Buchanan et al. in 2022, it is possible that this reduction in 
sialoglycan attachment is possibly compensate by other spike-mediated functions. For 
instance, the increase in the viral entry of caused by H69 deletion observed in our study 
corresponded with the study on the H69/70 deletion observed in the alpha variant, where the 
virus enhanced infectivity through increased incorporation of spike proteins into viral 
particles.15 Additionally, it has also been proposed that some NTD mutations cause the 
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allosteric modulation of the NTD domain that influence spike properties related to viral 
infection process such as virus fusogenicity to host cell.16, 17 

 

 
Figure 4. Entry of pseudovirus containing WT(D614G) and delH69&Y145 spike to 
HEK293T-ACE2 cell as measured by luciferase assay. The data represent triplicates. 

 
Conclusion:  

Our research focused on investigating the interactions of the N-terminal domain 
(NTD) of the SARS-CoV-2 and bat SARS-like CoVs spike glycoprotein with sialoglycan. 
The goal is to gain insights into how these interactions may influence and contribute to viral 
infection. The structural analysis of NTDs revealed a common β-sheet arrangement forming a 
sandwich-like architecture, a feature conserved across all coronaviruses. Although the 
conservation and possible glycan binding site were explored by sequence and structural 
analyses, further investigations into the functions of these NTDs, particularly their glycan-
binding abilities, will be pursued. Highly sensitive biophysical techniques, such as surface 
plasmon resonance (SPR), will be employed to validate and confirm the interactions of these 
NTD domains with different types of sialoglycans in order to determine the specificity of the 
interaction.  

SARS-CoV-2 variants have accumulated numerous mutations within the NTD. Given 
the mutations identified in the sialoglycan binding site of the Omicron variant, we proceeded 
to assess the interaction between the pseudovirus and sialoglycan-containing glycoprotein 
through the application of dynamic light scattering (DLS). The pseudovirus bearing WT 
spike displayed a significant increase in particle size upon incubation with fetuin, indicating 
an interaction between the glycoprotein and WT pseudoviruses. However, the interaction was 
attenuated in the Omicron variant. These results corresponded with the hypothesis that certain 
SARS-CoV-2 variants, including Omicron, have undergone mutations that lead to the 
attenuated ability to bind to human glycans to facilitate the release of the virions from the 
host cells after cell lysis.  

The molecular mechanism through which these mutations impact the interaction 
between the spike protein and auxiliary receptors, such as sialylated glycans, and 
consequently alter infectivity, are still not fully understood. We created the pseudotyped 
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bearing mutations in the sialoglycan binding site of SARS-CoV-2 (deletion of H69 and 
Y145), which, to our surprise, exhibited an enhancement in viral entry. We hypothesized that 
the enhancement in the entry may be due to the allosteric effect on the NTD that results in an 
increase in the ability of the viral to fuse with the host membrane. Nevertheless, it is still a 
matter of investigation to understand how these spike mutations, including other residues 
within the sialoside binding site, influence the virus's binding to sialic acid and subsequently 
impact infectivity and virus fusogenicity. 

In addition to the preliminary findings indicate to an interaction between SARS-CoV-
2 pseudovirus and sialoglycan, it is crucial to investigate the role of the NTD domain in 
glycan binding, its involvement in viral infections, as well as the effect of sialoglycan-
binding site and sialic acid in infectivity and fusogenicity. However, the identification of the 
glycans engaging the NTD in bat coronaviruses remains unknown. To address this, we will 
express and purify NTD recombinant proteins from SARS-like CoVs and SARS-CoV-2. 
These proteins will be used for in-depth investigations into the functions of the NTD in 
protein-glycan interactions. 
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Abstract:  

Intelligent film is film that can detect the freshness of food. It is consisted of two parts: 
a film forming agents and pH-sensitive dyes. Thus, dyes used for this purpose, should be safe 
for consumers such as natural dyes. Anthocyanins are found in high content in natural edible 
fruits and flowers. Its structure changes with different pH conditions, resulting in different color 
development. Thus, anthocyanin derived from colored rice could be used as a natural dye for 
pH-sensitive indicator film. Therefore, this project was aimed to extract anthocyanins from 
colored rice grown in Pattani province, Thailand, namely Jeudanor (JD), for fabrication of an 
intelligent film. The pH-differential method was used to determine the anthocyanin content of 
Jeudanor rice, and the pH sensitivity of the obtained anthocyanin was also investigated. 
According to the results, JD extract with 50% ethanol had the highest anthocyanin content. The 
color of JD extract changed as the pH increased from 10 to 12.  Furthermore, anthocyanins and 
phycocyanins extracted from three different sources; butterfly pea (BP), mulberry (ML), and 
wakame (WK), were mixed with JD rice extracted. The color of JD mixed with butterfly pea 
(BP) extract had clearly changing results in a pH solution ranging from 8 to 10. The intelligent 
film was then fabricated by combining 6:1 anthocyanin extract from JD and BP with 
carboxymethyl cellulose (CMC) and sodium alginate (SA). The addition of JD and BP extract 
in film forming matrices increased the films' thickness, moisture content, and water solubility. 
The FTIR results revealed that the main function groups of anthocyanin extract were 
compatible with those found in the film-based materials. The developed intelligent film was 
sensitive to volatile ammonia and showed a visual color change from light purple to dark-green 
for the monitoring of shrimp and fish freshness during 48 h of storage at 4 °C. 
Keywords: Intelligent film, Spoilage, Anthocyanin, Carboxymethyl cellulose 
 
Introduction:  

In general, bacteria that decompose protein from meats cause the spoilage of sea food 
or other animal products. This process generates volatile basic nitrogen-containing compounds 
(VBN), including ammonia, which causes acidity changes in the food packaging environment1. 
A variety of intelligent indicator films, including pH indicator film2, CO2 indicator film3, are 
now widely used for food monitoring. The intelligent film plays a major role as a medium 
between food products and consumers. The film's primary function is to monitor the 
environmental status of food packages in real time. The indicator film was fabricated of a target 
compound sensitive component and solid support carriers4.  For example, pH indicator film 
was consisted of pH sensitive dyes and its solid support. Since the film is used in food products, 
the dyes and film used must be safe. Anthocyanin is commonly used as a pH-sensitive dye 
because it is naturally abundant, safe, soluble in water, has a wide range of color variations in 
response to pH changes, and is inexpensive5. Anthocyanin is found in purple to blue nature 
fruits, flowers, and cereal grains such as rice, maize, sorghum, and others. Numerous rice 
species are grown in Thailand's southern border provinces, including Jeudanor rice which 
grown in Ban-Klang subdistrict, Panare district, Pattani province, Thailand. Jeudanor rice has 
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a dark purple pericarp which is rich of anthocyanin and can be used for pH indicator film. 
However, to broaden the color alteration of the pH indicator film made from colored rice 
extracted, the combination of the other natural dyes should be investigated. The novel 
intelligent films containing mixed anthocyanin-based dyes and phycocyanin for tracing fish 
spoilage were reported by Luo et al., 20236. All the intelligent labels demonstrated excellent 
color variation with volatile ammonia and the degree of fish freshness, except the phycocyanin-
containing label alone. Therefore, other well-known and abundant anthocyanin sources, such 
as butterfly pea, mulberry, and wakame, are interesting candidates for combining with JD rice 
extracted in the fabrication of pH indicator film to broaden the pH range. 

 
Methodology:  

1. Jeudanor rice extract and pH sensitivity study 
Jeudanor (JD) rice was dried in a hot air oven at 40 °C for 48 h. 300 g of rice was 

macerated in 400 mL of hexane for 48 h. Then, continue macerate for 72 h in various water-
to-ethanol ratios. The extracted solvent was evaporated using a rotary evaporator until it was 
dry. Then, 0.1 g of rice anthocyanin crude extract was precisely weighed, dissolved in 1 mL of 
DMSO, and the volume was made up to 10 mL with 70% (v/v) ethanol. The pH sensitivity test 
was carried out by adding JD rice anthocyanin extract into a pH solution ranging from 1 to 12. 
The UV-Vis spectra of pH solution were then measured between 380 and 780 nm. The color 
alteration of the pH solution was observed and recorded. 

2. Determination of anthocyanin in JD rice and other plants extract  
The anthocyanin content of JD rice and other plant extracts was determined using a 

slightly modified method from Sholikhah et al, 20217. 50 mL of 50% (v/v) ethanol was used 
to extract 10 g of JD rice, butterfly pea (BP), mulberry (ML), and wakame (WK). The extracted 
solvent was evaporated until dry at 40°C. The crude extract was then weighed, and the total 
volume was made up to 10 mL with ethanol.  The pH-differential method was used to determine 
the anthocyanin content. Then, the content was calculated using the following equation. 
Whereas, the pH sensitivity of anthocyanin extracted and mixed dyes solution in the pH range 
of 6-10 was evaluated and compared. 
      Anthocyanin content (cyanidin-3-glucoside equivalents, mg/L) =    

where A = (A520nm – A700nm)pH1.0 – (A520nm – A700nm)pH4.5 
MW = 449.2 g/mol for cyanidin-3-glucoside  
DF = dilution factor  
l = pathlength in cm 
e = 26,900 M-1cm-1 of cyanidin-3-glucoside 
103 = factor for conversion from g to mg 

3. Intelligent film preparation  
Intelligent film was prepared using the slightly modified method from Yang et al., 

20222. 0.6% (w/v) of sodium alginate (SA) and 0.32% (w/v) of carboxymethyl cellulose 
(CMC) were added to 100 mL of distilled water. The film forming solution was then mixed 
with 0.2% (w/v) of glycerol and 4% (v/v) of anthocyanin extracts. A total of 40 mL of 
intelligent film solution was transferred in a petri dish. Finally, the intelligent film was dried 
for 24 h at 50 °C. 

4. Intelligent film characterization and physical properties determination  
The intelligent film's molecular functional groups were examined using a Fourier 

Transform Infrared Spectrometer (FT-IR). Teclock micrometer was used to measure the 
thickness of the film. Thermal drying to a constant weight at 105 °C was used to determine the 
moisture content (MC) of films. The film's water solubility (WS) was determined by precisely 

A× MW × DF ×103 
e × l 
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weighing it. Then immersed the film sample in 10 mL of distilled water for 24 h under shaking 
at 25 °C. The remaining film was collected, dried for 24 h at 105 °C, weighed, and finally the 
WS was calculated. 

5. Sensitivity of intelligent film to volatile ammonia 
Color alteration of the intelligent films when exposure to ammonia solution was carried 

out. The films were hung 1 cm above a 100 mL solution level of 10 mM ammonia. The film 
was photographed every 4 min for 20 min. Color changes were captured with a smartphone 
camera (Samsung Galaxy A32, SM-A325F/DS, Display resolution *1800×2400 pixels, 
Number of display colors: 16 million colors, Samsung, Korea). Using the color picker and 
helper application, the photo data were converted to CIE (L*, a*, b*) color values, where L* 
indicates lightness that ranges from 0 (black) to 100 (white); a* ranges from greenness to 
redness; and b* ranges from blueness to yellowness. The total color difference (TCD) or DE 
was calculated using the following equation8 

                   TCD (DE) = ((L*-L0)2 + (a*-a0)2 + (b*-b0)2)1/2     
where, L0, a0 and b0 were the values at 0 min, and L*, a*, and b* were the values at 

the sampling time. 
The relative color change (%S) was calculated as follows: 

 
Where, Ri, Gi and Bi were the values recorded at 0 min, and Rf, Gf, and Bf were the 

values at the sampling time. 
6. Application of intelligent film for monitoring seafood spoilage 

 The intelligent films were fixed inside a packaging cover containing 100 g of shrimp 
and fish fillet purchased from a local market in Muang district, Pattani province, and then stored 
at 4 °C for 48 h. The color variations were recorded using a smartphone camera (Samsung 
Galaxy A32, SM-A325F/DS, Display resolution *1800×2400 pixels, Number of display 
colors: 16 million colors, Samsung, Korea), the total color difference (DE) and %S were 
calculated using an equation from the previous section9. 
  
Results and Discussion:  

1. Anthocyanin extraction 
Anthocyanins are water-soluble flavonoid pigments that widely found in fruits, flowers, 

seeds, and leaves of plants. Anthocyanin extraction is primarily accomplished using solvents 
such as methanol, ethanol, acidified water, or acidified ethanol.  For safety aspects, ethanol and 
water were used as extraction solvent in this study. According to the results in Figure 1, 
Jeudanor rice extracted with 50% ethanol had the highest anthocyanin content at 12.557±0.542 
mg/L due to the moderate polarity of the 50% ethanol used was compatibility to anthocyanin10. 
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         Figure 1. Anthocyanin content from JD rice extracted using different organic solvents. 

2. Anthocyanin content in Jeudanor rice and the other plants 
Figure 2 depicts the anthocyanin content of Jeudanor rice and other plants, including 

butterfly pea and mulberry. butterfly pea (BP), Mulberry (ML), and Jeudanor (JD) had 
anthocyanin contents of 3.60±0.42, 26.93±0.59, and 7.47±0.70 mg/L, respectively.  To broaden 
the color change in different pH values, all other natural pigment sources were used as co-
pigment with Jeudanor rice extracted. Because of the similarity in anthocyanin content, BP was 
chosen as a co-pigment in this study. In addition, wakame (Undaria pinnatifida) which is an 
edible brown seaweed was extracted. The main pigment extracted from wakame was blue-
green pigments or phycocyanin11. Phycocyanin is a pigment-protein complex that gives blue 
color due to its absorption of red to orange visible light wavelengths. Therefore, wakame 
contains no anthocyanin. 

 
Figure 2. Anthocyanin content in different plants used in this study. 

3. Spectra of indicator dyes at different pH 
To validate their reliability as colorimetric sensors, the color differences of the indicator 

dyes at different pH buffers were exanimated. The color of JD extract was altered at pH levels 
ranging from 10 to 12. As shown in Figure 3A, the color of JD extracted was reddish-brown 
in pH solution at pH 1-9, brownish at pH 10-11, and dark green at pH 12. These color 
alterations probably caused by the protonated and deprotonated or -OH groups of the B-ring in 
anthocyanin structure. Blueness increases as the number of hydroxyl groups increases, while 
redness increases as methylation in the B-ring increases12. The color of BP extract was altered 
at pH levels ranging from 8 to 10. As shown in Figure 3B, the color of BP was purple-blue in 
pH solution at pH 6-8, blue at pH 9, and green at pH 10. Whereas, the color variation of JD 
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extracted mixed with butterfly pea (BP) extracted at a 6:1 ratio was clearly observed in pH 
solution at 8-10. The color of the solution was dark blue when the pH was 4.5-7, lighter blue 
when the pH was 8, pale blue when the pH was 9, and green-blue when the pH was 10. Figure 
4 depicts the different profiles of UV-Vis spectra of the JD mixed BP (6:1) at pH from 6 to 10 
solution and their color alteration. 
           A 

       B  

 
          Figure 3.  A = Color of JD extracted in pH solution ranging from 1-12, B = Color of 

BP extracted in pH solution ranging from 6-10. 

 
Figure 4. The UV-Vis spectrum and color of JD mixed with BP extracted at a 6:1 ratio at pH 

levels ranging from 6 to 10. 
 The maximum absorbance peaks for pH 6-9 were observed between 570 and 630 
nm, while the maximum absorbance for pH > 10 was observed between 580 and 650 nm. The 
addition of BP reduced the range of color change in the dye's mixture due to the increasing of 
anthocyanin content. The major anthocyanin in BP extracted increases the blueness of the 
solution by protonating the B-ring. Figure 5A-C illustrated the color of a conducted intelligent 
film containing CMC/SA, CMC/SA and JD extract, and CMC/SA and JD mixed with BP, 
respectively. The CMC and SA-containing film, shown in Figure 5A, is pale yellow in color, 
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and transparency. Figure 5B depicts the CMC and SA incorporated with JD extracted film, 
which has a light brown color due to the 4% v/v of JD extracted. Figure 5C depicts the 
CMC/SA incorporated with JD mixed BP (6:1 ratio) film with transparency light purple due to 
anthocyanin color from BP. 

 
            A        B              C 

Figure 5. Intelligent film based on CMC/SA incorporated with JD and BP; A = CMC/SA 
film, B = CMC/SA incorporated with JD extracted film, C = CMC/SA incorporated with JD 

mixed BP (6:1) extracted film.  
 The FTIR spectrum of CMC/SA film is similar to the FTIR spectrum of CMC/SA-
based incorporated with JD mixed BP intelligent film which shown in Figure 6. The O-H and 
C-H stretching vibrations were represented by the broad peak at 3261 cm-1 and the smaller peak 
at 2929 cm-1, respectively. The C-H bending is represented by the small peak around 1319 cm-

1. The C-OH stretching and C-C skeletal stretching have a relatively small peak at 1023 cm-1 
and a small peak around 950 cm-1, respectively. The C-C stretch (in-ring) aromatics of 
carbonyls ethers functional group and ethers functional group (C-O stretch) of anthocyanin 
showed wave number at 1023 cm-1, which indicate the interaction of the aromatic rings of 
natural dyes with the film matrices. The results agree with previous research that the intensity 
of the peaks around 1600 cm-1 decreased after the mixed dyes were added to the film forming 
agents6. This reduction could be due to the formation of new hydrogen bonds between 
anthocyanins in mixed dyes and the functional groups of polymers matrices13. Thus, the FTIR 
spectra demonstrated that the mixed JD and BP dyes were successfully incorporated into the 
CMC/SA film. 

 
        Figure 6. FTIR spectrum of CMC/SA based film based (       line) and    FTIR spectrum 

of CMC/SA incorporated with JD mixed BP intelligent film (       line).      
Because of the hydrophilicity of anthocyanins and related compounds, the 

incorporation of JD mixed BP extracted increased the thickness, moisture content, and water 
solubility of CMC and SA based intelligent films compared to control films. Table 1 displays 
the results of thickness, moisture content, and film solubility in water. The control film had the 
smallest thickness (0.055 mm), but the greatest moisture content (15.33%) and water solubility 
(76.77%). However, there was no significant difference in moisture content across all samples. 

540



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

 
 
Table 1. Intelligent film physical properties. 

Film Thickness (mm) Moisture content (%) Water solubility (%) 
Control 0.055±0.011 15.33±0.007 76.77±1.090 

JD 0.062±0.012 12.26±0.008 87.34±1.255 
JD+BP 0.071±0.007 16.78±0.008 85.29±1.199 

4. Sensitivity of intelligent film to volatile ammonia 
To determine the color change of the intelligent films when exposed to volatile gas, the 

obtained films were introduced to the 10 mM ammonia solution for 20 min and their color 
change was recorded, as shown in Table 2. 
 
Table 2. Intelligent film response to volatile ammonia.   

Time (min) ∆E S (%) Film color 
0 0.00 0.00  

4 14.05 31.69  

8 17.15 36.31  

12 19.96 41.54  

16 22.85 32.62  

20 23.44 30.15  

 
Ammonia diffused into the film, generated an alkaline environment, and changing the 

color of the pH-sensitive intelligent film14. The ΔE and %S values of intelligent film 
incorporated with JD mixed BP dyes increased sharply until 16 min, then gradually increased. 
While, the color of the film was changed from light purple to green. According to the results 
shown in Figures 3A and B, both JD and BP extracts turn green in alkaline solution, and thus 
the film turns green when ammonia is present in the packaging environment. 

5. Application of intelligent film for monitoring seafood spoilage 
             Meat spoilage and degradation are caused by microorganisms, which produce a variety 
of organic amines, including volatile nitrogen compounds. The intelligent films containing JD 
mixed with BP were fixed inside packaging as on-package labels without contacting with the 
shrimp and fish fillet samples. The color of the film changed from light purple to green and 
gradually darkened at 12 h, as shown in Figure 7, and the DE and %S values increased sharply 
from 0-12 h and gradually decreased after 18 h, as shown in Table 3. The films displayed more 
significant color changes when shrimp and fish fillet samples were stored for 48 hours, whereas 
the color of the control film showed no color change during storage. 
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Figure 7. Intelligent film based on CMC/SA incorporated with JD mixed with BP applied for 

tracing sea food spoilage. 
 According to the findings of this study, the color difference of films between fresh 
state and initial spoilage states of shrimp and fish fillet samples can be distinguished by naked 
eyes. 
 
Table 3. Application of intelligent film to monitor the freshness of seafood. 

Time 
(hours) 

∆E 
(Fish) 

S 
(%) 

Film 
color 
(Fish) 

∆E 
(Shrimp) 

S 
(%) 

Film 
color 

(Shrimp) 
0 0.00 0.00  0.00 0.00  
6 9.44 3.56  9.97 7.25  
12 15.79 1.78  10.65 30.21  
18 12.31 14.95  10.47 21.15  
24 9.24 3.56  6.39 6.04  
48 8.81 5.34  12.86 10.27  

 As results showed here, a combination of JD and BP dyes can be used as indicator 
dyes in intelligent films to monitor the freshness of sea food products. 
 
Conclusion:  

Intelligent film was fabricated by combining 6:1 anthocyanin extract from JD and BP 
with CMC and SA. The FTIR analysis revealed that both anthocyanin extracts used were 
compatible with the CMC and SA film-based systems. The addition of JD and BP extract 
increased the thickness, moisture content, and water solubility of intelligent films based. The 
developed intelligent film was sensitive to volatile ammonia in the packaging and changed 
color from light purple to green while storing shrimp and fish fillets at 4 °C for 48 h. Thus, 
anthocyanin from JD rice mixed with anthocyanin from BP in a 6:1 ratio may be a good 
alternative choice for preparing intelligent films to monitor the freshness of food products. 
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Abstract: 
 In this work, the composite of activated carbon derived from coconut husk (AC), 
NiAl-layered double oxide (NiAl-LDO) and magnetite (Fe3O4) was carried out by solid-solid 
reaction as the adsorbent for eliminating both cationic and anionic dyes in water.  The as-
prepared composite (AC/NiAl-LDO@Fe3O4) was verified by XRD, FT-IR, and the magnetic 
interaction to an external magnet.  The strong magnetization between product powder and 
magnet could confirm the formation of magnetic composite.  The as-synthesized composite 
performed high capacity on removing both malachite green (74%) and eriochrome black T 
(66%), as a result of AC for removing cationic dye and NiAl-LDO for removing anionic dye.  
Interestingly, the separation of adsorbent particles was easily conducted by the magnetic 
operation.  This study may provide a valuable method to generate multifunctional adsorbent 
for purifying both toxic cation and anion in water. 
 
Introduction: 
 Inorganic solid material has been received much interest based on structural rigidity, 
easy collection and utilization1.  Besides, multifunctional capacity is intensively engineered, 
especially decorating active sites with both positively and negatively charged surface2.  
Recently, composite material is mostly developed due to fabricating various characteristics 
based on the used precursors3.  Activated carbon (AC) is a favorite carbon-based material as 
an excellent adsorbent on capturing dangerous cations due to its large surface area and 
negatively charge surface4,5,6.  Besides, AC can be easily prepared by using biomass as a 
carbon precursor such as husk and shell of fruits through chemical activation4.  The added 
value, adsorption capacity and quantity are also considered to select the carbon source5.  
However, the reuse of AC adsorbent is quite complicated on the step of solid-liquid 
separation using a centrifugation, therefore, a facile separation is required to support the 
adsorption process.  Mostly reported that magnetite (Fe3O4) is a strong magnet, which is 
extensively mixed with non-magnet to generate the magnetic composite with the synergistic 
effect of magnetic separation1,7.  Recently, toxic species that polluted in water are composed 
of cationic and anionic forms due to easily dissolved by water.  Consequently, the 
multifunctional capacity of adsorbent is addressed on removing both cation and anion in 
water, as well as easy separation. 
 Layered double hydroxide (LDH) has positively-charged surface, and different structure 
with varying divalent (M2+) and trivalent (M3+) metal, and interlayer anion (An-) based on the 
typical formula of [M2+1-xM3+x(OH)2]y+An-(y/n)mH2O that provides the different 
characteristics in electrical, optical and/or magnetic properties8,9.  Interestingly, the 
calcination of LDH material can transfer into layered double oxide (LDO) that sometimes 
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gains larger surface area and higher performance10,11.  The adsorbents of NiAl-LDH and its 
calcined one (NiAl-LDO) has been developed for removing toxic dyes in water, where NiAl-
LDO was as the best adsorbent due to larger surface area10,11. 
 In present study, AC that prepared from coconut husk as carbon precursor was solid-
solid mixed with NiAl-LDO and Fe3O4 to obtain the magnetic composite as the adsorbent on 
eliminating both malachite green and eriochrome black T in water.  The representative dyes 
are categorized as one of dangerous chemicals that possibly caused cancer.  This study may 
provide a practical and potential process for purifying dye-wastewater by using the 
multifunctional adsorbent for eliminating both cationic and anionic dyes with easy magnetic 
separation.   
 
Materials and method: 
Materials 
 Nickel(II) chloride hexahydrate (NiCl26H2O), aluminium(III) chloride hexahydrate 
(AlCl36H2O), and sodium hydroxide (NaOH) were purchased from Carlo Erba Reagenti.  
Urea ((NH2)2CO) was purchased from Asia Pacific Specialty Chemicals LTD.  Phosphoric 
acid (H3PO4) was supplied by Sigma-Aldrich.  Ferric chloride hexahydrate (FeCl36H2O) was 
sponsored by KemAus.  Ammonium ferrous sulfate (NH4)2Fe(SO4)26H2O was purchased 
from Ajax Finechem.  Malachite green (C23H25ClN2) and eriochrome black T 
(C20H12N3O7SNa) were obtained from Acros.  All chemicals are the reagent grade that were 
used directly without any further purification. 
Preparation of NiAl-LDO 
 The NiAl-LDH was used as NiAl-LDO precursor, which was conducted by mixing 
the aqueous solution of NiCl26H2O (0.1 M), AlCl36H2O (0.05 M), and (NH2)2CO (0.35 M) 
in aqueous solution under magnetic stirring for 15 min.  The resulting solution was 
transferred in the Teflon-line autoclave, consequently hydrothermally treated at 150 C for 48 
h.  The NiAl-LDH solid was obtained by centrifugation, washed several times with deionized 
(DI) water, and then ethanol, finally dried at 70 C for 24 h.  The appropriated amount of 
NiAl-LDH was calcined at 400 C for 2 h to form NiAl-LDO.   
2.3 Preparation of AC 
 Activated carbon (AC) derived from the coconut husk through chemical activation, 
firstly, the coconut husk was cleaned by water, dried at 110 ℃ for 24 h, and calcined at 400 
℃ for 2 h.  The biochar was obtained and then activated by the excess amount of H3PO4 
under magnetic stirring for 24 h.  The activated powder was washed by DI water several time 
until the pH = 7, and dried at 110 ℃ for 24 h, finally calcined at 1000 ℃ for 2 h.  The 
resulting activated carbon was small powdered, which was labeled as AC. 
Preparation of Fe3O4 
 The aqueous solution of (NH4)2Fe(SO4)26H2O, FeCl36H2O and NaOH based on the 
molar ratio of 2:1:5, respectively, were mixed under vigorously magnetic stirring for 15 min.  
The product (Fe3O4) was collected by using the external magnet, and washed with DI water 
several times until the supernatant pH = 7, then ethanol, and dried at 50 C for 24 h. 
Synthesis of magnetic composite 
 Three precursors of AC, NiAl-LDO and Fe3O4 with the weight ratio of 2:2:1, were 
carried out by the solid-solid method that mechanically mixed by a pestle in mortar using 
acetone as a mixer for 30 min.  The as-prepared composite was abbreviated as AC/NiAl-
LDO@Fe3O4. 
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Adsorption process 
 The capacity of all of as-prepared samples was evaluated by removing malachite 
green and eriochrome black T in water, where the chemical structure is depicted in Figure 1.  
The amount of 0.01 g adsorbent was added in an aqueous solution of dye (100 ppm 0.05 L) 
under magnetic stirring for 60 min in the dark, where the solution pH was in the range of 6.0 
– 6.9.  At any time, the aqueous dye solution was dropped for 10, 20, 30, 40, 50 and 60 min 
to measure the absorbance by using UV-VIS spectrophotometry, and the resulting data were 
taken to calculate the adsorption efficiency and capacity (qt) following as the equations in 
Table 1.   
 
Table 1. Equation of the adsorption efficiency and capacity  
Parameter Equation 
Adsorption efficiency (%) (Ci − Ct)/Ci  100 
Adsorption capacity at any time (qt) (Ci − Ct)/m  V 
 
Where Ci and Ct (mg/L) are the concentration of the aqueous dye solution at initial time and 
any time.  qt (mg/g) is adsorption capacity at any time, m (g) is the mass of adsorbent, V (L) 
is the volume of aqueous dye solution.   
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Figure 1. Dye structure of (a) malachite green and (b) eriochrome black T 

 
Characterization: 
 The structure of samples was verified by powder X-ray diffraction (XRD) using a 
Bruker D8 ADVANCE diffractometer by a PANalytical Empyrean powder diffractometer.  
The functional group of samples was investigated by attenuated total reflection-Fourier 
transform infrared spectroscopy (ATR-FTIR) using a G8044AA-Agilent Technologies.  UV-
visible absorption spectra of dye solution were performed using a Shimadzu UV-1700 
Pharmaspec UV-VIS spectrophotometer.   
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Result and discussion: 

(a) (b) (c) (e)(d)  
Figure 2. Color of sample powder of (a) NiAl-LDH, (b) NiAl-LDO, (c) AC, (d) Fe3O4 and 

(e) AC/NiAl-LDO@Fe3O4 
 
 As seen in Figure 2, the powder of NiAl-LDH, NiAl-LDO, AC, Fe3O4 and 
AC/NiAl-LDO@Fe3O4 exhibited green, grey, black, black and black, respectively, which was 
in accordance with the previous reports8,12.  Whereas, only Fe3O4 of the precursors was 
responsive to the external magnet, which was indicative of the magnetic particle2,7.  After 
mixing, whole particles of AC/NiAl-LDO@Fe3O4 could be lifted by the external magnet, 
which could confirm the formation of magnetic composite with surrounding of Fe3O4. 
 The XRD patterns are shown in Figure 3, where the diffraction peaks of Fe3O4 
(Figure 3a) were corresponding to the reflections due to (220), (311), (400), (511) and (440), 
which could verify the fabrication of magnetite (Fe3 O4 )2,7.  For the diffraction peaks of AC 
(Figure 3b) was in accordance with the reflections of (002) and (110), corresponding to the 
graphitic-like structure of AC4.  In Figure 3c, the diffraction peaks of NiAl-LDH were 
according to the reflections of (003) and (006) owing to the brucite-like structure of LDH7,8,9.  
Meanwhile the basal spacing (d003) that calculated by the Bragg’s equation was about 7.5 Å, 
which was attributed to the interlayer carbonate (CO3 2-), indicating the formation of CO32--
intercalated NiAl-LDH10.   After calcination, the (003) reflection was disappeared due to the 
decomposition of the interlayer CO32- corresponding to the delamination, and the diffraction 
characteristics due to mixed metal oxide (NiO and/or NiAl2O4) were observed (Figure 3d), as 
the results of the formation of NiAl-LDO11.  For the XRD pattern of composite product 
(Figure 3e) displayed the diffraction peaks due to Fe3O4 and NiAl-LDO, whereas any 
reflection of AC was disappeared due to very low crystallinity5,6. 
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Figure 3. XRD patterns of (a) Fe3O4, (b) AC, (c) NiAl-LDH, (d) NiAl-LDO and (e) 

AC/NiAl-LDO@Fe3O4 
 
 To further verify, the infrared spectra of Fe3O4 (Figure 4a), NiAl-LDH (Figure 4c) 
and NiAl-LDO (Figure 4d) showed the absorbance below 1097 cm-1 , according to M−O 
and/or M−O−M bonds where M is possible either Fe, Ni or Al.  In Figure 4b, AC showed the 
FT-IR bands at 1547, 1091 and 897 cm-1  corresponding to C=C, −COOH and C−O bonds, 
respectively4,5.  The FT-IR spectrum of NiAl-LDH displayed the bands at 3370 and 1598 cm-

1  due to the interlayer −OH of LDH, and the adsorbed water molecules, respectively, and at 
1347 and 809 cm-1  due to the FT-IR features of CO32-.  After calcination, the FT-IR bands 
due to the interlayer CO32- (1347 and 809 cm-1 ) were disappeared, which could confirm the 
formation of NiAl-LDO10,11,12.  For composite (AC/NiAl-LDO@Fe3O4 in Figure 2e), the FT-
IR characteristics were in accordance with AC and Fe3O4.  Consequently, the XRD and FT-
IR results were indicative of the formation of composite composed of AC, NiAl-LDO and 
Fe3O4. 
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Figure 4. ATR-FTIR spectra of (a) Fe3O4, (b) AC, (c) NiAl-LDH, (d) NiAl-LDO and (e) 

AC/NiAl-LDO@Fe3O4 
 
 All of the as-prepared samples showed the adsorptive capacity, where the data are 
listed in Table 2.  For AC, NiAl-LDH, Fe3O4 and AC/NiAl-LDO@Fe3O4 exhibited the 
removal efficiency of malachite green (Figure 5), and eriochrome black T (Figure 6) (in the 
parenthesis) of 88 (18), 17 (100), 3 (1) and 74 (66) %, respectively.  It was found that AC 
was the best adsorbent for removing cationic malachite green and NiAl-LDO was the best 
adsorbent for removing anionic eriochrome black T.  As a result, the composite could 
eliminate both of malachite green eriochrome black T, besides it could be easily collected by 
magnetic separation.  The result was according to the previous reports due to the surface of 
AC and NiAl-LDO was negative and positive charge that was highly affinitive to capture 
cation and anion, respectively based on the electrostatic force8,9,10,11,12. 
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Figure 5. Removal efficiency of malachite green in water using Fe3O4, AC, NiAl-LDO and 

AC/NiAl-LDO@Fe3O4 
 
Table 2. Adsorption efficiency and capacity of as-prepared adsorbents  
Adsorbent Adsorption efficiency (%) Adsorption capacity (mg/g)  

at 60 min 
Malachite green Eriochrome 

black T 
Malachite green Eriochrome 

black T 
AC 88 18 439 90 
NiAl-LDO 17 100 84 498 
Fe3O4 3 1 14 6 
AC/NiAl-LDo@Fe3O4 74 66 371 328 
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Figure 6. Removal efficiency of eriochrome black T in water using Fe3O4, AC, NiAl-LDO 

and AC/NiAl-LDO@Fe3O4 
 
 In Table 2, the adsorption capacity at 60 min (qt) of AC, NiAl-LDH, Fe3O4 and 
AC/NiAl-LDO@Fe3O4 for removing malachite green and eriochrome black T (in the 
parenthesis) of 439 (90), 84 (498), 14 (6) and 371 (328) mg/g, respectively, which was 
corresponding to the removal efficiency based on the electrostatic interaction between 
cationic malachite green and negatively-charge surface of AC, as well as anionic eriochrome 
black T and positively-charge surface of NiAl-LDO.  The slight lower adsorption capacity of 
composite was due to lower number of active sites relative to pure AC (for removing 
malachite green) and NiAl-LDO (for removing eriochrome black T)1,6,7, however it 
performed the advantage on the magnetic separation. 
 

Conclusions: 
 The magnetic composite of coconut husk-derived activated carbon (AC), NiAl-LDO 
and Fe3O4 was successfully prepared by the solid-solid reaction.  The results of magnetic 
interaction to the external magnet, XRD and FT-IR could confirm the formation of magnetic 
composite that composed of AC, NiAl-LDH and Fe3O4.  The as-prepared magnetic composite 
displayed the adsorptive features on eliminating both malachite green (qt = 371 mg/g) and 
eriochrome black T (qt = 328 mg/g) with the additional synergistic effect of magnetic 
separation.  This study may give the valuable procedure on simple preparation of 
multifunctional material efficient wastewater purification contaminated with both toxic cation 
and anion. 
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Abstract:  

 
Pure silica can be synthesized from rice husk biomass. The synthesis of silica from rice husk 
and its usage as a support material for iron (III) oxide and titanium (IV) oxide were the goals 
of this research. Fourier transform infrared spectrophotometer (FT-IR) was used to 
characterize surface functional groups and scanning electron microscope (SEM) was used to 
characterize the morphology of silica-derived rice husks. An investigation on the efficiency 
of the methylene blue (MB) degradation process using these catalysts was carried out. Under 
ultraviolet and visible light, the degradation of MB dye solution with a concentration of 60 
ppm, 50 mL at room temperature using catalyst amount at 0.05 g. It was discovered that the 
greatest percentage of MB degradation under UV light catalyzed by 3.8 wt %. iron (III) oxide 
on the silica support was 87%, and that the maximum percentage of MB degradation under 
UV light catalyzed by 40 wt %. titanium (IV) oxide on the silica support was 81%. The 
percentage of MB that degraded when exposed to visible light irradiation and catalyzed by 
titanium (IV) oxide on the silica support was 81%, while the percentage of MB that degraded 
when exposed to iron (III) oxide on silica was 92%. Because of this, the iron (III) oxide 
catalyst supported on the silica exhibited a better level of catalytic performance when 
subjected to irradiation by visible light as opposed to UV light. While titanium (IV) oxide 
supported on silica catalyst can be catalyzed under ultraviolet light in a more efficient manner 
than it can under visible light. 
 
Introduction:  
Rice husk (RH) is one of the most important agricultural biomasses in Thailand; it can be 
used as a fuel source, a composite in construction materials, in landfills, and as a source of 
high-value silicon or carbon-based materials.1 In addition, RH contains a high percentage of 
silica, approximately 15-20%, so it can be used as a silica source. Simple chemical 
procedures, including acid or base extraction, the sol-gel method, and calcination, can be 
used to extract high-purity silica from biomass.2 Due to its good porosity, chemical activity, 
excellent adsorption, and high surface area, it can be used for a variety of applications 
including adsorbents, rubber, coating, ceramics, catalysts, and support materials.3 
Synthesized silica containing active photocatalysts such as titanium (IV) oxide (TiO2) was 
prepared to catalyze photocatalytic degradation of synthetic dyes in the presence of light.4 In 
addition, certain metal oxides, including iron-based materials and iron (III) oxide (Fe2O3), 
exhibit photocatalytic activity.5 Iron (III) oxide is an excellent catalyst for Fenton-like 
processes; therefore, it will be used as a cheap photocatalyst and tested for catalytic 
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performance of dye degradation under UV and visible light.6,7 Figure 1 demonstrates the 
chemical structure of MB, one of the synthetic dyes typically used to test photodegradation 
efficacy.7 
 

 
Figure 1. Chemical structure of methylene blue  

 
Methodology:  
Materials 
Rice husk biomass was collected at Pakarong village, Muang, Pattani, Thailand. The 
chemicals used in this work such as HCl, NH3, cetyltrimethylammonium bromide (CTAB), 
CH3COOH, C6H8O7, methylene blue, TiO2, and Fe(NO3)3.6H2O were analytical grade. Light 
sources were Hg lamp (20W, Phillips) and a LED daylight lamp (20W, Phillips). 
Extraction of silica from rice husk 
The rice husk was rinsed with deionized water and dried at 100 oC for 3 h. Then, 100 g of rice 
husk was stirred with 1 N HCl and refluxed at 90 °C for 1 h. After filtration, the solid was 
dried at 100 oC for 3 h and calcined at 900 °C for 3 h. Prior to use, the silica-derived rice husk 
powder was stored in a desiccator. The surface functional groups of silica-derived rice husks 
were characterized by Fourier transform infrared spectrophotometer (FT-IR) (Bruker, 
Tensor27) and morphology was observed by scanning electron microscope (Thermo Fisher 
Scientific, Phenom Pro G6). 
Catalysts preparation and characterization 
In a 500 mL round-bottom flask, 1.7 g of CTAB, 0.2 g of titanium dioxide, 200 mL of 
methanol, 7.2 mL of ammonia, and 17.2 mL of deionized water were dispersed. The mixture 
was stirred continuously at ambient temperature for 3 h before 0.5 g SiO2 was added. It was 
aged at 3 oC for 3 h before being stored at ambient temperature for 24 h. The white solid was 
filtered, dried at 60 oC for 3 h, and then calcined at 550 oC for 4 h to give 40 % wt. TiO2-
SiO2.  

Fe2O3-SiO2 catalyst containing 3.8% wt. Fe2O3 was produced by continuously stirring 
0.05 g acetic acid (CH3COOH), 0.05 g citric acid (C6H8O7), 0.1 g Fe(NO3)3.6H2O, and 0.5 g 
SiO2 in hexane solvent. The mixture was then poured into 500 mL of 10 M NH3 solution. The 
solid was subsequently filtered, rinsed with deionized water, and dried at 80 and 180 oC. It 
was then calcined at 800 oC for 2 h.5 FT-IR (Bruker, Tensor27) was used to identify the 
surface functional groups of photocatalysts. 
Degradation efficiency of MB dye solution 
The catalytic performance of synthesized catalysts for MB dye degradation was evaluated for 
3 replicates using 0.05 g of catalyst dispersed in 50 mL of 60 ppm MB and stirring the 
mixture in the dark for 1 hour to complete the MB adsorption, then exposed to UV/visible 
light. The absorbance of MB solution at 664 nm was then measured using a UV-Visible 
spectrophotometer (Biochrome, Libra S22) at 0, 10, 30, 60, 120, and 180 minutes during the 
reaction. The MB dye degradation efficiency was calculated by the equation (1). 

MB dye degradation efficiency (%) =  x 100   (1) 
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Where C0 and Ct are initial MB concentration and MB concentration at t (0, 10, 30, 

60, 120, and 180 minutes), respectively.  
The used catalysts were separated from the MB solution by filtration, washed with 

99.9% ethanol, and dried at 80 oC for 1 h before being retested for catalytic MB dye 
degradation. 
 
Results and Discussion:  
Morphology of silica-derived RH  
As shown in Figure 2(a), untreated RH and white powder silica derived from RH biomass 
were obtained by acid leaching to remove metal impurities and calcination at 900 oC to 
eliminate carbon and other volatile impurities. The morphology of silica derived RH 
characterized by SEM is shown in Figure 3, representing non uniformly, amorphous silica 
particles with low particle size distribution and some large silica particles with diameter 
larger than 5 m were also observed. The silica particles synthesized in this work were larger 
than those synthesized by Lubis et al.6 
 

        
     (a)            (b)    

Figure 2. Untreated RH (a) and silica from rice husk after acid treatment and calcined 
at 900 oC (b). 

 

 
 

Figure 3. SEM image (at 22,500X) of silica derived from RH after reflux in acid and 
calcined at 900 oC. 

 
Surface functional groups on silica derived from RH and photocatalyst incorporating 
silica. 
FT-IR was used to characterize the infrared spectra of surface functional groups on silica 
powder derived from RH, as displayed in Figure 4, which represents pure silica with a 
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significant transmission band at wavenumber 3,455 cm-1 of the surface hydroxyl group: O-H 
stretching. The peak at 1,637 cm-1 belongs to the deformation mode of the surface hydroxyl 
groups. Siloxane Si-O-Si symmetric stretching is observed with the strongest FT-IR band at 
wavenumber 1,102 cm-1, while Si-O-Si asymmetric stretching is observed at wavenumber 
803 cm-1. Peak at 468 cm-1 corresponds to Si–O surface deformation vibrations.8 Low 
absorption peak at wavenumber 2,920 cm-1 indicates symmetric and asymmetric stretching 
vibrations of aliphatic C–H bonds in –CH3 and CH2 groups in the structures of cellulose, 
hemicellulose, and lignin, respectively.2 

 

 
Figure 4. FT-IR spectra of silica from rice husk after reflux in acid and calcined at 900 

oC (a), TiO2 (b), TiO2-SiO2 (c), Fe2O3, (d), and Fe2O3-SiO2 (d). 
 

Figure 4 illustrates the overlay FT-IR spectrum of TiO2-SiO2 photocatalyst, which 
exhibits a broad absorption band between 2,000 and 3,500 cm-1 due to surface hydroxyl 
groups: O-H stretching for adsorbed water (H-O-H). The Ti-O stretching groups are observed 
at approximately 667 and 654 cm-1.4,9 The surface functional groups on Fe2O3-SiO2 also 
observed as in Figure 4, FT-IR band at 3,453 cm-1 indicating surface hydroxyl groups, 1,100 
cm-1 belongs to Si-O-Si symmetric stretching group, 805 cm-1 is from Si-O-Si asymmetric 
stretching, and 469 cm-1 is corresponded to the deformation vibrations for Si–O groups from 
the silica surface.8 However, the small bands at 685 and 604 cm-1 that correspond to the 
stretching vibrations of Fe-O and Si-O-Fe, respectively, were not observed due to small 
amount of Fe2O3: 3.8 wt %. These peaks will confirm that SiO2 interacts with Fe2O3.10 
Methyylene blue dye degradation catalyzed by photocatalysts incorporating silica. 
After adsorption of MB on the catalysts for 1 h in the dark, the photocatalytic performance of 
synthesized TiO2-SiO2 and Fe2O3-SiO2 was determined by measuring the degradation of 60 
ppm MB over 180 minutes in the presence of UV and Visible light at room temperature. The 
percentage of MB degradation under UV irradiation catalyzed by various catalysts is depicted 
in Figure 5(a). At 180 minutes, the silica derived from RH also resulted in 67% 
decolorization of MB, which was caused by effective adsorption of MB, as evidenced by the 
presence of a blue color on the surface of the silica after the addition of 60 ppm MB solution 

556



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

(figure not shown). Under UV light, bare TiO2 can degrade 60 ppm MB solution at 71%, 
while 40 wt % TiO2-SiO2 can achieve up to 81% MB degradation, and 3.8 wt % Fe2O3-SiO2 
catalyzes the greatest MB degradation at 87%. This trend is also observed with Visible light 
irradiation, as depicted in Figure 5(b), with maximal MB degradation occurring at 92% when 
catalyzed by 3.8 wt % Fe2O3-SiO2.  
 

 
   (a)      (b) 

Figure 5. Methylene blue dye degradation catalyzed by catalysts under UV (a) and 
visible light (b): 60 ppm MB dye solution, 50 mL, catalyst loading 0.050 g at room 

temperature. 
 

The band gap energy of the Fe2O3 semiconductor has been reported to range from 1.9 
to 2.2 eV, which is lower than the band gap energy of TiO2 (3.0–3.2 eV), and the occurrence 
of rapid recombination of electron and hole is observed for these photocatalysts.11, 12 When 
photons, such as UV or visible light, are absorbed by photocatalysts, electron-hole pairs form, 
producing active free radical species such as •OH and •O2-, then react with MB molecules 
forming degradation products such as carbon dioxide, sulfate ion, nitrate ions, and water, as 
in equation (2)-(6).11, 13 Silica can absorb electrons from the photocatalyst's conduction band, 
thereby decreasing or preventing rapid electron-hole pair recombination and enhancing the 
oxidation reaction of MB.4,6 
 

Fe2O3-SiO2 + h (UV/visible region) → Fe2O3-SiO2(h+ + e-)   (2) 
     h++ H2O(OH-) → •OH + H+   (3) 

     e- + O2 → •O2-    (4) 
          •OH + MB → degradation products  (5) 
          •O2- + MB → degradation products  (6) 

 
After testing the reusability of used photocatalysts that had been washed and dried, it 

was discovered that the percentage of MB degradation catalyzed by Fe2O3-SiO2 decreased 
from 92% to 71% under the same conditions for visible light irradiation due to deactivation 
of photocatalyst such as pore blocking, and MB remained adsorbed on the photocatalyst 
surface. 
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Conclusion:  
The pure, non-uniform micron-sized silica particles can be extracted from rich husk biomass 
through simple acid treatment, extraction, and calcination at 900 oC. It was combined with 
TiO2 and Fe2O3 to generate 40 wt % TiO2-SiO2 and 3.8 wt % Fe2O3-SiO2, respectively, and 
used as a photocatalyst for 180 minutes to degrade 60 ppm methylene blue dye under 
UV/visible light irradiation. Fe2O3-SiO2 demonstrated a maximum MB degradation 
efficiency (92%) at a catalyst concentration of 0.05 g with 50 mL of 60 ppm methylene blue 
solution under visible light irradiation. 
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Abstract:  
The Fe(IO3)3/FeOOH composite Fenton catalyst was synthesized by reacting KIO3 and 
FeSO4 at room temperature. The Fenton activity of this composite was investigated through 
the degradation of a rhodamine B (RhB) dye solution under visible light irradiation. The 
catalyst could degrade RhB in the dark via the Fenton reaction, but the degradation increased 
when visible light was applied. The effects of operational parameters such as H2O2 
concentration, catalyst loading, and initial dye concentration were studied for the photo-
Fenton degradation of RhB. From the experimental results, it was observed that the 
degradation of RhB increased with increments in H2O2 and catalyst concentrations. 
Conversely, an increase in the initial dye concentration led to a decrease in the degradation of 
RhB. Additionally, it was found that the degradation of RhB decreased with an increasing 
number of reuse cycles for the catalyst.  
 
Introduction:  
 Water pollution poses a significant concern for many countries since clean water is 
essential for all living organisms. The textile industry, in particular, is notorious for 
generating substantial volumes of wastewater, which often contains dyestuffs that 
significantly reduce light penetration due to their high color intensity. Nevertheless, some of 
these dye molecules are highly toxic and resistant to biodegradation. Consequently, it is 
imperative to treat this wastewater before releasing it into the environment. 
 Conventional treatment methods such as adsorption, precipitation, and ion-exchange 
are readily applicable. However, these methods can merely transform pollutants from one 
form to another, necessitating further treatment processes. To address these limitations, 
advanced oxidation processes (AOPs) have been developed. AOPs generate the reactive 
species to efficiently degrade pollutants, offering a more comprehensive and effective 
solution. [1-2]. The homogeneous Fenton reaction is a popular choice among AOPs. 
However, this reaction also yields a significant amount of iron sludge [3]. In order to 
minimize the by-products of this reaction, there has been a growing focus on heterogeneous 
Fenton catalysts, which are gaining considerable attention. Iron oxide, in particular, is a 
widely used heterogeneous Fenton catalyst [4]. However, this catalyst functions most 
effectively in an acidic environment. FeOOH is a widely used photo-Fenton catalyst, but its 
activity is relatively low, showing excellent performance primarily in acidic conditions [5-6]. 
From literature, iodate compounds such as Bi(IO3)3 and AgIO3 can exhibit photocatalytic 
properties and enhance the degradation efficiency of some catalysts [7-8]. However, there is 
no report regarding the photo-Fenton reaction of the Fe(IO3)3/FeOOH composite. 
 In this study, the Fe(IO3)3/FeOOH composite was prepared using the co-precipitation 
method. The capability of the prepared catalyst to degrade pollutants was examined by 
investigating its performance in the degradation of a rhodamine B dye solution through a 
photo-Fenton reaction.  

559



2  (Full paper template) 
 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

 
Methodology:  
 The Fe(IO3)3/FeOOH composite was synthesized using an ion-exchange method. 
Specifically, 100 mL of 0.010 mol of KIO3 was added to 100 mL of a 0.005 mol FeSO4 
solution. This mixture was stirred for 1 hour at 80°C in a water bath. The resulting precipitate 
was then filtered and dried at 100°C in a hot air oven. X-ray diffractometry (XRD, Empyrean, 
PANalytical) using Cu K irradiation was employed to identify the structure of the prepared 
catalyst. Fourier transform infrared (FT-IR) spectrum of sample was recorded using the 
Nicolet iS5 FTIR spectrometer. The photo-Fenton reaction of the prepared catalyst was 
investigated by degrading a RhB solution in the presence of H2O2 under visible light 
irradiation. The remained concentrations of RhB at different reaction times were determined 
by UV-Vis spectrophotometer (UV1800, Shimadzu). Iron leaching due to the photo-Fenton 
reaction was determined by inductively coupled plasma optical emission spectrometry (ICP-
OES, Avio500, PerkinElmer). 
 
Results and Discussion:  
 Powder X-ray diffraction (XRD) was employed to identify the phase of the prepared 
catalyst, and the results are depicted in Figure 1 (black line). 

 
Figure 1. XRD pattern of prepared catalyst before and after photo-Fenton process. 

 
 It was evident that the prepared catalyst is a mixture of Fe(IO3)3 and FeOOH, since the 
XRD pattern was broad, it indicated that the FeOOH/Fe(IO3)3 was amorphous.  

 
Figure 2. FTIR spectrum of synthesized catalyst. 

 FTIR spectrum of prepared catalyst was shown in Figure 2. The Fe-O stretching was 
appeared at 420 cm-1 and the broad band centered at 742 cm-1 was assigned to IO2 stretching 
mode in IO3

- [9]. Two broad peaks at 1630-1633 and 3442-3452 cm-1 were assigned to the 
bending and stretching modes of the O-H group, respectively, indicating the presence of 
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adsorbed water on the surface of α-FeOOH [10]. The vibration frequencies at 1045 and 1124 
cm-1 can be attributed to α-FeOOH [11].    
 Given that the reduction potential of Fe3+/Fe2+ (0.77 V) [12] is lower than that of IO3

-/I2 
(1.10 V) [13], a redox reaction occurs between Fe2+ and IO3

-, as follows: 
 
 Fe2+(aq) + IO3

-(aq) → Fe3+(aq) + I2(s) (1) 
 
Produced Fe3+ could react with IO3

- to form Fe(IO3)3(s): 
 
 Fe3+ (aq) + 3IO3

- (aq) → Fe(IO3)3(s) (2) 
 
Some Fe2+ could be oxidized to FeOOH(s): 
 
 4Fe2+(aq) + O2(g) + 6H2O(l) → FeOOH(s) + 8H+(aq) (3) 
 
 

 
Figure 3. Changes in absorption spectra of RhB at difference reaction times (a) with and (b) 

without visible light irradiation.  
Experimental conditions: [RhB]=1.5x10-5 M, [H2O2]=100 L, and catalyst loading=0.05 g. 

 
 Photo-Fenton activity was evaluated by monitoring the degradation of RhB under 
visible light irradiation. The absorption spectrum of the RhB solution revealed a 
characteristic peak at 554 nm, and its absorbance decreased over time during irradiation 
(Figure 3(a)). To confirm that this reduction in absorbance is not attributable to the Fenton 
reaction, the experiment was conducted in the absence of light, and the corresponding results 
are displayed in Figure 3(b). Degradation was quantified using the following equation 
 
 Degradation (%) = [(A0-At)/A0]x100 (4) 
 
where A0 and At are absorbances of RhB at 554 nm for initial solution and after irradiation 
for time t. Figure 4 provides a comparative study of RhB degradation both in the presence 
and absence of visible light irradiation. As depicted in Figure 4, RhB degradation occurred in 
the absence of light, primarily through the Fenton reaction. However, the degradation rate 
significantly increases when exposed to visible light irradiation. Hence, it could be concluded 
that the main driving force behind the degradation of RhB in this study was the photo-Fenton 
reaction. 
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Figure 4. Degradation of RhB in the presence of FeOOH/Fe(IO3)3 and H2O2 with and 

without visible light irradiation. 
 
 According to the literature, heterogeneous photo-Fenton catalysts typically release iron 
ions into the solution, and these liberated iron species in the solution can function as 
homogeneous photo-Fenton catalysts. To investigate the impact of this phenomenon on the 
degradation of RhB, the solution after the photo-Fenton reaction was introduced to ICP-OES 
to determine the concentration of leached iron, which was found to be 12.4 ppm. The 
presence of Fe3+ ions in the solution allows them to serve as homogeneous Fenton catalysts, 
leading to the generation of •OH radicals (Eq.(5)-(6)) [14]: 
 Fe3+ + H2O2  → Fe2+ + HO2• + H+            (5) 
 
 Fe2+ + H2O2  → Fe3+ + •OH + OH-          (6) 
 
Upon the addition of FeCl3 to the RhB solution at a concentration determined by ICP-OES, 
RhB degradation reached 40% under visible light irradiation. As presented in Figure 3, under 
dark condition, this composite exhibited Fenton reaction [14]:  
 
 Fe3+ + H2O2  → Fe2+ + HO2• + H+            (7) 
 
 Fe2+ + H2O2  → Fe3+ + •OH + OH-          (8) 
 
In comparison to the dark experiment, the degradation efficiency significantly increased 
under visible light irradiation. Based on this evidence, it can concluded that the degradation 
of RhB using FeOOH/Fe(IO3)3 primarily arises from the heterogeneous photo-Fenton 
reaction (Eq.(9)-(11)) [14]: 
 
 FeOOH/Fe(IO3)3 + hv → FeOOH/Fe(IO3)3 (h+

VB, e-
CB) (9) 

 
 Fe3+ + e-

CB →  Fe2+ (10) 
 
 Fe2+ + H2O2 → Fe3+ + •OHads + OH- (11) 
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Figure 5. Effect of H2O2 volume on photo-Fenton degradation of RhB (dotted lines represent 

the experiments conducted in the absence of light).  
Experimental conditions: [RhB] = 1.5x10-5 M and catalyst loading = 0.05 g. 

 

 
Figure 6. Effect of catalyst loading on photo-Fenton degradation of RhB (dotted lines 

represent the experiments conducted in the absence of light).  
Experimental conditions: [RhB] = 1.5x10-5 M and [H2O2] = 100 L. 

 
 The photo-Fenton degradation of RhB using FeOOH/Fe(IO3)3 can be influenced by 
various operational parameters, including H2O2 volume, catalyst quantity, and initial dye 
concentration. Figure 5 illustrates the impact of H2O2 on the photo-Fenton degradation of 
RhB. It was observed that the degradation of RhB increased as the volume of H2O2 was 
raised from 10 μL to 100 μL. Since H2O2 serves as a source of •OH radicals, the increase in 
H2O2 volume led to higher generation of •OH radicals, consequently enhancing the oxidation 
rate. However, when the H2O2 volume was further increased to 130 μL, the degradation of 
RhB decreased. This decline can be attributed to the reaction between excess H2O2 and •OH 
radicals (Eq.(12)) [15]: 
 
 H2O2 + •OH → HOO• + H2O (12) 
 
Compared to •OH, the HOO• is much less low reactive; therefore, the degradation of RhB 
was reduced when the volume of H2O2 was more than 100 L. 
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Figure 7. Effect of initial dye concentration on photo-Fenton degradation of RhB (dotted 

lines represent the experiments conducted in the absence of light).  
Experimental conditions: [H2O2] = 100 L and catalyst loading = 0.05 g. 

 
 The influence of catalyst dosage on the photo-Fenton degradation of RhB is depicted in 
Figure 6. The curves presented in Figure 6 illustrate that as the catalyst dosage increased 
from 0.05 to 0.15 g, the degradation of RhB also increased. These results can be explained by 
the increase in active sites due to the higher catalyst dose, which, in turn, leads to a more 
robust generation of •OH radicals and an improved degradation rate. In contrast, Figure 7 
demonstrates that an increase in the initial dye concentration resulted in a decrease in the 
degradation of RhB. This phenomenon is due to the fact that, for a constant catalyst loading, 
an increment in dye concentration also decreased the [dye]/[•OH] ratio, ultimately reducing 
the degradation efficiency.   
   

 
Figure 8. Reusability in RhB degradation in the presence of FeOOH/Fe(IO3)3. 

 
 To assess the stability of the prepared catalyst, FeOOH/Fe(IO3)3 was examined in terms 
of its ability to recycle the degradation of RhB solution under visible light irradiation. Figure 
8 illustrates the reusability of FeOOH/Fe(IO3)3 over three cycles for the degradation of RhB. 
It is evident that the degradation efficiency decreased with the number of reuses. In Figure 2 
(violet color), the XRD pattern of FeOOH/Fe(IO3)3 after the photo-Fenton process is 
displayed. The intensity ratio of the Fe(IO3)3 and FeOOH peaks in the catalyst after the 
photo-Fenton process was reduced compared to the fresh catalyst. This reduction could be 
attributed to the dissolution of Fe(IO3)3 or its transformation into FeOOH. During the photo-
Fenton process, the generated Fe2+ (as in Eq(7) or (10)) could react with H2O2 and H2O to 
produce FeOOH [16]. The decrease in Fe(IO3)3 content might result in a lower RhB 
degradation.  
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Conclusion:  
 The photo-Fenton catalyst, FeOOH/Fe(IO3)3, was effectively synthesized using the ion-
exchange method. Under neutral conditions, it degraded a rhodamine B solution through the 
Fenton reaction in the absence of light. However, the degradation efficiency significantly 
improved when exposed to visible light, owing to the photo-Fenton process. Nevertheless, in 
the third cycle, the performance of this composite catalyst exhibited a degradation efficiency 
lower than 80%. 
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Abstract:  

Three aporphine alkaloids, corydine (1), isoboldine (2), and corydine-N-oxide (3), 
were isolated from the leaves of Alphonsea elliptica through phytochemical investigation. 
Their structures were characterized using a variety of spectroscopic techniques, such as 1D 
and 2D NMR data (COSY, HMBC, HMQC and NOESY). The antibacterial activity of 
corydine (1) was observed at concentrations greater than 2,048 µg/mL. 
 
Introduction:  

Alphonsea is a small genus of the family Annonaceae. The genus Alphonsea 
comprises 23 to 34 species that are found in India, Sri Lanka, Bangladesh, Myanmar, China, 
Thailand, Laos, Cambodia, Vietnam, Malaysia, Indonesia, Papua New Guinea, and 
Philippines. In Thailand, 6 to 12 species including A. glandulosu, A. kinggii, A. malayana, A. 
pallida, A. lucida and A. siamensis were reported.1 

The bark of A. elliptica was investigated to provide two oxoaporphines, two 
dioxoaporphines and an azafluorenone alkaloids.2 These compounds showed various 
biological activities such as antioxidative activity, oxidase inhibitory activity, and 
cytotoxicity against breast cancer cell lines in a prior paper. In this study, chemical 
investigation of the leaves of A. elliptica resulted in the isolation of three aporphine alkaloids 
as corydine (1), isoboldine (2), and corydine-N-oxide (3). These compounds were tested for 
antibacterial activity against Staphylococcus aureus, S. epidermidis and methicillin-resistant 
S. epidermidis. 
 
Methodology:  
General experimental procedures 
 Infrared spectra (IR) were obtained on a FTS165 FT-IR spectrometer or a Perkin Elmer 
Spectrum GX FT-IR system and recorded on wavenumber (cm-1). 1H and 13C-Nuclear magnetic 
resonance (1H and 13C NMR) spectra were recorded on a FTNMR Bruker Avance 300 MHz or 500 
MHz spectrometers using tetramethylsilane (TMS) as an internal standard. Spectra were recorded 
as chemical shift parameter ( ) value in ppm down field from TMS (  0.00). Ultraviolet spectra 
(UV) were measured with a UV-160A SHIMADSU spectrophotometer. Principle bands (max) 
were recorded as wavelengths (nm) and log  in MeOH solution. Optical rotations were measured 
in methanol solution or chloroform solution with sodium D line (590 nm) on a JASCO P-2000 
polarimeter. 
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Plant materials 
 The leaves of Alphonsea elliptica were collected from Nakhon Si Thammarat 
Province, Thailand. A voucher specimen (C. Leeratiwong 20-1792) was identified by  
Associate Professor Dr.Jarun Leeratiwong (Division of Biological Science, Prince of Songkla 
University, Thailand). 
Isolation and purification  

The leaves of A. elliptica (942.0 g) were successively extracted with methanol at 
room temperature for 7 days. The solvent was evaporated under reduced pressure to give the 
crude methanol extract (153.0 g) as a dark-green viscous. It was dissolved in 
dichloromethane to give the dichloromethane soluble (AED) and the insoluble fractions 
(AEM). 
  AED was separated by column chromatography over silica gel using 100% 
dichloromethane and then increased the amount of methanol until 80% methanol in 
dichloromethane to give five fractions (AED1-AED5). Fraction AED3 was separated by 
column chromatography over silica gel using 5% methanol in dichloromethane and then 
increased the amount of methanol until 70% methanol in dichloromethane to give compound 
1 (8.2 mg). 
 AEM was dissolved in acetone to give the acetone soluble (AEA) and insoluble 
fractions (AEI). Fraction AEA was separated by column chromatography over silica gel. 
Elution was conducted with 100% dichloromethane and then increased the amount of 
methanol until 60% methanol in dichloromethane to give compound 1 (414.8 mg). Fraction 
AEI was further separated by column chromatography over Sephadex LH-20. Elution was 
conducted with 100% methanol to afford three subfractions (AEI1-AEI3). Subfraction AEI2 
was separated by column chromatography over silica gel. Elution was conducted with  
5% methanol in dichloromethane and then increased the amount of methanol until 60% 
methanol in dichloromethane to give compounds 2 (18.0 mg) and 3 (5.0 mg). 
Antibacterial assay 

 The antimicrobial activity of compound 1 against pathogens including Staphylococcus 
aureus, S. epidermidis and Methicillin-Resistant S. epidermidis was determined through the 
broth microdilution method in a 96-well polystyrene microtiter plate as described with slight 
modifications.3 For preparing the working solution, the stock solution of compound 1  
(8,192 µg/ml) was two-fold serially diluted in Mueller-Hinton broth (MHB) to the final 
concentration ranging from 4,096 to 256 µg/ml. The overnight pathogen cultures were 
adjusted to 0.5 McFarland in fresh MHB and diluted to the final concentration of 105 
CFU/ml. Then, 100 μl of pathogen cultures were inoculated in 100 μl of each compound 1 
dilution. The plate was incubated at 37 oC for 24 hours with every 1-hour measurement of  
the kinetic growth curve at optical density (OD) 600 nm. The experiment was performed in 
duplicate. 
 
Results and Discussion:  

The dichloromethane soluble and insoluble fractions, extracted from the leaves of  

A. elliptica, were separated by column chromatography over silica gel and Sephadex LH-20 
to obtain three known alkaloids. The known alkaloids included corydine (1), isoboldine (2) 
and corydine-N-oxide (3). Spectroscopic techniques such as 1D and 2D NMR, IR, and 
HRESI-MS were used to identify the structures of these known alkaloids, and the 
spectroscopic data were compared with previously reported data. 

Compound 1 was obtained as a pale brown amorphous solid. The melting point is 
125-128 oC. The IR absorption bands at 3423 (O-H stretching), 1638 and 1466  
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(C=C stretching) cm-1 indicated the presence of hydroxy group and benzene ring. The 1H and 
13C NMR spectra of 1 (Table 1) displayed signals characteristic of an aporphine alkaloid4 
bearing two aromatic rings [δH 7.09 (d, J = 9.0 Hz, H-8), 6.88 (d, J = 9.0 Hz, H-9) and  
6.69 (s, H-3); δC 152.0 (C-10), 149.3 (C-2), 144.0 (C-11), 142.4 (C-1), 131.1 (C-7a), 128.4 
(C-1b), 126.7 (C-11a), 124.5 (C-8), 124.2 (C-3a), 119.4 (C-1a), 111.5 (C-3) and 111.0 (C-9)]. 
In addition, the NMR data indicated the presence of signals for a N-methyl group (δH 2.54, s), 
three methylene groups [δH 3.13 (td, J = 15.0, 6.0 Hz, Ha-4), 2.66 (d, J = 15.0 Hz, Hb-4), 3.02 
(dt, J = 13.0, 3.0 Hz, Ha-5), 2.48 (m, J = 13.0, 3.0 Hz, Hb-5), 3.05 (t, J = 3.6 Hz, Ha-7) and 
2.40 (m, Hb-7)]. The positions of N-Me and two methylene protons (Hab-4 and Hab-5) were 
assigned by HMBC and 1H-1H COSY correlations. HMBC cross peaks of N-Me (δH 2.54) to 
C-5 and C-6a and those of the methylene Hab-5 to C-3a, C-4 and C-6a, as well as COSY 
correlation between Hab-4/Hab-5 established a Me-N-CH2CH2 unit which linked the N-Me and  
the terminal methylene group with C-6a and C-3a, respectively. In addition, the remaining 
methylene group (Hab-7) showed HMBC correlation with C-7a and C-6a which further 
attached this methylene group with these carbons. The location of hydroxyl group was 
assigned at C-1 by HMBC correlations of OH-1 to C-1, C-2 and C-1a whereas those of three 
methoxy groups at C-2, C-10 and C-11 were established by the same correlations of the 
methoxy protons of two methoxy groups at δH 3.91 to C-2 and C-10 and those of a methoxy 
group at δH 3.73 to C-11. Furthermore, these assignments were confirmed by NOEDIEF 
experiment. Irradiation of 1-OH, H-9 and H-3 enhanced signals intensity of 11-OMe,  
10-OMe and 2-OMe, respectively. Finally, the specific rotation of compound 1, [α]D +173  
(c 0.2, MeOH), was similar to that of corydine, [α]D +198 (c 0.2, MeOH).5 Thus, compound 1 
was elucidated as corydine.6  

Compound 2 was obtained as a brown amorphous solid. The melting point is 118-121 oC. 
The UV and IR spectra of compound 2 were similar to those of compound 1, indicating that 
they possessed an aporphine skeleton. Their 1H NMR spectra were similar, expect that 
D ring of compound 2 has two singlet aromatic protons at δH 6.72 and 7.98 and one methoxy 
group at δH 3.87 instead of two ortho-coupled aromatic protons of compound 1 (δH 7.09 and 
6.88). These singlet protons were attributed to H-8 and H-11, respectively, according to 
HMBC correlations of H-8 to C-10 (δC 145.3) and C-11a (δC 124.2) and H-11 to C-7a  
(δC 129.5) and C-9 (δC 144.7). The methoxy group resonating at δH 3.87 was attached to C-10 
based on HMBC correlation of these methoxy protons with C-10. Finally, a hydroxy group 
was located on C-9 because of the chemical shift value of C-9. The absolute configuration of 
C-6a was suggested to be S by comparing the specific rotation of compound 2, [α]D +36.3 (c 
0.1, CHCl3), with the previous reported data for isoboldine7 [α]D +35 (c 0.1, CHCl3). 
Therefore, compound 2 was assigned as isoboldine.8 

Compound 3 was obtained as a yellow gum. The UV and IR data supported aporphine 
core. The 1H and 13C NMR spectra of 3 were very similar to 1 (Table 1) except for the 
downfield shifts of methylene, methine and methyl carbons at C-5 (δC 65.0), C-6a (δC 72.3) 
and N-Me (δC 58.4), respectively, which suggested that compound 3 was an N-oxide 
derivative of compound 1. Comparison of the chemical shift values of C-5, C-6a, and N-Me 
of compound 3 with those of corydine (1) indicated that the chemical shift values of these 
carbons in compound 3 were greater than those of compound 1.9 As a result, compound 3 was 
established as corydine-N-oxide.10 
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Figure 1. Chemical structures of alkaloids 1-3 
 
Table 1. NMR data of 1 (CDCl3) and 2 (CDCl3+CD3OD) at 300 MHz and 3 (CD3OD at 

500 MHz)   
Position 1 2 3 

δc δH δc  δH  δc  δH  
1 142.4 (C) - 140.7 (C) - 144.0 (C) - 
1a 119.4 (C) - 119.8 (C) - 120.8 (C) - 
1b 128.4 (C) - 127.0 (C) - 123.8 (C) - 
2 149.3 (C) - 146.0 (C) - 151.2 (C) - 
3 111.5 (CH) 6.69 (s) 108.8 (CH) 6.50 (s) 112.5 (CH) 6.89 (s) 
3a 124.2 (C) - 123.9 (C) - 123.5 (C) - 
4 29.3 (CH2) a: 3.13 (dt, 15.0, 

6.0) 
28.8 (CH2) a: 3.09 (m) 25.2 (CH2) a: 3.57 (m) 

  b: 2.66 (d, 
15.0) 

 b: 2.60 (m)  b: 2.79 (m) 

5 53.0 (CH2) a: 3.02 (dt, 13.0, 
3.0) 

53.5 (CH2) a: 3.00 (m) 65.0 (CH2) a: 3.73 (m) 

  b: 2.48 (d, 
13.0) 

 b: 2.49 (m)  b: 3.60 (m) 

6a 63.0 (CH) 2.94 (m) 62.7 (CH) 3.05 (m) 72.3 (CH) 4.35 (dd, 13.5, 
3.0) 

7 35.8 (CH2) a: 3.05 (t, 
3.6) 

34.1 (CH2) a: 2.91 (m) 31.6 (CH2) a: 3.17 (m) 

  b: 2.40 (m)  b: 2.51 (m)  b: 3.00 (m) 
7a 131.1 (C) - 129.5 (C) - 129.3 (C) - 
8 124.5 (CH) 7.09 (d, 9.0) 114.2 (CH) 6.72 (s) 125.9 (CH) 7.23 (d, 8.0) 
9 111.0 (CH) 6.88 (d, 9.0) 144.7 (C) - 113.3 (CH) 7.05 (d, 8.0) 
10 152.0 (C) - 145.3 (C) - 153.8 (C) - 
11 144.0 (C) - 112.0 (CH) 7.98 (s) 145.7 (C) - 
11a 126.7 (C) - 124.2 (C) - 126.5 (C) - 
2-OCH3 56.2 (CH3) 3.91 (s) 56.2 (CH3) 3.85 (s) 56.7 (CH3) 3.88 (s) 
10-
OCH3 

56.2 (CH3) 3.91 (s) 56.2 (CH3) 3.87 (s) 56 7 (CH3) 3.90 (s) 

11-
OCH3 

62.1 (CH3) 3.73 (s) - - 62.2 (CH3) 3.67 (s) 

1-OH - 8.70 (s) - - - - 
N-CH3 44.2 (CH3) 2.54 (s) 43.8 (CH3) 2.50 (s) 58.4 (CH3) 3.38 (s) 
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Table 2. 1H NMR data of compounds (1-3) compared with corydine, isoboldine and 

   corydine-N-oxide 

Position 
Corydine6 1 Isoboldine8 2 Corydine-N-

oxide9 
3 

δH  δH  δH  δH  δH  δH  
1 - - - - - - 
1a - - - - - - 
1b - - - - - - 
2 - - - - - - 
3 6.67 (s) 6.69 (s) 6.60 (s) 6.50 (s) 6.64 (s) 6.89 (s) 
3a - - - - - - 
4 3.18 (m) a: 3.13 (dt, 15.0, 

6.0) 
a: 2.94 (m) a: 3.09 

(m) 
a: 3.24 (ddd, 
18.0, 12.5, 
6.0) 

a: 3.57 (m) 

 2.67 (m) b: 2.66 (d, 15.0) b: 2.57 (m) b: 2.60 
(m) 

b: 3.03 (dd, 
18.0, 6.0) 

b: 2.79 (m) 

5 3.06 (m) a: 3.02 (dt, 13.0, 
3.0) 

a: 2.94 (m) a: 3.00 
(m) 

a: 4.07 (dd, 
12.5, 6.0 

a: 3.73 (m) 

 2.75 (m) b: 2.48 (d, 13.0) b: 2.30 (m) b: 2.49 
(m) 

b: 3.82 (m) b: 3.60 (m) 

6a 3.45 (m) 2.94 (m) 2.94 (m) 3.05 (m) 4.47 (dd, 
13.0, 3.5) 

4.35 (dd, 
13.5, 3.0) 

7 3.08 (m) a: 3.05 (t, 3.6) a: 2.94 (m) a: 2.91 
(m) 

a: 3.53 
(dd, 12.5, 
3.5) 

a: 3.17 (m) 

 2.37 (m) b: 2.40 (m) b: 2.30 (m)  b: 2.51 
(m) 

b: 2.63 (ddd, 
13.0, 12.5, 
1.0) 

b: 3.00 (m) 

7a - - - - - - 
8 7.05 (d, 

7.2) 
7.09 (d, 9.0) 6.72 (s) 6.72 (s) 7.12 (dd, 8.0, 

1.0) 
7.23 (d, 8.0) 

9 6.85 (d, 
7.2) 

6.88 (d, 9.0) - - 6.86 (d, 8) 7.05 (d, 8.0) 

10 - - - - - - 
11 - - 7.99 (s) 7.98 (s) - - 
11a - - - - - - 
2-OCH3 3.87 (s) 3.91 (s) 3.79 (s) 3.85 (s) 3.85 (s) 3.88 (s) 
10-
OCH3 

3.87 (s) 3.91 (s) 3.75 (s) 3.87 (s) 3.85 (s)) 3.90 (s) 

11-
OCH3 

3.71 (s) 3.73 (s) - - 3.66 (s) 3.67 (s) 

1-OH 8.71 (s) 8.70 (s) - - - - 
N-CH3 2.90 (s) 2.54 (s) 2.45 (s) 2.50 (s) 3.14 (s) 3.38 (s) 
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Table 3. 13C NMR data of compounds (1-3) compared with corydine, isoboldine and 

   corydine-N-oxide 

Position 
Corydine6 1 Isoboldine8 2 Corydine-

N-oxide9 
3 

δc δc  δc δc δc  δc  
1 142.2 (C) 142.4 (C) 141.4 (C) 140.7 (C) 143.9 (C) 144.0 (C) 
1a 119.1 (C) 119.4 (C) 120.4 (C) 119.8 (C) 125.6 (C) 120.8 (C) 
1b 127.8 (C) 128.4 (C) 123.4 (C) 127.0 (C) 119.3 (C) 123.8 (C) 
2 149.0 (C) 149.3 (C) 147.3 (C) 146.0 (C) 151.1 (C) 151.2 (C) 
3 111.2 (CH) 111.5 (CH) 109.9 (CH) 108.8 (CH) 110.5 (CH) 112.5 (CH) 
3a 123.7 (C) 124.2 (C) 126.7 (C) 123.9 (C) 122.5 (C) 123.5 (C) 
4 28.8 (CH2) 29.3 (CH2) 28.7 (CH2) 28.8 (CH2) 27.0 (CH2) 25.2 (CH2) 
5 52.6 (CH2) 53.0 (CH2) 53.4 (CH2) 53.5 (CH2) 65.6 (CH2) 65.0 (CH2) 
6a 62.6 (CH) 63.0 (CH) 62.9 (CH) 62.7 (CH) 74.5 (CH) 72.3 (CH) 
7 35.3 (CH2) 35.8 (CH2) 33.9 (CH2) 34.1 (CH2) 29.8 (CH2) 31.6 (CH2) 
7a 130.5 (C) 131.1 (C) 129.5 (C) 129.5 (C) 129.3 (C) 129.3 (C) 
8 124.2 (CH) 124.5 (CH) 115.6 (CH) 114.2 (CH) 126.1 (CH) 125.9 (CH) 
9 110.8 (CH) 111.0 (CH) 145.9(C) 144.7 (C) 111.9 (CH) 113.3 (CH) 
10 151.7 (C) 152.0 (C) 146.0 (C) 145.3 (C) 152.3 (C) 153.8 (C) 
11 143.7 (C) 144.0 (C) 114.2 (CH) 112.0 (CH) 144.0 (C) 145.7 (C) 
11a 126.3 (C) 126.7 (C) 124.0 (C) 124.2 (C) 126.5 (C) 126.5 (C) 
2-OCH3 56.3 (CH3) 56.2 (CH3) 56.4 (CH3) 56.2 (CH3) 56.1 (CH3) 56.7 (CH3) 
10-OCH3 56.3 (CH3) 56.2 (CH3) 56.4 (CH3) 56.2 (CH3) 56.1 (CH3) 56 7 (CH3) 
11-OCH3 61.7 (CH3) 62.1 (CH3) - - 62.1 (CH3) 62.2 (CH3) 
1-OH - - - - - - 
N-CH3 41.2 (CH3) 44.2 (CH3) 43.9 (CH3) 43.8 (CH3) 48.3 (CH3) 58.4 (CH3) 
 
 The kinetic growth curve of compound 1 against various bacterial pathogens 
including S. aureus, S. epidermidis, and methicillin-resistant S. epidermidis was shown in 
Figure 2. The pathogen growths treated with compound 1 at the concentration of 2,048 
µg/mL displayed a normal growth curve, comparable to the negative control. As a result, the 
antimicrobial activity of 1 exceeded 2,048 µg/mL. Consequently, the concentration of 1 that 
exhibited antibacterial activity needed to be greater than 2,048 µg/mL. 
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Figure 2. Growth curves of Staphylococcus aureus (A), S. epidermidis (B) and Methicillin-
resistant S. epidermidis (C) treated with 1 at different concentrations. 
 
Conclusion:  
Corydine (1), isoboldine (2), and corydine-N-oxide (3) were obtained from the crude extract 
from the leaves of Alphonsea elliptica. Compound 1 displayed comparable antibacterial 
activity against S. aureus, S. epidermidis, and methicillin-resistant S. epidermidis to the 
negative control at the concentration of 2,048 µg/mL. Furthermore, compounds 1, 2 and 3 
were isolated from Alphonsea elliptica for the first time. 
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Abstract:  
One known coumarin derivative, scoparone (1), and three acridone alkaloids, baiyumine-A 
(2), citracridone-I (3) and citropone-A (4), were isolated from the acetone extract of the stems 
of Citrus hystrix. Their structures were determined by analysis of 1D and 2D NMR 
spectroscopic data and comparison of these data with those reported in the literatures. 
Compounds 1-4 were isolated for the first time from the stems of Citrus hystrix. The isolated 
compounds were evaluated for antioxidant, anti-HIV and antibacterial activities. 
Unfortunately, all isolated compounds displayed no activities against antioxidant, anti-HIV 
and antibacterial activities.  

 
Introduction:  
Citrus hystrix locally known as “magrood”, is a plant belonging to the Rutaceae family. It is a 
small size tree about 3-5 m tall with very distinctive leaves. It is found in Thailand and 
Southeast Asia. The biological activity from many parts of C. hystrix has been reported. The 
leaves showed cytotoxic,1 antioxidant,2,3 antitumor promoter,4,5 and antibacterial6 activities. 
The fruit peels displayed antifertility activity7 and cholinesterase inhibitory.8 Our previous 
investigation of the roots of C. hystrix exhibited anti-HIV, antioxidant and antibacterial 
activities.9 However, a phytochemical examination and biological activity on the stems of C. 
hystrix have not yet been reported.  
 
Methodology:  
General material 
Ultraviolet (UV) absorption spectra were recorded in methanol solution on a UV-visible 
spectrophotometer (Shimadzu, UV 1800). Infrared spectra (IR) were recorded using a FT-IR 
spectrometer (Thermo Scientific, Nicolet is5). 1H and 13C NMR were recorded on a Bruker 
FTNMR Ultra ShieldTM 300 and 500 MHz spectrometers with tetramethylsilane (TMS) as an 
internal standard. Thin layer chromatography (TLC) was performed on silica gel 60 GF254 
(Merck). Dry column vacuum chromatography (DCVC) and column chromatography (CC) 
were carried out on silica gel (Merck) types 60 and 100 (70-230 mesh ASTM), respectively, 
or on Sephadex LH-20 (GE-Healthcare). 
Plant material 
The stems of C. hystrix were collected in Songkhla province, in the Southern part of 
Thailand, in March 2008. A voucher specimen (Yuranan 01) was deposited at the Herbarium 
of Division of Biological Science, Faculty of Science, Prince of Songkla University, Hat Yai, 
Thailand. 
Extraction and isolation 
Air-dried and chopped stems of C. hystrix (2.20 kg) were extracted with acetone (3 × 10 L) 
for 7 days at room temperature to afford a dark brown gum (106.90 g) after evaporation of 
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the solvent under vacuum. Then 16.90 g of crude extract was subjected to DCVC, eluting 
with hexane, acetone and methanol in a polarity gradient manner to obtain 12 fractions (A1-
A12). Fraction A4 (975.9 mg) was separated by repeated CC, CC over Sephadex LH-20 
followed by recrystallization from CH2Cl2-hexane to give 1 (1.8 mg), 2 (34.7 mg), 3 (3.6 mg) 
and 4 (1.5 mg). 
Free radical scavenging, anti-HIV and antibacterial assays 
These assays were performed as previously described.9  

 
Results and Discussion:  
The acetone extract from the stems of C. hystrix exhibited the antioxidant, anti-HIV and 
antibacterial activities. These activities prompted us to further investigate its chemical 
constituents. The acetone extract of the stems of C. hystrix was subjected to chromatographic 
purification to give four known compounds [one coumarin derivative: scoparone (1),10 and 
three alkaloid derivatives: baiyumine-A (2),11 citracridone-I (3)12 and citropone-A (4)13] 
(Figure 1). Their structures were elucidated by spectroscopic method. 1H NMR spectroscopic 
data were compared with those previously reported. 
 Compound 1 was obtained as a colourless solid and melted at 143.8-144.9 ºC. Its 
NMR spectroscopic data (Table 1) were similar to those of scoparone. Then, 1 was assigned 
as 1,7-dimethoxycoumarin (scoparone) previously isolated from Skimmia laureola.10 
 Compound 2 was obtained as a yellow solid and melted at 155.4-155.9 ºC. Its NMR 
spectroscopic data (Table 2) were similar to those of baiyumine-A. Therefore, 2 was assigned 
as 1-hydroxy-5-methoxy-6′,6′-dimethylpyrano(2′,3′:3,4)acridone (baiyumine-A) which was 
previously isolated from C. grandis f. hakunikuyu.11 
 Compound 3 was obtained as orange crystals and melted at 258.2-259.5 ºC. Its NMR 
spectroscopic data (Table 2) were similar to those of 2 except that signals for three ABC 
pattern aromatic protons [H 7.19 (1H, dd, J = 7.8, 1.5 Hz, H-6), 7.27 (1H, t, J = 7.8 Hz, H-7) 
and 7.95 (1H, dd, J = 7.8, 1.5 Hz, H-8)] of 2 were replaced by signals for two ortho-coupled 
aromatic protons [H 6.98 (1H, d, J = 8.7 Hz, H-7) and 8.05 (1H, d, J = 8.7 Hz, H-8)]. HMBC 
correlations of both ortho-coupled aromatic protons with C-6 (C 154.6) together with the 
chemical shift of C-6 indicated that a hydroxyl group was attached at C-6. Thus, 3 was 
assigned as 1,6-dihydroxy-5-methoxy-6′,6′-dimethylpyrano(2′,3′:3,4)acridone (citracridone-I) 
which was previously isolated from C. depressa.12 
 Compound 4 was obtained as an orange solid and melted at 262.7-263.2 ºC. Its NMR 
spectroscopic data (Table 2) were similar to those of citropone-A. Thus, 4 was assigned as 
citropone-A which was previously isolated from C. natsudaidai.13 

 
Figure 1. Structures of compounds 1-4. 
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Table 1. The NMR data of 1 in CDCl3 
Position H (mult, J in Hz)a C (C-type)a 

2 - 161.3 (C) 
3 6.31 (d, 9.6) 113.6 (CH) 
4 7.65 (d, 9.6) 143.2 (CH) 
4a - 111.4 (C) 
5 6.87 (s) 108.1 (CH) 
6 - 150.1 (C) 

6-OMe 3.97 (s) 56.4 (CH3) 
7 - 146.4 (C) 

7-OMe 3.94 (s) 56.4 (CH3) 
8 6.86 (s) 100.1 (CH) 
8a - 152.9 (C) 

a1H NMR 300 MHz and 13C NMR 75 MHz 
 
 

Table 2. The NMR data of 2, 3 and 4 in CDCl3 
Position 2a 3a 4b 

 H (mult, J in 
Hz) 

C (C-
type) 

H (mult, J in 
Hz) 

C (C-
type) 

H (mult, J in 
Hz) 

C (C-
type) 

1 - 164.7 
(C) 

- 164.8 (C) - 164.3 
(C) 

1-OH 14.25 (s) - 14.26 (s) - 14.05 (s) - 
2 6.25 (s) 98.4 

(CH) 
6.25 (s) 98.8 (CH) 6.29 (s) 100.3 

(CH) 
3 - 161.5 

(C) 
- 161.2 (C) - 161.9 

(C) 
4 - 102.6 

(C) 
- 102.7 (C) - 101.9 

(C) 
4a - 148.0 

(C) 
- 147.4 (C) - 143.9 

(C) 
5 - 150.7 

(C) 
- 136.0 (C) - 185.8 

(C) 
5-OMe 4.00 (s) 56.3 

(CH3) 
3.90 (s) 60.2 (CH3) - - 

6 7.19 (dd, 7.8, 
1.5) 

115.6 
(CH) 

- 154.6 (C) - 117.4 
(C) 

6-OH - - - - - - 
7 7.27 (t, 7.8) 123.3 

(CH) 
6.98 (d, 8.7) 112.2 

(CH) 
- 176.7 

(C) 
7-OH - - - - 16.51 (s) - 

8 7.95 (dd, 7.8, 
1.5) 

118.0 
(CH) 

8.05 (d, 8.7) 123.5 
(CH) 

6.61 (d, 12.5) 124.0 
(CH) 

8a - 125.2 
(C) 

- 118.6 (C) - - 

9 - 182.1 - 181.6 (C) 7.91 (d, 12.5) 133.4 
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(C) (CH) 
9a - 107.6 

(C) 
- 106.9 (C) - 117.4 

(C) 
10 - - - - - 180.0 

(C) 
10-NMe 3.73 (s) 49.2 

(CH3) 
3.70 (s) 48.1 (CH3) - - 

10a - 138.4 
(C) 

- 141.7 (C) - 108.5 
(C) 

11 6.64 (d, 9.6) 121.2 
(CH) 

6.54 (d, 9.6) 120.5 
(CH) 

- - 

11-NMe - - - - 3.69 (s) 47.0 
(CH3) 

11a - - - - - 153.8 
(C) 

12 5.54 (d, 9.6) 124.0 
(CH) 

5.57 (d, 9.6) 124.8 
(CH) 

6.55 (d, 10.0) 120.5 
(CH) 

13 - 77.4 (C) - 77.4 (C) 5.51 (d, 10.0) 124.6 
(CH) 

14 1.51 (s) 27.3 
(CH3) 

1.51 (s) 27.3 (CH3) - 77.0 (C) 

15 1.51 (s) 27.3 
(CH3) 

1.51 (s) 27.3 (CH3) 1.44 (s) 26.9 
(CH3) 

16 - - - - 1.44 (s) 26.9 
(CH3) 

17 - - - - - 203.5 
(C) 

18 - - - - 2.50 (s) 28.4 
(CH3) 

a1H NMR 300 MHz and 13C NMR 75 MHz 
b1H NMR 500 MHz and 13C NMR 125 MHz 
The crude extract of this plant displayed the antioxidant, anti-HIV and antibacterial activities. 
The isolated compounds were assayed for their biological activities in our previous report.9 
Unfortunately, their biological activities of all isolated compounds showed no activities 
against antioxidant, anti-HIV and antibacterial activities9 possibly due to a synergistic effect 
in the crude extract. 
 
Conclusion:  
This is the first report on chemical constituents from the stems of C. hystrix. One known 
coumarin derivative, scoparone (1), and three alkaloid derivatives, baiyumine-A (2), 
citracridone-I (3) and citropone-A (4), were isolated by chromatographic techniques. These 
compounds showed no activities against antioxidant, anti-HIV and antibacterial activities.  

 
Acknowledgements:  
This work was supported by Faculty of Science, Prince of Songkla University. 

 
 
 

576



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

References: 
1. Ong CY, Ling SK, Ali RM, Chee CF, Samah ZA, Ho ASH, Teo SH, Lee HB. Photobiol. 

2009;96:216–222. 
2. Hutadilok-Towatana N, Chaiyamutti P, Panthong K, Mahabusarakam W, Rukachaisirikul 

V. Pharm Biol. 2006;44:221–228. 
3. Wong SP, Leong LP, Koh JHW. Food Chem. 2006;99:775–783. 
4. Murakami A, Nakamura Y, Koshimizu K, Ohigashi H. J Agric Food Chem. 

1995;43:2779–2783. 
5. Tiwawech D, Hirose M, Futakuchi M, Lin C, Thamavit W, Ito N, Shirai T. Cancer Lett. 

2000;158:195–201. 
6. Wannissorn B, Jarikasem S, Siriwangchai T, Thubthimthed S. Fitoterapia. 2005;76:233–

236. 
7. Piyachaturawat P, Glinsukon T, Chanjarunee A. J Ethnopharmacol. 1985;13:105–110. 
8. Youkwan J, Sutthivaiyakit S, Sutthivaiyakit P. J Nat Prod. 2010;73:1879–1883. 
9. Panthong K, Srisud Y, Rukachaisirikul V, Hutadilok-Towatana N, Piyawan 

Voravuthikunchai S, Tewtrakul S. Phytochemistry. 2013;88:79–84. 
10. Razdan TK, Qadri B, Harkar S, Waight ES. Phytochemistry. 1987;26:2063–2069. 
11. Wu TS. Phytochemistry. 1987;26:871–872. 
12. Wu TS, Kuoh LS, Furukawa H. Chem Pharm Bull. 1983;31:895–900. 
13. Ito C, Tanahashi S, Fujiwara K, Nakagawa M, McPhall AT, Wu TS, Kajiura I, Omura M, 

Furukawa H. Chem Pharm Bull. 1990;38:1881–1885. 

577



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

ONE-POT SYNTHESIS OF 4-ARYL-1,2-NAPHTHOQUIONONES AND 2-ARYL-1,4-
NAPHTHOQUINONES  
Pipat Pobpimai,1,2 Torsak Luanphaisarnnont1,2,* 
1Department of Chemistry, Faculty of Science, Mahidol University, Bangkok 10400, 
Thailand 
2Center of Excellence for Innovation in Chemistry (PERCH-CIC), Faculty of Science, 
Mahidol University, Bangkok 10400, Thailand 
*e-mail: torsak.lua@mahidol.ac.th 
 
Abstract:  

Development of green and efficient synthetic methods is an ongoing challenge in 
synthetic chemistry. One approach to solve this problem is one-pot reactions wherein 
multiple transformations are achieved in one reaction vessel. Although many synthetic 
methods for 4-aryl-1,2-naphthoquinones and 2-aryl-1,4-naphthoquinones−important and 
useful structures−have been reported, one-pot methods directly from 1-naphthols are limited. 
This work focused on the development of a one-pot synthesis of 4-aryl-1,2-naphthoquinones 
and 2-aryl-1,4-naphthoquinones from 1-naphthols. Investigation of electronic requirement in 
the reaction was also reported.  
 
Introduction: 

Chemical synthesis is an important area in chemistry to access a variety of 
compounds with useful applications. Green chemistry is a strategy to make synthetic methods 
more environmentally and economically friendly. A one-pot reaction allows muti-step 
chemical transformations in one reaction vessel. Therefore, it can minimize chemical waste 
and increase time-efficiency. A one-pot synthesis is also convenient to operate, avoiding 
labor-consuming purification steps of intermediates in the synthesis. Despite these 
advantages, one-pot reactions are not widely used, possibly due to the complex compatibility 
among different substrates in the reaction. 

4-Aryl-1,2-naphthoquinones and 2-aryl-1,4-naphthoquinones are sub-structures of 
many organic compounds with useful biological activities such as anti-angiogenesis,1 anti-
oxidant,2 and anti-cancer properties.3,4 These motifs have also been found in many natural 
products.1,5 In addition, these compounds have been used as a photochromic dye.6 

 
Figure 1. Examples of 2-aryl-1,4-naphthoquinone and 4-aryl-1,2-naphthoquinone derivatives 
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Previous syntheses of 2-aryl-1,4-naphthoquinones have been reported using diverse 
methods, including cross-coupling reactions,7−9 oxidative arylation,10 intramolecular 
cyclization,11,12 and oxidative dearomatization.13 For the synthesis of 4-aryl-1,2-
naphthoquinones, various approaches have been explored, such as the oxidation of 2-
naphthols,14 vinylogous Michael reactions,15 oxidative annulation of aryl glyoxal with 
alkynes,16 homo-coupling reactions,17 cross-coupling reactions,18 and conjugate addition.19−21 
A one-pot approach to these derivatives has not been thoroughly investigated. Even though it 
potentially offers a more environmentally friendly route to the compounds. This work 
reported a one-pot method for the efficient synthesis of 4-aryl-1,2-naphthoquinones and 2-
aryl-1,4-naphthoquinones using 1-naphthols and arenes as starting materials. 
 

 
Methodology: 
General procedures: 1H-NMR and 13C-NMR spectra were obtained from Bruker Advance 
400 MHz NMR spectrometers. Chemical shifts are reported in ppm from tetramethylsilane 
(TMS) with the residual solvent resonance as an internal standard (CDCl3 at δH 7.26 and δC 
77.0). Data are reported as follows: s = singlet, d = doublet, t = triplet, m = multiplet; 
coupling constant(s) in Hz, the number of corresponding H atoms. Thin layer 
chromatography was performed on aluminum sheet with Merck silica gel 60 (0.063–0.200 
nm) as a stationary phase. 
Material: Commercial reagents and organic solvents were purchased from TCI, Merck, and 
Sigma-Aldrich. They were used without further purification unless otherwise noted. 
General procedure for the synthesis of arylnaphthoquinones: To a mixture of 1-naphthol 
derivatives (0.2 mmol, 1 equiv) and potassium persulfate (K2S2O8, 0.6 mmol, 3 equiv) in 
water (500 μL), arene (0.2 mmol, 1 equiv) was added. The reaction was heated to 50 C for 
24 h. The reaction mixture was cooled to room temperature, extracted with dichloromethane 
(3 x 30 mL), washed with saturated NaCl solution (50 mL), and dried with anhydrous 
Na2SO4. The solvent was removed under vacuo. The crude product was purified by column 
chromatography to give the desired product(s). 
Synthesis of 2-(2,4,6-trimethoxyphenyl)naphthalene-1,4-dione (3aa) and 4-(2,4,6-
trimethoxyphenyl)naphthalene-1,2-dione (4aa): The compounds were synthesized 
according to the general procedure. 1-Naphthol (28.8 mg, 0.2 mmol) and 1,3,5-
trimethoxybenzene (28.8 mg, 0.2 mmol) were used as starting materials. The crude product 
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was purified by column chromatography (silica gel: EtOAc/hexane, 1/5, v/v). The products 
3aa and 4aa were obtained as an orange solid (16.2 mg, 25%) and a red solid (23.6 mg, 
36%), respectively. The NMR spectra of compounds 3aa and 4aa were identical to those 
reported in the literatures.21,22 

2-(2,4,6-Trimethoxyphenyl)naphthalene-1,4-dione (3aa): 1H NMR (400 MHz, CDCl3) δH 
8.15–8.08 (m, 2H), 7.77–7.69 (m, 2H), 6.95 (s, 1H), 6.20 (s, 2H), 3.86 (s, 3H), 3.73 (s, 6H). 
13C NMR (100 MHz, CDCl3) δC 185.5, 183.8, 162.4, 158.8, 144.9, 138.7, 133.4, 133.3, 
132.9, 132.3, 126.8, 125.9, 104.7, 90.9, 55.8(x2), 55.4.  
4-(2,4,6-Trimethoxyphenyl)naphthalene-1,2-dione (4aa): 1H NMR (400 MHz, CDCl3) δH 
8.13 (d, J = 7.2 Hz, 1H), 7.63–7.35 (m, 2H), 6.98 (d, J = 7.4 Hz, 1H), 6.35 (s, 1H), 6.23 (s, 
2H), 3.89 (s, 3H), 3.71 (s, 6H). 13C NMR (100 MHz, CDCl3) δC 180.8, 180.1, 162.3, 158.4, 
151.7, 136.1, 135.1, 131.5, 130.1, 130.0, 129.6, 128.5, 106.4, 90.7, 55.8(x2), 55.5.  
Synthesis of 2-(2,4-dimethoxyphenyl)naphthalene-1,4-dione (3ab) and 4-(2,4-
dimethoxyphenyl)naphthalene-1,2-dione (4ab): The compounds were synthesized 
according to the general procedure. 1-Naphthol (28.8 mg, 0.2 mmol) was used and 1,3-
dimethoxybenzene (27.6 μL, 0.2 mmol) was used as starting materials. The crude product 
was purified by column chromatography (silica gel: EtOAc/hexane, 1/5, v/v). The products 
3ab and 4ba were obtained as an orange solid (2.3 mg, 4%) and a red solid (11.2 mg, 19%), 
respectively. The NMR spectra of compounds 3ab and 4ab were identical to those reported 
in the literatures. 21, 22 
2-(2,4-Dimethoxyphenyl)naphthalene-1,4-dione (3ab): 1H NMR (400 MHz, CDCl3) δH 
8.21–8.05 (m, 2H), 7.81–7.69 (m, 2H), 7.20 (d, J = 8.3 Hz, 1H), 7.03 (s, 1H), 6.64–6.52 (m, 
2H), 3.86 (s, 3H), 3.78 (s, 3H). 13C NMR (100 MHz, CDCl3) δC 185.4, 184.0, 162.3, 158.6, 
147.4, 136.3, 133.8, 133.6, 133.5, 132.7, 132.2, 131.6, 126.9, 125.9, 115.9, 104.7, 99.1, 96.9, 
55.7, 55.5. 
4-(2,4-Dimethoxyphenyl)naphthalene-1,2-dione (4ab): 1H NMR (400 MHz, CDCl3) δH 
8.15 (dd, J = 7.2, 1.7 Hz, 1H), 7.57–7.41 (m, 2H), 7.18 (d, J = 8.3 Hz, 1H), 7.07 (dd, J = 7.5, 
1.4 Hz, 1H), 6.65–6.54 (m, 2H), 6.39 (s, 1H), 3.89 (s, 3H), 3.74 (s, 3H). 13C NMR (100 MHz, 
CDCl3) δC 180.8, 179.9, 162.3, 157.8, 155.3, 135.7, 135.0, 131.4, 130.4, 130.3, 129.8, 129.40, 
128.4, 118.3, 104.9, 99.0, 55.6, 55.5. 
Synthesis of 4'-methoxy-[1,1'-binaphthalene]-3,4-dione (4ad): Compound 4ad was 
synthesized according to the general procedure. 1-Naphthol (28.8 mg, 0.2 mmol) was used as 
the 1-naphthol derivative and 1-methoxynaphthalene (31.6 μL, 0.2 mmol) was used as 
starting materials. The crude product was purified by column chromatography (silica gel: 
EtOAc/hexane, 1/3, v/v). Compound 4ad was obtained as red solid (2.5 mg, 4%). The NMR 
spectra of compound 4ad were identical to that reported in the literature.21 
4'-Methoxy-[1,1'-binaphthalene]-3,4-dione (4ad): 1H NMR (400 MHz, CDCl3) δH 8.37 (d, 
J = 8.4 Hz, 1H), 8.22 (dd, J = 7.6, 1.5 Hz, 1H), 7.64 (d, J = 8.4 Hz, 1H), 7.57–7.36 (m, 5H), 
6.91 (t, J = 8.3 Hz, 2H), 6.54 (s, 1H), 4.09 (s, 3H). 13C NMR (101 MHz, CDCl3) δC 180.8, 
179.7, 156.9, 156.7, 136.2, 135.3, 131.9, 131.4, 130.7, 130.2, 130.0, 129.1, 127.4, 126.5, 
126.4, 125.9, 125.6, 125.4, 122.7, 103.2, 55.7. 
 
Results and Discussion:  

To investigate the one-pot reaction between 1-naphthol and arene, 1-naphthol (1a) 
and 1,3,5-trimethoxybenzene (2a) were selected as model substrates for reaction optimization 
(Table 1). The effect of oxidants was investigated. Persulfate oxidants were screened. 
Oxone®, Na2S2O8, K2S2O8, and (NH4)2S2O8 gave the arylnaphthoquinone products in 9%, 
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22%, 40%, and 0%, respectively (entries 1–4). Peroxide oxidants, H2O2 and m-CPBA, were 
also screened but they did not give any desired products (entries 5 and 6). NaIO4 and MnO2 
did not give any product either (entries 7 and 8). DDQ gave arylnaphthoquinone products in 
20% (entry 9). From these results, K2S2O8 was chosen for further optimization. 

Next, the solvent effect was investigated. Various solvents such as polar protic 
solvents (H2O and MeOH, entries 1-10 and 15-18), polar aprotic solvents (MeCN and DCM, 
entries 11−12), and non-polar solvents (toluene and hexane, entries 13−14) were screened. 
From the results, only H2O gave the products. Accordingly, the optimal solvent was H2O. 

The effect of the reaction temperature was screened. When the reaction temperature 
was lower to 5 C (entry 15), the desired products were not observed. When the reaction 
temperature was increased to 50 C (entry 16), the yield was improved to 58% with a 1:1.6 
ratio of 2-aryl-1,4-naphthoquinone (3aa) and 4-aryl-1,2-naphthoquinone (4aa). The yields of 
the products were decreased when the reaction was heated to 70 C and 100 C (entries 17 
and 18). Therefore, 50 C was selected as the optimal reaction temperature. 
 

Table 1 Reaction optimizationa 

 
Entry Oxidant Solvent Temperature 

(C) 
Yield (%)b 
(3aa:4aa) 

1 Oxone® H2O rt 9 (1:1.3) 
2 Na2S2O8 H2O rt 22 (1:3.4) 
3 K2S2O8 H2O rt 40 (1:2.3) 
4 (NH4)2S2O8 H2O rt 0 
5 H2O2 H2O rt 0 
6 m-CPBA H2O rt 0 
7 NaIO4 H2O rt 0 
8 MnO2 H2O rt 0 
9 DDQ H2O rt 20 (1:1.2) 
10 K2S2O8 MeOH rt 0 
11 K2S2O8 MeCN rt 0 
12 K2S2O8 DCM rt 0 
13 K2S2O8 Toluene rt 0 
14 K2S2O8 Hexane rt 0 
15 K2S2O8 H2O 5 0 
16 K2S2O8 H2O 50 58 (1:1.6) [21, 36]c 
17 K2S2O8 H2O 70 46 (1:1.3) 
18 K2S2O8 H2O 100 29 (1:1.4) 

aReaction conditions: 1-naphthol (1a) (14.4 mg, 0.1 mmol, 1 equiv), 1,3,5-trimethoxybenzene 
(2a) (16.8 mg, 0.1 mmol, 1 equiv), oxidant (0.3 mmol, 3 equiv), solvent (250 μL), 
temperature, 24 h.  
bNMR yields were determined by using dimethyl sulfone as an internal standard. 
cIsolated yields of 3aa and 4aa, respectively.  
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With the optimal reaction conditions in hand, the substrate scope was explored (Table 

2). When we performed the reaction between 1-naphthol (1a) and 1,3,5-trimethoxybenzene 
(2a) at a larger scale, the combined yield of the products slightly increased to 61% (25% of 
3aa and 26% of 4aa). The electronic effect of the arene was investigated. When a less 
electron-rich substrate, 1,3-dimethoxybenzene (2b), was used instead of 1,3,5-
trimethoxybenzene (entry 2), the combined yield dropped to 23% (4% of the para product 
3ab and 19% of the ortho product 4ab). Further decreasing the electron density of the arene 
by using anisole (2c) as a substrate led to no product formation (entry 3). These results 
suggested that an electrophilic aromatic substitution was likely one of the key mechanistic 
steps in the reaction, consistent with previous literature.21 When 1-methoxynaphthalene (2d) 
was used as a substrate (entry 4), the ortho product 4ad was obtain in 4%. This result 
suggested that the aromatic stabilization also played an important role in the reaction. A 
naphthalene ring in 2d, which has lower aromatic stabilization per ring, was more 
nucleophilic than a benzene ring in 2c. Interestingly, when 1,8-dihydroxynapthalene (1b) was 
used as a substrate instead of 1-naphthol (entry 5), no product formation was observed. The 
presence of an additional hydroxy group appeared to be detrimental to the reaction.   

 
Table 2 Substrate scopesa 

 

Entry 

1-Naphthol 
derivative 

(1) 
 

Arene 
(2) 

Products (yield,%)b 
2-Aryl-1,4-

naphthoquinones 
(3) 

4-Aryl-1,2-
naphthoquinones 

(4) 

1 
 

1a 
 

2a  
3aa 

(25%)  
4aa 

(36%) 

2 
 

1a 
 

2b  
3ab 
(4%)  

4ab 
(19%) 
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Entry 
1-Naphthol 
derivative 

(1) 
 

Arene 
(2) 

Products (yield,%)b 
2-Aryl-1,4-

naphthoquinones 
(3) 

4-Aryl-1,2-
naphthoquinones 

(4) 

3 
 

1a  
2c  

3ac 
(0%)  

4ac 
(0%) 

4 
 

1a 
 

2d  
3ad 
(0%)  

4ad 
(4%) 

5 
 

1b 
 

2a  
3ba 
(0%)  

4ba 
(0%) 

aReaction conditions: 1-naphthol (1) (0.2 mmol, 1 equiv), arene (2) (0.2 mmol, 1 equiv), 
K2S2O8 (162.2 mg, 0.6 mmol, 3 equiv), H2O (500 μL), 50 C, 24 h. 
bIsolated yields. 
 

Although the substrate scopes of the reaction were still limited, this work provided a 
proof of concept that a one-pot synthesis of 4-aryl-1,2-naphthoquinones and 2-aryl-1,4-
naphthoquinones directly from commercially available 1-naphthol derivatives was viable. 
Furthermore, compared to the previous work,21 this method was more environmentally 
friendly because it used water as the optimal solvent. 

 
Conclusion: 

A one-pot synthesis of 4-aryl-1,2-naphthoquinones and 2-aryl-1,4-naphthoquinones 
was successfully developed. The reaction conditions were simple to operate. Investigation of 
the electronic effect suggested that the reaction required highly electron-rich arenes as viable 
substrates. Further mechanistic investigation is ongoing and will be reported in due course. 
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Abstract:  
Chrysophyllum cainito or star apple is a tropical tree belonging to the Sapotaceae family, 
originally found in Central America and the West Indies. The fruits of the star apple closely 
resemble apples in both size and shape. The leaves are commonly utilized in traditional 
medicine to manage diabetes mellitus and to alleviate inflammation linked with laryngitis and 
pneumonia. Additionally, they are employed to address respiratory issues such as coughs and 
colds. Furthermore, the leaves are used to create remedies that have the potential to aid in 
controlling high blood pressure. Flavonoid antioxidants have been identified in the leaves. 
The ethanol extract from the leaves and its chromatographic fractions (CCE1-CCE7) were 
examined for their total phenolic content and subjected to assessments of their antioxidant, 
nitric oxide inhibition, and cytotoxicity properties through in vitro assays. The results 
revealed that the phenolic content of the ethanol extract is 0.89 mg GAE/mL of extract. At a 
concentration in the well of 125 µg/mL, the ethanol extract exhibited a DPPH radical 
scavenging activity with an inhibition percentage of 73.19, slightly lower than that of CCE4, 
CCE5, and CCE6 (77.84%, 79.80%, and 90.42%, respectively). At a concentration of 50 
µg/mL, fraction CCE6 also exhibited the highest nitric oxide scavenging with a percentage of 
inhibition of 78.47%. This fraction did not exhibit toxicity towards human keratinocyte cells.  
 
Introduction:  

Free radicals are exceptionally reactive entities characterized by the presence of an 
unpaired electron. They originate from routine metabolic processes within living organisms 
or exposure to polluted environments.1 These free radicals have the potential to engage with 
and inflict damage upon DNA, cellular membranes, and proteins, thereby contributing to the 
onset of various illnesses including cardiovascular disease, cancer, and the aging process.2 In 
the realm of disease prevention, antioxidants emerge as crucial players by mitigating the 
surplus of free radicals. It is worth noting that synthetic antioxidants like Butylated 
hydroxytoluene (BHT) and Butylated hydroxyanisole (BHA) have raised concerns about their 
adverse effects on human health.3 Consequently, there has been a growing quest for natural 
non-toxic antioxidants in recent years. Natural antioxidants, such as vitamin C, vitamin E, 
carotenoids, phenolics, and flavonoids, have demonstrated their ability to efficiently scavenge 
free radicals.4 Moreover, some of these natural antioxidants have been applied to preserve the 
quality and extend the shelf life of both food and cosmetic products. The antioxidant or anti-
free radical impact is attributed to phenolic constituents like flavonoids, phenolic acids, and 
phenolic diterpenes. The effectiveness of these phenolic compounds primarily arises from 
their ability to undergo redox reactions, thereby absorbing and counteracting free radicals.5 

585



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

Chrysophyllum cainito, commonly known as star apple, is a tropical tree belonging to 
the Sapotaceae family. It was indigenous to Central America and the West Indies. It has been 
used as a traditional remedy for laryngitis with inflammation, pneumonia, and diabetes 
mellitus.6 The biological activity of C. cainito has been extensively investigated. It exhibits a 
wide range of associated health benefits and properties, including antioxidants, antidiabetic, 
anti-inflammatory, anticancer, and antihypertensive properties.7 The fruit closely resembles 
apples, complete with a tender endocarp, and exhibits a distinctive star-shaped pattern within 
its pulp. It is important to note that while the skin is latex-rich, the rind is inedible. The leaves 
of C. cainito are characterized by their dark green coloration and shiny surface, alternate, the 
underside shines with a golden color when seen from a distance. They are typically elliptical 
or ovate in shape and exhibit a leathery texture.  

A thorough literature review of the leaves has gathered research findings emphasizing 
the presence of natural antioxidants, specifically flavonoids and tannins. In the literature 
review conducted by Luo in 2002, seven polyphenolic antioxidants were identified, namely 
gallic acid, galloyl myricitrin, rutin, quercetin, myrecetrin, myricetin, quercetin and two 
triterpenoids β-amyrin and lupeol,8 ursolic acid, β-sitosterol, lupeol, and gallic acid9 were 
reported in leaves. Additionally, C. cainito leaves contain triterpene antioxidants, include β-
amyrin acetate and gentistic acid.10 

These investigations have primarily emphasized the ability of leaves extract and its 
fractions to scavenge DPPH and nitric oxide radicals. However, there is a lack of information 
regarding its potential cytotoxic effects and inhibition of nitric oxide radical, areas that have 
been largely unexplored. The present study is aimed to evaluate the total phenolic content and 
anti-free radical activities of extract and its fractions. Moreover, cytotoxicity was estimated 
on human keratinocyte cells by using the MTT assay to estimate the safety for industry usage.  
 
Methodology:  
Materials 
 Quick column chromatography (QCC) was performed on silica gel 60H (230-400 
Mesh ASTM, Merck). Solvents for extraction and chromatography were distilled at their 
boiling ranges prior to use. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and sulfanilamide were 
obtained from Fluka Chemie GmbH. Dimethyl sulfoxide, ascorbic acid, Folin-Ciocalteu's 
phenol reagent and N-(1-naphthyl)ethylene diamine dihydrochloride (NEDA) were acquired 
from Merck. Gallic acid, sodium nitrite, and lipopolysaccharide (LPS) were supplied by 
Sigma-Aldrich. Fetal bovine serum (FBS), whereas Dulbecco’s Modified Eagle’s Medium 
(DMEM), penicillin-streptomycin antibiotic solution, and 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) were purchased from Gibco. Absorbances were 
determined on a microplate reader UVM 340 (Biochrom, USA). 
Plant material 
 The leaves of C. cainito were collected in Nakorn Si Thammarat province, the 
southern part of Thailand, in November 2022. The plant was identified by Dr. Paveena 
Kaewubon, a plant taxonomist from Department of Biology, Thaksin University.  
Preparation of crude extract and fractions 

The leaves of C. cainito were cleaned, cut into small pieces, and air-dried until a 
constant weight was achieved. The dried samples were pulverized using a laboratory blender. 
One kilogram of powdered sample was macerated in dichloromethane for 30 min followed by 
ultrasound-assisted extraction for 30 min at room temperature and filtered. The residue was 
further macerated with 95% ethanol for 5 days followed by ultrasound-assisted extraction for 
30 min at room temperature and filtered. The filtered extract was concentrated using a rotary 
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evaporator under vacuum at 40 C to yield the dichloromethane extract and ethanol extract, 
respectively. The ethanol extract (CCE, 25.0 g) was subjected to quick column 
chromatography and eluted with a stepwise gradient of 15% ethanol in dichloromethane and 
finally 40% ethanol in dichloromethane. Based on their TLC characteristics, fractions 
containing identical major compounds were combined, resulting in a total of seven fractions 
(CCE1-CCE7). The extract and fractions were subjected to freeze-drying to ensure that no 
water remained. The resulting extracts were then stored in an amber bottle at 4 C until 
further analysis. 
Determination of total phenolic content 
 The total phenolic content (TPC) was analyzed using the Folin-Ciocalteu assay as 
described by Vichit and Saewan (2015)11 with some modifications. Briefly, the extracts and 
fractions (5 mg/mL, 12.5 µL) were mixed with 50 µL of deionized water, 25 µL of Folin-
Ciocalteu reagent and 125 µL of 7% w/v sodium carbonate. Samples were incubated for 60 
min at room temperature. The absorbance was measured at 750 nm using a microplate reader. 
The TPC of samples was determined using a gallic acid standard solution and expressed as 
gallic acid equivalents (mg GAE/mL extract).  
DPPH radical scavenging assay 
 The antioxidant activity of the extract and its fractions was assessed using the DPPH 
radical scavenging assay, following the method described by Vichit and Saewan (2015).11 
The crude extract (5 mg) was dissolved in 1 mL of dimethyl sulfoxide and thoroughly mixed 
using a vortex mixer. 5 µL of the extract solution and 195 µL of 0.1 mM DPPH solution were 
incubated for 30 min in dark conditions at room temperature. Ascorbic acid was used as a 
positive standard. Absorbance at 515 nm was measured using a microplate reader, and each 
sample was tested in triplicate. The scavenging activity of the samples is the ability to reduce 
the color intensity of DPPH. Inhibition (%) was calculated using the following equation. 

% inhibition = [(Acontrol – Asample) / Acontrol] x 100 

Acontrol is the absorbance of the control (without extract), and Asample is the absorbance in 
the presence of the test sample. 
Fibroblast cell culture 

Human fibroblast cells were cultured in Dulbecco’s Modified Eagle Medium 
(DMEM), which was complemented with 10 % fetal bovine serum (FBS) and 1% 
Penicillin/Streptomycin. Cells were plated in a 96-well plate at a density of 2,000 cells/well 
and incubated at 37 °C in a 5% CO2 humidified incubator for 24 h prior to activity 
assessment.  
Nitric oxide inhibitory assay 

The nitric oxide inhibition assay was conducted following the method reported by 
Vichit and Saewan (2016)12 with some modifications. The extract solution (5 mg/mL) was 
diluted in DMEM without FBS at the concentration of 2 mg/mL, filtered, and sterilized 
through a 0.22 µm filter for experimental usage. The cell was supplemented with 100 µL of 
the sample before being stimulated with 1 µg/mL lipopolysaccharide (LPS) and incubated for 
24 h. Nitric oxide production was assessed using Griess reagent system (Promega, USA). In 
brief, 50 µL of the culture medium was mixed with 50 µL of sulfanilamide solution and 50 
µL of 0.1% N-1-napthylethylenediaminedi hydrochloride solution. Then, the mixture was 
incubated for 5 min at room temperature, and absorbance was measured at 540 nm using a 
microplate reader. Chlorogenic acid was used as a positive control. The percentage of nitric 
oxide inhibition was calculated as follows:  
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% inhibition = [(Acontrol – Asample)/ Acontrol] x 100 

Acontrol is the absorbance of the control without extract, and Asample is the absorbance in 
the presence of the test sample. 
Cytotoxicity assay  

The cytotoxicity assessment was performed by MTT assay, following the method 
reported by Vichit and Saewan (2015)11 with a slight modification. The cytotoxicity of the 
extracts was investigated on human primary epidermal keratinocyte cells. Cells were treated 
with diluted extracts (0, 10, 25, 50, 100, 250, 500, 1000 and 2000 µg/mL) for 24 h. 
Afterward, the culture medium was removed. The 50 µL of 0.1 mg/mL of MTT solution was 
added to each well and incubated for 4 h. DMSO (100 µL) was added to all wells and 
incubated for 30 min at room temperature. The absorbance of each sample was measured at 
570 nm using the microplate reader. The percentage of cell viability was calculated using the 
formula, 

% Viable cell = (Atreated group /Auntreated group) x 100 

The cytotoxic activity was calculated and expressed as the 50 % cytotoxic concentration 
(CC50) of the extract. 

 
Results and Discussion:  

A kilogram of star apple leaf powder underwent extraction using dichloromethane and 
ethanol, respectively. The results indicated that the resulting crude dichloromethane (CCD) 
extract weighed 15.90 grams, comprising 1.59% of the total weight. Likewise, the crude 
ethanol extract (CCE) weighed 46.69 grams, accounting for 4.67%, as presented in Table 1. 

 
Table 1. Weight and extraction percentage of crude dichloromethane and crude ethanol 

Crude Weight (g) % Extraction 
CCD 15.90 1.59 
CCE 46.69 4.67 

 
The crude ethanol extract (20 g) was subjected to quick column chromatography 

employing silica gel C60 as the stationary phase and developing with a solvent mixture of 
dichloromethane and ethanol (15%-40% EtOH:CH2Cl2), resulting in seven fractions (CCE1-
CCE7).  
Total phenolic content  

Phenolic compounds are known for their antioxidative properties. The ability of 
extract or fractions to resist oxidation depends on the amount of phenolic compound content. 
Hence, analyzing the total phenolic content of the crude and fractionated extract served as an 
initial assessment for antioxidant potential of the extract. The results were compared with a 
gallic acid standard, expressed in milligrams equivalent of gallic acid per one milliliter of 
extract (mg GAE/ml extract). The results are shown in Table 2. 

The results of total phenolic content in crude extracts of star apple leaves revealed that 
the crude dichloromethane extract contained a total phenolic content of 0.21  0.01 mg 
GAE/ml extract, whereas the ethanol extract showed a phenolic content of 0.89  0.01 mg 
GAE/ml extract (= 178.01  2.0 mg GAE/g extract). The result indicated a similarity in the 
phenolic content compared to the previous report by Ningsih et al. in 2016 (190.13  2.0 mg 
GAE/g extract),13 even though different extraction methods were used. Furthermore, 
differences in the ages of the sample and cultivation areas lead to variations in the quantities 
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of phenolic compounds. However, it can still be concluded that star apple leaves cultivated in 
Thailand contain relatively high amounts of phenolic compounds. 

 
Table 2. The total phenolic content and DPPH radical scavenging activity of extract and its 
fractions. 

Sample mg GAE/ml extract % DPPH radical scavenging 
CCD 0.21  0.01 34.79  1.25 
CCE 0.89  0.01 73.19  1.61 
CCE1 0.09  0.01 14.89  1.81 
CCE2 0.10  0.00 25.46  1.45 
CCE3 0.25  0.01 45.09  2.12 
CCE4 0.53  0.01 77.84  1.16 
CCE5 0.58  0.00 79.80  2.54 
CCE6 0.99  0.02 90.42  0.87 
CCE7 0.35  0.01 54.71  2.24 

Ascorbic acid - 97.32  2.66 
 
The phenolic content in the fractions from ethanol extract increases with the polarity 

of the mobile phase in the range of 0.09-0.99 mg GAE/ml extract. CCE6 was eluted with 
40% ethanol in dichloromethane and exhibited the highest total phenolic content at 0.99 ± 
0.02 mg GAE/ml extract. The total phenolic content of fraction CCE6 was very close to that 
of the crude extract. Fractions with slightly lower phenolic content were CCE5 and CCE4, 
respectively.  
TLC chromatogram of active fractions 

Fractions CCE4, CCE5, and CCE6 showed higher phenolic content. The TLC 
chromatogram of these fractions is illustrated in Figure 1. 

 

 
Figure 1. TLC chromatogram of high phenolic fractions from C.cainito leaves 

 
DPPH radical scavenging activity  

The DPPH radical scavenging method was used to evaluate the ability of the star 
apple leaves extracts and fractions from the ethanol extract in scavenging DPPH free radical, 
with ascorbic acid serving as the positive control. Compounds that have the ability to donate 
hydrogen radical species cause the conversion of DPPH radical to non-radical form, DPPH-
H. This transformation is quantifiable through a reaction that can be measured at 515 nm.  

At a concentration in the well of 125 µg/mL, the tested samples showed less activity 
than ascorbic acid. The dichloromethane and ethanol extracts displayed DPPH radical 
scavenging activity with the percentage of inhibition at 34.79  1.25 and 73.19  1.61, 
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respectively. The result was inconsistent with those reported by Kubola et al. (2011)14 due to 
different testing methods and samples (planting area and plant age).  

The polar fractions (CCE4-CCE6) showed free radical inhibition with percentages of 
77.84  1.16, 79.80  2.54, and 90.42  0.87, respectively. While the most polar CCE7 
exhibited less activity with percentages of 54.71  2.24, as shown in Table 2. The DPPH 
radical scavenging activity results correspond to the phenolic content. Therefore, the active 
fractions CCE4, CCE5, and CCF6 were selected for further studies based on their DPPH 
radical scavenging activities.  
Nitric oxide inhibitory activity 

Nitric oxide is a free radical generated within biological tissues through specific nitric 
oxide synthases found in different types of inflammatory disorders.15 One approach to 
quantify nitric oxide entails utilizing the Griess diazotization reaction for spectrophotometric 
detection of nitrite, formed through the spontaneous oxidation of nitric oxide under 
physiological conditions. The process of diazotization occurs when nitrite reacts with 
sulphanilamide. This diazotized product subsequently combines with N-(1-naphthyl)ethylene 
diamine to form a pink diazo product, which is reduced by antioxidants. Antioxidants have 
the capability to impede the accumulation of nitrite ions. The intensity of the coloration 
serves as an indicator of the scavenging activity of antioxidants, particularly in terms of their 
hydrogen-donating ability.  

 
Table 3. The nitric oxide inhibition of ethanol extract and high polar fractions. 

Sample % Nitric oxide inhibition 
CCE 56.77  1.49 
CCE4 43.65  1.42 
CCE5 74.87  2.66 
CCE6 78.47  1.17 

Chlorogenic acid 91.29  1.41 
 
The most effective inhibition of nitric oxide synthesis was observed in the more polar 

fraction. At the stock concentration of 50 µg/mL, fractions CCE5 and CCE6 exhibited nitric 
oxide inhibition with percentages of 74.87 ± 2.66 and 78.47 ± 1.17, respectively, which were 
lower than that of chlorogenic acid. While CCE4 exhibited less nitric oxide inhibitory activity 
than the ethanolic extract, as shown in Table 3. This is the first report of the nitric oxide 
inhibitory activity of the ethanol extract from star apple leaves.  

The literature survey of C. cainito leaf extract revealed the existence of phenolic 
compounds like flavonoids, which possess either two ortho- or para-dihydroxy groups.16 
Phenolic compounds are known for their antioxidative properties in biological systems, 
functioning as scavengers of free radicals. The nitric oxide scavenging activity of phenolic 
compounds has been reported previously.17 Based on the obtained results, phenolic 
compounds in polar fractions exhibited effective hydrogen transfer activity against nitric 
oxide radicals. These results support the antioxidant and anti-inflammatory activities of 
extracts of this plant species.  
Cytotoxicity 

The cytotoxic activity of ethanol extract and high polar fractions was investigated 
against human primary epidermal keratinocyte cells, using MTT assay. The advantages of 
this assay are its simplicity, rapidity, and precision.  
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The results indicated that all tested samples were not toxic to human keratinocyte 
cells, with DMSO serving as the negative control. The 50% cytotoxicity concentration (CC50) 
values of crude extract and selected fractions range from 1207 ± 3.0 to 1288 ± 19.0 µg/mL, as 
shown in Table 4. The high CC50 values of all samples indicated that the ethanol extract of C. 
cainito leaves is a promising candidate for applications in food or cosmetic products.  
 
Table 4. The cytotoxicity of ethanol extract and high polar fractions. 

Sample CC50 (µg/mL) 
CCE 1213  7.0 
CCE4   1288  19.0 
CCE5   1276  14.0 
CCE6 1207  3.0 

 
Conclusion:  

The results revealed that the ethanol extract and its polar chromatographic fractions 
derived from star apple leaves showed high phenolic content and displayed notable radical 
scavenging activities. Specifically, the highly polar fraction CCE6 exhibited substantial 
DPPH radical scavenging activity with a percentage of inhibition at 90.42 ± 0.87%. 
Additionally, it demonstrated good inhibition of the nitric oxide radical, with a percentage of 
inhibition at 78.47 ± 1.17%, in comparison to the positive control chlorogenic acid (91.29 ± 
1.41%). Importantly, CCE6 was found to be non-toxic to human keratinocyte cells. Thus, 
CCE6 is an interesting fraction for further investigation into its chemical composition.  
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Abstract:  

The green synthesis of silver nanoparticles has received great attention in the field of 
nanotechnology because of its high efficiency and minimal environmental impact. In the 
present study, the fruit peel extracts from five natural sources, namely Garcinia mangostana 
(mangosteen), Nephelium lappaceum (rambutan), Punica granatum (pomegranate), Citrus 
reticulata (mandarin orange), and Citrus aurantifolia (lime), were screened for their ability to 
inhibit Staphylococcus epidermidis. The results indicated that rambutan peel (RP) extract 
exhibited the most potent inhibitory effect with an inhibition zone of 30.33±0.58 mm at a 
concentration of 50 mg/mL, followed by pomegranate peel (PP) at 24.67±0.58 mm. 
Mangosteen peel (MP) extract displayed a relatively modest inhibitory effect with an inhibition 
zone of 8.33±0.58 mm. The RP exhibited a minimum inhibitory concentration (MIC) equal to 
0.78 mg/mL, and a minimum bactericidal concentration (MBC) equal to 12.5 mg/mL. While 
PP showed MIC of 12.5 mg/mL, and MBC more than 25 mg/mL. Subsequently, extracts from 
rambutan and pomegranate peel were employed as the reducing and stabilizing agents for the 
synthesis of silver nanoparticles (AgNPs), and the antimicrobial properties of these AgNPs 
against S. epidermidis were evaluated. UV-visible spectroscopy revealed characteristic peaks 
at 420 nm, along with the typical appearance of a dark brown color associated with AgNPs 
formation. The presence of hydroxyl (OH) and carbonyl (C=O) functional groups from plant 
secondary metabolites in AgNPs was confirmed by FTIR spectroscopy. The AgNPs produced 
from RP demonstrated significantly greater inhibitory efficacy against S. epidermidis, 
surpassing the inhibitory activity of PP extract by 15-fold in broth microdilution methods. As 
a result, this study highlights the simple synthesis of eco-friendly drug agents in the treatment 
of bacterial infectious diseases. 
 
Introduction: 

Gram-positive pathogen, Staphylococcus epidermidis, a bacterium inhabiting the skin, 
respiratory system, and human digestive tract, contributes to nosocomial infections. This 
species produces biofilm, a factor enhancing resistance to antibiotic therapy and host defense 
mechanisms.1 Due to bacteria generating biofilm, there is a limited availability of effective 
antibacterial drugs. Therefore, the identification of new substances is an urgent need for 
neutralizing bacterial cells. Plant substances, such as monoterpenes, phenolic compounds, and 
flavonoids, have demonstrated activity in this regard.  

Moreover, metallic nanoparticles derived from metals like Ag, Au, Ce, Pd, Pt, and Zn 
demonstrate antibacterial and antibiofilm formation activities. Nanoparticles have obtained 
great interest due to their multiple applications in diverse fields such as biomedicine, 
agriculture, pharmaceutics, the textile industry, and food packaging. Among the metal 
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compounds exhibiting antimicrobial properties, silver compounds are the most prevalent. 
Silver nanoparticles (AgNPs) have been applied in various fields, including antifungal 
treatments, antioxidant formulations, anti-cancer therapies, anti-inflammatory agents, drug 
delivery systems, wound dressings, biosensors, and biocatalysts. They exhibited antibacterial 
and antibiofilm formation activity that depended on their size, shape, and concentration.2 

 Conventionally, various methods have been reported to the obtaining of AgNPs 
including chemical, physical, and biological or green methods. The disadvantages of physical 
and chemical methods are often costly, generating toxic by-products, use of expensive 
equipment, and low production efficiency. Recent studies have increasingly focused on the 
potential of AgNPs production through biological reducing agents, such as plant extracts and 
microbial filtrates. The presence of compounds such as terpenoids, flavonoids, or amino acids 
in extracts from different plant parts enables their use as agents for reducing silver ions. In 
addition to their efficacy, natural products are mostly non-toxic, and therefore, they can be used 
as safe therapeutic strategies.3 

Noteworthy, fruit peels, commonly utilized in various applications such as cosmetic 
products, and for treating certain diseases, exhibit properties that accelerate wound healing, 
reduce inflammation, and combat bacteria. Our previous study demonstrated that fruit peels 
have a high level of antioxidant compounds capable of scavenging free radicals.4 Furthermore, 
agricultural waste, including leaf, flower, and peel extract has also been used as a source of 
green synthesis of metallic nanoparticles.5 Biologically synthesized nanoparticles are also less 
toxic and more environmentally friendly. Nanoparticles produced through green synthesis have 
demonstrated efficacy against different microbes, bacteria, and fungi, playing a role in the 
treatment of cancer and other ailments.  

This study aimed to investigate the antimicrobial activity of a biowaste product 
comprising the peels of mangosteen, rambutan, pomegranate, orange, and lime. Additionally, 
it seeks to utilize a fruit peel extract to synthesize silver nanoparticles and assess their 
antibacterial activity against S. epidermidis. Furthermore, the present research may contribute 
to demonstrating that AgNPs synthesized from fruit peel is an eco-friendly and sustainable 
route for the development of new therapeutic drugs. 

 
Methodology: 
Materials 

Fresh mangosteen, rambutan, pomegranate, orange, and lime were purchased from a 
local market in Pa phayom, Phatthalung province, Thailand. Silver nitrate and ethanol were 
purchased from Merck Chemicals. S. epidermidis (TISTR 518) strain was supplied by Dr. 
Benjamas Nupan, Department of Biology, Faculty of Science and Technology, Suratthani 
Rajabhat University. 

   
Preparation of fruit peel extract 

The peels of mangosteen (MP), rambutan (RP), pomegranate (PP), orange (OP), and 
lime (LP) were washed with tap water to remove the dust and debris and then cut into small 
pieces. These peels were dried at 40 ℃ for 24 h. The twenty grams of each sample were then 
macerated in 200 mL of 95% ethanol for 5 days, and this extraction process was repeated twice. 
All extract obtained were then filtered using Whatman No. 1 filter paper. To obtain the crude 
fruit peel extract, the solvent was evaporated using a rotary evaporator. The extraction 
percentage was calculated by using the following formula: 
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% Yield = (mass of the extract/mass of the dry plant sample) × 100  

 

Finally, the extract should be stored at a temperature of 4 ºC and tested for antimicrobial 
activity.  
 
Antibacterial activity of fruit peel extract or AgNPs against S. epidermidis  

Agar well diffusion assay 
The fruit peel extract (MP, RP, PP, OP, LP) were tested for their antibacterial activity 

against S. epidermidis using the agar well diffusion method. S. epidermidis (TISTR 518) were 
cultured at 37 ºC with nutrient broth (NB) until their growth stage reached a log-phase with 
optical density at 600 nm between 0.40-0.60. The bacterial suspensions were adjusted to 0.5 
McFarland Standard (1x107 CFU/mL) with sterile NB after that swabbed to 20 mL NA plate. 
A hole with a 6 mm diameter was punched, and 50 µL of the fruit peel extract solution (50 
mg/mL in 10% DMSO) was introduced into the well. Gallic acid at 50 mg/mL concentration 
and 10% DMSO were used as positive and negative controls, respectively. Gallic acid, 
recognized as a natural polyphenolic compound found in plants, exhibits robust antibacterial 
properties that hinder the formation of bacterial biofilms through diverse mechanisms.6 The 
samples let to diffuse for some time. The plates were then incubated at 37 ºC for 18-24 h. The 
diameter of the inhibition zone (mm) for each substance was observed and measured. The 
experiment was repeated thrice. AgNPs were also tested for the same method.  

Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration 
(MBC) evaluation 

The resazurin-based turbidometric (TB) assay was adopted to demonstrate the 
minimum inhibitory concentration (MIC) of fruit peel extract and AgNPs against S. 
epidermidis according to the guidelines recommended by the CLSI (2012).7 The MIC is 
defined as the lowest concentration able to inhibit any visible bacterial growth. Briefly, 50 µL 
of crude extracts or AgNPs (a two-fold serial dilution) was incubated in 96-well plates. The 50 
µL of bacterial suspension (1.5 x 106 cell/mL) was added into all wells. After an overnight 
incubation at 37 °C, 5 µL resazurin (6.75 mg/mL) was added to all wells and incubated at    37 
°C for another 4 h. Changes of color was observed and recorded. Resazurin has a midnight blue 
color, after entering the cell, in response to the metabolic activity of living cells, resazurin is 
reduced to resorufin, which has a pink color. The lowest concentration prior to color change 
was considered as MIC. The tests were performed in triplicate. 

In order to elucidate the minimum bactericidal concentration (MBC) of fruit peel 
extracts or AgNPs, a loopful of aliquots from the MIC wells was transferred onto NA and 
incubated overnight. The lowest concentration with no visible growths on the plate was taken 
as MBC value. 
Green synthesis of silver nanoparticles (AgNPs) 

The aqueous AgNO3 solution with a concentration of 10 mM was prepared in an 
Erlenmeyer flask. Then, 10 mL of 0.5 mg/mL fruit peel extract (RE and PP) was added to 200 
mL of prepared silver nitrate to reduce the Ag+ ions. The mixture was stirred at room 
temperature and the color change was observed from colorless to yellowish and then to reddish 
brown.  The synthesized AgNPs were then characterized using UV-vis spectroscopy, and FT-
IR spectrophotometry.  
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AgNPs characterization techniques 
UV-vis spectroscopy 
UV-vis spectra were collected by using the instrument Shimadzu (UV-1800, Japan) at 

room temperature. The sample were recorded from 200 to 800 nm.  
FT-IR analysis 
To determine the bioactive substances, FT-IR measurements were conducted. This 

analysis utilized KBr pellets in diffuse reflectance mode with a resolution of 4 cm-1. 
 
Results and Discussion: 

The utilization of chemicals in nanoparticle synthesis is environmentally unfriendly. 
An eco-conscious alternative known as green chemistry, involving the use of plant-mediated 
nanoparticle synthesis, has now become an intriguing approach. In this study, the effectiveness 
of fruit peel extract including the peel of mangosteen (MP), rambutan (RP), pomegranate (PP), 
orange (OP), and lime (LP) in antibacterial activity was observed and tested for AgNPs 
production.   

 
Table 1. 

Extraction yields and antimicrobial zone of inhibition (mm) obtained by agar well 
diffusion method of fruit peel ethanolic crude extract. 

NI=No zone of inhibition 
 
Percent yield of fruit peel extracts 

The fruit peel was extracted using ethanol as the solvent, resulting in varying amounts 
of extracts. The highest yield of extract was achieved from pomegranate peel (PP), reaching a 
percentage yield of 42.33% (Table 1). This indicates that the majority of substances in 
pomegranate peel are highly polar and, therefore, are effectively extracted using solvents with 
high polarity. Rambutan peel (RP) followed with the next highest yield, registering a 
percentage yield of 36.91%. The percentage yield of OP, MP, and LP were 29.58%, 23.95%, 
and 16.07%, respectively.  
Antibacterial activity of fruit peel extract 

Molecules that hinder the growth of bacteria while minimizing damage to surrounding 
tissues are referred to as antibacterial compounds. The antibacterial activity of fruit peel extract 
including pomegranate, rambutan, orange, mangosteen, and lime was determined. Among the 
five extracts that were investigated for antibacterial activity against S. epidermidis, the findings 
indicated that RP extract had the highest antibacterial activity, with an inhibition zone 
measuring 30.33±0.58 mm, whereas PP and MP extract displayed inhibition zones of 
24.67±0.58, and 8.33±0.58 mm, respectively (Table 1 and Figure 1). On the other hand, LP 
and OP crude extracts did not demonstrate any zone of inhibition. The MIC and MBC of RP 

Samples Scientific name Sample 
code 

Percentage 
yield (w/w) 

Inhibition zone 
(mm) 

pomegranate Punica granatum PP 42.33 24.67±0.58 
rambutan Nephelium lappaceum RP 36.91 30.33±0.58 

orange Citrus reticulata OP 29.58 NI 
mangosteen Garcinia mangostana MP 23.95 8.33±0.58 

lime Citrus aurantifolia LP 16.07 NI 
Gallic acid - GA - 11.8 ± 1.18 
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and PP were determined by the resazurin-based TB assay (Figure 1). It was found that the MIC 
values of RP and PP extract were equal to 0.78 mg/mL, and 12.5 mg/mL, respectively. The 
MBC values were 12.5 mg/mL, and more than 25 mg/mL, respectively. The results indicated 
that types of fruit peel significantly impacted anti-S. epidermidis activities. The GC-MS 
analysis quantitatively identified 28 organic compounds from rambutan peel extract including 
inositol, and catechol with known antimicrobial activities.7 RP and PP extracts have been 
further used for the efficient synthesis of AgNPs. 

 
 

Figure 1. 
A visible clear zone of the fruit peel: rambutan (A), pomegranate (B), mangosteen (C), 

orange (D), and lime (E) extract against S. epidermidis. Determination of the MIC (F) for RP 
and PP against S. epidermidis. 
 
Preparation of silver nanoparticles 

The formation of AgNPs is shown in Figure 2A and B. In the synthesis of AgNPs using 
RP and PP extract, the color of the solution changed to dark brown due to the reduction of Ag+ 
in the solution. The chemical equation was:  

       

2AgNO3(aq) + Plant extract (aq)   2Ag (s) + O2(g) + 2NO2 (g) + Plant extract (aq) 
 

The reaction of synthesized AgNPs from RP started with thirty minutes of incubation 
with silver nitrate (AgNO3). It is well known that AgNPs exhibited a yellowish-brown color in 
aqueous solution.8 The reduction of Ag+ ion occurred due to the phytochemicals present in the 
fruit peel extract such as polyphenol, flavonoids, tannin.  
Characterization of AgNPs 

To characterize the green-produced nanoparticles, Ultraviolet-visible Spectroscopy 
(UV-VIS), and Fourier Transform Infrared Spectroscopy (FT-IR) were employed. 

UV-visible Spectrophotometry 
Figure 3 shows the UV-visible spectra of RP extract, PP extract, and the synthesized 

AgNPs at different time points. The reduction procedure was easy and simply manageable, 
with UV-vis spectroscopy indicating the surface plasmon resonance (SPR) presence at 420 nm. 
The region of 350-550 nm is typical for the maximum absorption band of AgNPs.9 
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Furthermore, the highest production occurs at 1 hour after the reduction process begins for 
synthesized AgNPs from RP extract. The synthesis of AgNPs from PP decreases along with an 
increase in the time point caused by unstable AgNPs. Within the initial 30 minutes, AgNPs are 
rapidly generated from PP, leading to their condensation into larger particles and subsequent 
aggregation as the reaction time progresses. Various factors, such as the acidity or basicity of 
the reaction mixture, temperature, the reducing power of the plant extract, and the presence of 
secondary metabolites in the extract, influence the reaction time. Interestingly, even plants with 
fewer secondary metabolites demonstrate a rapid nanoparticle production.10 Consequently, the 
RP extract not only facilitates the reduction process but also serves as a capping and stabilizing 
agent, effectively preventing the aggregation of nanoparticles. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. 
Visual representation of synthesis of AgNPs with rambutan peel (A), pomegranate peel 

(B). 
 

Figure 3. 
UV-vis spectra recorded from the reaction mixture that show the production of AgNPs 

from: rambutan peel (A), pomegranate peel (B). 
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FTIR spectra 
FTIR was utilized to identify active chemical groups in the fruit peel before and after 

reduction. FTIR spectra of RP and PP extract and their corresponding synthesized silver 
nanoparticle are depicted in Figure 4. RP and PP-derived AgNPs showed shifting in peaks 
along with the appearance and disappearance of absorption bands in the FTIR spectrum. The 
peaks show different stretches of bonds in biomolecules of the plant extract. The major shifts 
in band intensities were observed at 3600-3200 cm-1. Exposure to IR leads to stretching of the 
O-H bond which is detected as a strong absorption band between 3000 and 3500 cm-1. As 
mentioned earlier, the RP and PP used for the study have polyhydroxy groups, hence they show 
absorption bands between 3000 and 3500 cm-1 in the FTIR spectrum. By comparing the FTIR 
spectrum of the extract to its derived AgNPs, the presence of a weaker absorption band in the 
range of 3000-3500 cm-1 in the synthesized nanoparticles indicated the decrease in the 
concentration of O-H groups in the sample after the complete reaction. The decrease in O-H 
concentration can be attributed to its reaction with Ag+ ions added to the solution for 
nanoparticle synthesis.11 When Ag+ ions come in contact with O-H groups, the white colloidal 
particles of AgOH are formed and turn to brown-colored Ag nanoparticles due to the surface 
plasmon resonance effect.12 The signals at 3222, 3336, 3240, and 3320 cm-1 assigned to O-H 
stretching in polyphenol, sugar, and flavonoids, and C-H stretching around 2900 cm-1 arise 
from plant metabolites in RP and PP extract. For signals at 1609, and 1637 cm-1 corresponds 
to C=O in flavonoids. FTIR spectra of AgNPs exhibited the bands 1269, and 1266 cm-

1 developed for the aromatic ring in AgNPs synthesized from RP and PP, respectively. AgNPs 
also showed the absorption bands of O-H and C=O in the particles. The results from FT-IR 
analyses confirm that the RP and PP extract have been successfully used for synthesizing 
AgNPs. 

 

 
Figure 4. 

FTIR spectra of rambutan peel (A) and pomegranate peel (B) and silver nanoparticles 
synthesized by the reduction of silver nitrate with the rambutan peel (C) and pomegranate peel 
(D) extract.  
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Antibacterial activity of AgNPs 
The successful production of AgNPs was achieved through biological reduction. The 

bacterial effect of the formed AgNPs has been confirmed against the S. epidermidis strain.  The 
present study revealed that S. epidermidis was sensitive to the synthesized AgNPs as shown in 
Figure 5 and Table 2. The AgNPs synthesized using RP extract showed maximal inhibition 
with an inhibition zone of 20.67±1.15 mm. Meanwhile, AgNPs synthesized using PP extract 
showed an inhibition zone of 17.67±0.58 mm (Figure 5A-5B). The gallic acid (PC) and AgNO3 
showed a slightly less inhibitory effect than AgNPs from RP (Table 2). Li et al. observed 
comparable findings, illustrating the efficacy of AgNO3 against bacteria. Specifically, Ag+ 
penetrates the bacterial cell, leading to the degradation of essential proteins crucial for 
membrane gradients. Additionally, it intercalates between purine and pyrimidine base pairs, 
inducing DNA denaturation and subsequent bacterial inactivation.13 The results pertaining to 
the inhibition zone of AgNPs synthesized from RP at a concentration of 2.4 µg/mL were 
superior to those obtained with the RP extract.  

Furthermore, MIC value of synthesized AgNPs from RP extracts was 15-fold lower 
than that of AgNPs from PP extract, implying its higher antibacterial activity than AgNPs from 
PP (Figure 5C). AgNPs synthesized from RP have higher antibacterial properties in 
comparison with silver ions and gallic acid due to their high surface area to volume ratio, and 
can easily penetrate bacterial cells.  
 

 
Figure 5. 

Anti-S. epidermidis activity of synthesized AgNPs from rambutan peel (A) and 
pomegranate peel (B) using agar well diffusion method, (C) broth microdilution method.  

 
The inhibitory activity of AgNPs against Gram-positive and Gram-negative bacteria is 

a controversial issue. Evidence reported that the inhibitory activity of AgNPs is more effective 
against Gram-negative bacteria.14 This study revealed that AgNPs are effective against Gram-
positive bacteria. The hydroxyl group was the important redox-active functional group in RP 
that contributed to Ag+ reduction. In addition, phenolics are well known to be important 
secondary metabolites in RP. Phenolics also have at least one aromatic ring with one or more 
hydroxyl groups. Pomegranate fruit contains tannins, phenolics, and flavonoids with 
antimicrobial activity.15 The inhibitory activity of synthesized AgNPs from RP has higher anti-
S. epidermidis potential inhibition than AgNPs from PP due to more hydroxyl group of RP, 
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resulting in more Ag+ ions reduction to metallic Ag0. AgNPs can readily infiltrate bacterial cell 
walls, disrupt cell membranes, generate reactive oxygen species, impede DNA replication, and 
interfere with protein synthesis, ultimately leading to cell death.16 Hence, this result provides 
the green and rapid synthesis of AgNPs using rambutan and pomegranate peel resources. 
Additionally, it provides the antibacterial efficacy of these AgNPs, suggesting their potential 
applications in medical and various other fields. 

 
Table 2. 

Anti-S. epidermidis activity of synthesized AgNPs from RP and PP obtained by agar 
well diffusion method. 
 

NI=No zone of inhibition 
 
Conclusions: 

The study demonstrated that fruit peel extracts from rambutan and pomegranate 
contained antimicrobial compounds against S. epidermidis. These promising findings suggest 
the potential use of rambutan and pomegranate peel extracts in the synthesis of silver 
nanoparticles. The simple and eco-friendly synthesized AgNPs from this peel also displayed 
interesting S. epidermidis inhibition. Particularly, AgNPs synthesized with rambutan peel 
extract exhibited high efficiency, indicating its potential in application in antibacterial agents. 
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Department of Chemistry, Faculty of Science, Thaksin University, Pa Phayom, Phatthalung 
93210 
*e-mail: hasadhawut@tsu.ac.th 
 
Abstract:  

The effects of Mitragyna speciosa leaves extracts against α-glucosidase enzyme were 
determined. Crude ethanol extracts of early mature leaf (EMLE) and mature leaf (MLE) were 
tested for α-glucosidase inhibitory activity. The results found that the EMLE showed better 
activity than MLE. Early mature leaves were further extracted with dichloromethane, ethyl 
acetate, and ethanol to give dichloromethane (EMLD), ethyl acetate (EMLT), and ethanol 
(EMLN) crude extracts, respectively. The results indicated that EMLN (IC50 20.27±0.08 
g/mL) displayed better activity than both EMLT (IC50 21.09±0.43 g/mL) and EMLD (IC50 
22.62±0.15 g/mL). EMLN crude extract was separated using quick column chromatography 
to yield six subfractions, EMLN1-EMLN6. The result suggests that the major active 
principles for α-glucosidase inhibitory effects of Mitragyna speciosa extracts are EMLN6 
(IC50 of 16.55±0.08 g/mL) and EMLN4 (IC50 of 12.49±5.12 g/mL). The subfractions 
separated from EMLN exhibited better activities than other crude extracts. However, all 
samples displayed lower α-glucosidase inhibitory activity than stand drug acarbose. 
 
Introduction:  

Diabetes mellitus (DM) is a metabolic disease associated with high blood sugar 
levels1. Diabetes type I accounts for approximately 10% and occurs in patients whose 
pancreas is not able to produce enough insulin. Diabetes type II occurs when the body cannot 
use secreted insulin effectively and accounts for approximately 90%. Diabetes causes severe 
problems retinopathy, neuropathy, nephropathy, cardiovascular diseases, etc.2. Over the last 
decade, the prevalence of DM has been rapidly increasing and is now regarded as one of the 
most important global health issues. Approximately 460 million people of the world 
population were affected by DM. Furthermore, DM was the top ten globally leading causes of 
death in 2019, predicted to reach more than 500 million deaths in the next twenty-five years. 
An effective approach to limit the amount of sugar entering the bloodstream is glucosidase 
inhibitors (AGIs). Current commercial AGI drugs represented by acarbose, miglitol, and 
voglibose are effective inhibitors of -glucosidase. However, those drugs cause diarrhea, 
flatulence, abdominal pain, bloating, and discomfort3.  
 Synthetic drugs used to cure diabetes may have side effects. Research studies to find 
active ingredients from herbs, that can be used more safely, are another popular approach. 
According to the research report, there is the use of herbal substances in both extract and pure 
form. Herbs have been reported to have anti-diabetic effects. However, medicinal plants may 
need to be taken in large quantities in order to obtain active substances.Thus, the use of a 
good activity extract could be the disease-relief action. Therefore, we are interested in 
studying Mitragyna speciosa leaf extract.  Mitragyna speciosa (also known as kratom) is a 
Southeast Asian medicinal plant belonging to the coffee family (Rubiaceae). Historically, 
kratom is used traditionally as a wound poultice, to treat fever, fatigue, pain and diabetes4-8. 
Since academic research has shown that mitragynine, an alkaloids from Mitragyna speciosa 
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leaves, has the effect of the transport of glucose in cells9, swelling, relieves pain and anti-
inflammatory action by inhibiting the secretion of prostaglandin E2 (PGE-2) and gene 
expression of cyclooxygenase 2 (COX-2) in lipopolysaccharide-treated macrophage cells10. 
Extracts containing alkaloids from Mitragyna speciosa leaves can be used to reduce drug 
withdrawal symptoms11. Therefore, we are interested in obtaining extracts that inhibit -
glucosidase for further research on cell toxicity and to developing them into products to 
relieve diabetes. 
 
Methodology:  
Plant materials and extraction 

The early mature and mature leaves of Mitragyna speciosa were collected from Pa 
Phayom district, Phatthalung province, Thailand. They were dried in a hot air oven at 60 oC, 
and then ground into fine powder with a blender. The dried early mature and mature leaves 
(50 g) were extracted with ethanol for 2 days at room temperature. The filtrate was collected 
through a filter paper and the residue was re-soaked in ethanol twice for 2 days per time. The 
combined filtrate was evaporated to dryness under reduced pressure to give ethanol extracts 
of early mature leaf (EMLE) and mature leaf (MLE).  
α-Glucosidase inhibition assay of EMLE and MLE 

Matsui, Yosimoto, Oki and Osajima method was used to examine the α-glucosidase 
inhibitory activity of extracts.  Acarbose was used as the standard drug in this procedure. In 
this method, a sample solution of 25, 50, 100, 125, 250, 350, and 500 μg/mL concentration 
was prepared in DMSO. 20 μL of each concentration was added to 120 μL of 0.2 M sodium 
phosphate buffer pH 6.8 in a 96-well microtiter plate. After that, 20 μL of α-glucosidase 
enzyme solution (0.2 U/mL in buffer solution) was added. Positive control was prepared in a 
similar method but the extracted sample was replaced by 20 μL of DMSO. The Blank was 
prepared same protocol, but the α-glucosidase enzyme solution was replaced with phosphate 
buffer, and 20 μL of DMSO was added instead of the sample. The microplate was shaken for 
10 min at room temperature, and then 20 μL of 3.0 mM of 4-nitrophenyl β-D-
glucopyranoside (PNPG) was filled to each well. The plate was shaken for 10 min at the 
same temperature and the absorbance was measured at 405 nm. The percentage of inhibition 
was calculated as Eq. 1. 

 
 

% Inhibition  =                          Eq.1                    

                

A is the absorbance value when there is no test sample but enzymes, and B is the absorbance 
value when there is no test sample and enzymes. C is the absorbance value when the tested 
sample and enzymes are present. D is the absorbance value when there are no enzymes but a 
test sample. 
Extraction in order of polarity 
 Early mature leaves of 500 g were extracted in order of increasing polarity with 
dichloromethane, ethyl acetate, and ethanol to give dichloromethane extract (EMLD), ethyl 
acetate extract (EMLT), and ethanol (EMLN) extract, respectively. All of these extracts were 
tested α-glucosidase inhibition.  
Separation of the best activities extract to subfractions 

 EMLN showed better α-glucosidase inhibition activity than EMLD and EMLT. 
EMLN was separated into subfractions by quick column chromatography with 100% 

603



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

dichloromethane and gradient solvent of methanol-dichloromethane until 100% methanol to 
afford 6 fractions based on TLC characteristics. All Fractions were tested α-glucosidase 
inhibitory activity. 
 
Results and Discussion:  
 The early mature and mature leaves of Mitragyna speciosa were extracted with 
ethanol three times, 2 days each time. Each filtrate was evaporated to dryness under reduced 
pressure to give ethanol extracts of early mature leaves (EMLE)  and mature leaves (MLE) . 
The result of the α-glucosidase inhibition test shows that EMLE showed slightly better 
activity than MLE (Table 1). Therefore, the early mature leaves were extracted in order of 
increasing polarity with dichloromethane, ethyl acetate, and ethanol, respectively, to give 
EMLD, EMLT, and EMLN extracts. Weight, extract %yield, and physical appearance of all 
extracts are shown in Table 1. The result found that MLE had more yield extract than EMLE 
and EMLN>EMLT>EMLD, respectively. The result indicated that most compounds in 
Mitragyna speciosa leaves were polar compounds.  

 
Table 1. Weight of extract, %yield, physical appearance and α-glucosidase inhibitory activity 
of extract from Mitragyna speciosa 
 

 
The α-glucosidase inhibitory activities of all extracts and acarbose, a positive standard 

drug, are shown in Table 1. The result shows that EMLE displayed better activity than MLE.  
The EMLN showed higher inhibitory activity against -glucosidase than EMLT and EMLD.  
But all extracts exhibited lower inhibitory activity than the standard inhibitor acarbose. 

EMLN showed the best α-glucosidase inhibitory activity, then EMLN was separated 
into subfractions by quick column chromatography to afford 6 subfractions. All Fractions 
were tested for α-glucosidase inhibitory.  Weight of subfraction, physical appearance, α-
glucosidase inhibitory activity of all subfractions were shown in Table 2. EMLN6 showed the 
best -glucosidase inhibitory activity with IC50 valve 16.55±0.08 g/mL, while EMLN1-
EMLN5 showed similar activity with IC50 valve 18.89±0.2118.89±0.21, 19.94±0.13, 
18.78±0.03, 18.85±0.05 and 19.35±0.07 g/mL, respectively.  However, all fractions showed 
lower α-glucosidase inhibitory activity than standard drug acarbose.  

 
 

Extract Weight of 
extract 

%Yield Physical appearance -Glucosidase 
inhibitory activity 

 IC50 (g/mL) 
EMLE 1.8 3.6 green viscous oil 26.76±0.05 

MLE 2.1 4.2 green viscous oil 28.23±0.03 

EMLD 7.1 2.2 green viscous oil 22.62±0.15 

EMLT  12.2 3.6 brown viscous oil 21.09±0.43 

EMLN 18.5 5.7 brown viscous oil 20.27±0.08 

acarbose    14±1.36 
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Conclusion:  
Our findings suggest that the major active principles for α-glucosidase inhibitory 

effects of Mitragyna speciosa extracts might be present in EMLN (IC50 of 20.27±0.08 

g/mL). Subfractions EMLN1-EMLN6, was separated from EMLN showed better activity 
than EMLN with IC50 between 16.55±0.08-19.94±0.13 (g/mL). these results validate the 
potency of Kratom as an antidiabetic agent and suggests it could serve as an alternative 
remedy in the treatment of diabetes.  

 
Table 2. Weight of subfractions, physical appearance, α-glucosidase inhibitory 

activity of subfractions EMLN1-EMLN6 
 

Subfraction Weight of 
subfraction  

Physical appearance -Glucosidase 
inhibitory activity 

 IC50 (g/mL) 
EMLN1 1.184 green viscous oil 18.89±0.21 
EMLN2 1.102 dark green viscous oil 19.94±0.13 
EMLN3 1.126 dark green viscous oil 18.78±0.03 
EMLN4 2.055 dark green viscous oil 18.85±0.05 
EMLN5 2.344 dark green viscous oil 19.35±0.07 
EMLN6 3.531 brown viscous oil 16.55±0.08 
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Abstract:  

Water pollution caused by organic dyes is a significant environmental concern due to 
their persistence, toxicity, and potential harm to aquatic ecosystems and human health. This 
study aims to assess the adsorption capacity of activated carbon derived from coffee grounds 
(CGAC) for removing Crystal Violet (CV). CGAC was prepared by combusting coffee 
grounds at 600 °C for 4 hours. The coffee grounds were subsequently activated with KOH. 
Further modification involved the surface doping of CGAC with EDTA, resulting in EDTA-
CGAC, which exhibited enhanced CV removal efficiency. The adsorption of CV onto both 
CGAC and EDTA-CGAC is influenced by adsorbent dosage, initial CV concentration, 
adsorption temperature, and contact time. Maximum CV removal (99.92%) was attained with 
a CV concentration of 400 mg•L-1, an adsorbent dose of 0.55 g, and a contact time of 60 
minutes. 

 
Introduction:  

Industries like textiles, leather, and paper manufacturing often release synthetic dyes 
into water sources without proper treatment. These dyes pose significant risks to aquatic 
ecosystems and human health due to their persistence, toxicity, and potential disruption of 
aquatic life balance. Some synthetic dyes such as crystal violet (CV) contain chemicals 
harmful to humans, affecting the nervous system, skin, respiratory system, and internal 
organs. Prolonged or high-level exposure to such dyes can lead to health problems, including 
carcinogenic and allergic reactions. In the vicinity of Thaksin University at Phattalung 
campus and nearby districts of Phattalung province like Cha-uat District, Phapayom District, 
and Khuan Khanun District, the region boasts a rich cultural heritage, notably in the craft of 
"Krajood" (Lepironia articulata) basketry. This craft involves the use of dyes to enhance the 
beauty of woven textiles. The dyes employed for this purpose are primarily basic dyestuffs 
due to their strong affinity and rapid absorption. This research is centered on the absorption 
of crystal violet (CV), a commonly used basic dyestuff in dyeing. Moreover, crystal violet 
finds extensive applications beyond dyeing, including biology staining, disease treatment, 
and ink production. 

Wastewater treatment encompasses various methods, including chemical 
precipitation, ion exchange, adsorption, or reverse osmosis [1] . However, these methods 
often come with high costs and operational expenses. Therefore, an intriguing approach 
involves researching and developing cost-effective, locally available natural adsorbent 
materials. Existing research in water treatment highlights the growing popularity of activated 
carbon as an adsorbent. Nonetheless, imported activated carbon remains costly. Hence, there 
is a pressing need to produce activated carbon from biomass to reduce expenses. For instance, 
coffee grounds, a byproduct of roasted coffee, possess a stable carbon content and small 
particle sizes, making them easily convertible into activated carbon.  

Activated carbon is well-known for its remarkable adsorption properties due to its 
highly porous nature. Nevertheless, improving the surface modification of activated carbon to 
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create an excellent adsorbent remains an ongoing challenge. The introduction of oxygen and 
nitrogen atoms into activated carbon can enhance its adsorption capacity by influencing its 
surface chemistry [2]. One effective method for enhancing the adsorption properties of 
activated carbon involves modifying its surface with ethylenediaminetetraacetic acid 
(EDTA). EDTA, a chelating agent [3], can form complexes with various cationic ions, 
making it a valuable tool for functionalizing activated carbon surfaces and tailoring them for 
specific applications [4]. Several papers have reported on the modification adsorbent surface 
from different natural resources for use as metal ion adsorbents. Common metal ions that are 
studied include Pb, Cd, Cu, Zn, and Ni [5-7].  It was found that the adsorption efficiencies of 
these modified celluloses were clearly higher than those of the unmodified cellulose. EDTA's 
robust affinity for cationic ions is well-recognized, attributed to its abundant amine groups. 
The incorporation of EDTA into the hemicellulose structure of coffee grounds significantly 
enhances the adsorption capacity of crystal violet macromolecules.  

Therefore, coffee grounds activated carbon (CGAC) and EDTA-doped coffee grounds 
activated carbon (EDTA-CGAC) were prepared and applied as absorbents to remove crystal 
violet dye from aqueous solutions in this study. The properties of both CGAC and EDTA-
CGAC were analyzed using various experimental techniques, including scanning electron 
microscopy (SEM), energy-dispersive X-ray spectrometry (EDS), Fourier Transform Infrared 
spectroscopy (FT-IR), and Brunauer–Emmett–Teller (BET) analysis. For the adsorption of 
crystal violet dye onto both adsorbents, batch experiments were conducted. The effects of 
adsorbent dosage, contact time, pH, concentration of crystal violet dye, and temperature on 
the adsorption activity of CGAC and EDTA-CGAC were investigated.  

 
Methodology:  
Preparation of CGAC and EDTA-CGAC 

Moisture was removed from coffee grounds by drying them at 105°C for 24 hours. 
Dried coffee grounds were mixed with 85% KOH and water in a 1:1 ratio by weight. The 
mixture was stirred well and allowed to soak at room temperature for 24 hours. The mixture 
was then placed into crucible and carbonized at 600°C for 4 hours. It was washed with 
distilled water, and the surface was adjusted to pH 7 with HCl. Subsequently, it was dried at 
105°C for 24 hours. The resulting product, known as CGAC, was then taken, and 1 g of 
EDTA was added to it. The mixture was hydrothermally treated at 120°C for 48 hours. 
Finally, it was dried at 105°C for 24 hours, resulting in the product known as EDTA-CGAC. 
Characterization of CGAC and EDTA-CGAC  

The approximation properties CGAC and EDTA-CGAC were analyzed. The FT-IR 
spectra of CGAC and EDTA-CGAC was recorded in a range of 4000-400 cm-1 (G8044AA, 
Agilent Technologies). The SEM in conjunction with EDS was applied for surface 
morphology and elemental analysis CGAC and EDTA-CGAC (Oxford, Merlin compact). 
Surface acidity/basicity 
 The surface acidity was estimated by mixing 0.25 g of each adsorbent with 25 cm3 of 
0.05 M NaOH solution in a conical flask for 48 hours at room temperature. After the mixtures 
separated the filtrates were titrated with 0.05 M HCl. The surface basicity was obtained by           
a similar procedure, while 0.05 M HCl solution was contacted with 0.25 g of adsorbents and 
the titration solution was 0.05 M NaOH. 
Batch adsorption experiment 

The adsorption capacity of CGAC and EDTA-CGAC was tested for the removal of 
Crystal violet from aqueous solution. The effects of absorbent dosage, pH of Crystal violet 
solution, contact time, and initial concentration of Crystal violet solution on absorption 

608



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

equilibrium were studied and optimism, respectively. The CGAC and EDTA-CGAC of 0.25 
– 0.65 g were soaked in 100 mL of 50-400 mg•L-1 of Crystal violet solution for 180 min at 
30-50 °C at the 240 rpm. The initial and final concentrations of Crystal violet were analyzed 
by UV-Visible spectrophotometer at 590 nm.  
The removal percentages (R%) and equilibrium adsorption capacity (Qe) of Crystal violet 
were calculated using the following Eqs. (1) and (2), respectively (Zare, Lakouraj, & 
Kasirian, 2018) 
 

 
where C0 (mg/L) and Ce (mg/L) are the initial and final concentration of Crystal violet 

in the solution before and after adsorption, respectively. V (L) is the solution volume and                 
m (g) is the weight of the adsorbent. 
 
Results and Discussion:  
FTIR spectra  
 To verify changes in the surface functional groups before and after carbonization and 
chelation of EDTA on the surface of CGAC, the FT-IR spectras of coffee grounds (CG), 
CGAC, and EDTA-CGAC were investigated. As shown in Fig. 1, the spectra of CG, which 
represents the adsorbent not subjected to heat treatment and thus containing especially 
volatile compounds, exhibited the richest variety of functional groups compared to the other 
CGAC and EDTA-CGAC adsorbents. However, the absorbance spectra of CGAC and 
EDTA-CGAC displayed very similar patterns. The absorbance band in the range of 2,850-
2,950 cm-1 corresponds to asymmetric and symmetric C–H stretching, while the range of 
1,700-1,750 cm-1 corresponds to C=O esters in hemicellulose, and 1,030 cm-1 corresponds to 
C-OH. The main adsorption peaks of CGAC are located at 1,620, 1,250, 1,030, and 600-700 
cm–1, corresponding to C=C unsaturated compounds, asymmetric C–O-C stretching, C-OH 
stretching, and C–H bending, respectively [8-10], indicating that heat treatment can break 
down the cellulose or hemicellulose structure in coffee grounds. After EDTA modification, 
these peaks are still observed, similar to CGAC. However, a new absorption peak at 1,240-
1,230 cm–1 , 3,500 cm–1 and 3,560-3,854 cm–1 appears in the spectrum of EDTA-CGAC, 
which can be assigned to the asymmetric stretching frequency of carboxyl groups[11], 
primary amine and O-H stretching vibration respectively, demonstrating the successful 
grafting of EDTA onto the CGAC surface. In addition, the absorbance spectra of CGAC and 
EDTA-CGAC before and after adsorption (CGAC_CV and EDTA-CGAC_CV) displayed 
very similar patterns. After CV adsorption, an absorption peak at 1,700 cm–1, which 
corresponds to C=O stretching, appears with low intensity, demonstrating the successful 
adsorption of CV onto the CGAC and EDTA-CGAC surfaces. 
SEM and EDS analysis 
 SEM images were used to characterize the morphology of CGAC (Fig. 2a) and 
EDTA-CGAC (Fig. 2b). The results indicate that the surface of CGAC and EDTA-CGAC 
exhibit fewer porous structures, channels, or voids. Element analysis of CGAC and EDTA-
CGAC using EDS is presented in Fig. 2c and Fig. 2d, respectively. The EDS data suggests 
that CGAC has a higher carbon content, leading to increased graphitization and the removal 
of volatile compounds. EDS data for EDTA-CGAC reveals higher oxygen and nitrogen 
content, indicating that the successful doping of EDTA onto the CGAC surface. 
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Fig. 1 The FTIR spectrum of CG, CGAC, EDTA_CGAC, CGAC_CV and 

EDTA_CGAC_CV adsorbents. 
 

    
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 The (a) SEM image of CGAC (b) image of EDTA-CGAC (c) EDS spectrum of CGAC 

adsorbent and (d) EDS spectrum of EDTA-CGAC adsorbent. 
 

a b 

c d 
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Boehm titration of the adsorbents 
 Oxygen and nitrogen atoms are important factors that affect the surface properties of 
activated carbon. Oxygen-containing functional groups, such as hydroxyl, and nitrogen-
containing functional groups, such as amine, are commonly found on the surface. Higher 
oxygen content makes the surface more acidic, while higher nitrogen content makes it more 
basic. Acidic and basic surface functionalities are determined by Boehm titration and 
summarized in Table 1. The total surface area of CGAC and EDTA-CGAC was more basic 
than acidic due to their higher nitrogen content. Furthermore, the value of basic groups in the 
EDTA-CGAC sample was higher than in CGAC. Therefore, the activating agent influences 
the arrangement of surface functional groups. 
 
Table 1 acidic and basic values of CGAC and EDTA-CGAC adsorbents 

 
 
 
 
 

The pH of Point of Zero Charge (pHPZC) 
 In this study, we measured the pH of CGAC and EDTA-CGAC to determine whether 
the activated carbon was acidic or basic in nature. Additionally, measuring the pHPZC allowed 
us to understand whether the activated carbon contained positive, negative, or neutral 
charges. The pHPZC values are plotted and observed in Fig. 3. The pH of the PZC for CGAC 
and EDTA-CGAC is 7.9 and 8.6, respectively. This indicates that when the pHPZC is 
exceeded, the solution becomes negatively charged, promoting the absorption of cationic 
species. This effect may be attributed to the activation and carbonization procedure, which 
eliminates volatile components and significantly dries the material. It has been observed that 
an activated carbon content of 1−20% is suitable for effective pollution adsorption. This 
implies that the modification of EDTA changed the surface characteristics of CGAC. For the 
adsorbents used in this study (CGAC and EDTA-CGAC), the adsorption process is favored at 
pH ≤ pHPZC, which is 7.9 and 8.6, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 3 pHPZC of CGAC and EDTA-CGAC 

Adsorbent Acidic site (mol/g) Basic site (mol/g) 
CGAC 0.75 1.27 

EDTA-CGAC 0.10 1.70 
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Effects of parameters on CV adsorption 
Results from the study of the effects of adsorbent dosage, CV initial concentration, 

adsorption temperature, and contact time on CV adsorption are displayed in Fig. 4a-4d, 
respectively. Fig. 4a presents the effect of adsorbent dose on CV adsorption, with varying 
adsorbent amounts from 0.25 to 0.75 g for both CGAC and EDTA-CGAC, at fixed times of 
180 min, room temperature, and initial concentrations of 150 ppm. It was observed that the 
amount of CV adsorbed per unit weight of adsorbent (q) decreased with an increase in 
adsorbent dose, while the removal percentage of CV by CGAC and EDTA-CGAC slightly 
increased with an increase in adsorbent dose. This suggests that using 0.55 g of CGAC and 
EDTA-CGAC can yield a high value of q and CV removal. 

The initial concentration of CV in the aqueous solution, one of the affecting 
parameters for adsorption, was investigated using a range of 50-400 mg•L-1 of CV solution 
(Fig.4b). The adsorption capacities increased when the initial concentration was increased 
from 50 to 400 mg•L-1.  

The effect of adsorption temperature (Fig. 4c) shows that the adsorption capacity of 
CV onto CGAC and EDTA-CGAC increased at 30, 40, and 50 °C, respectively, indicating 
that the adsorption process was endothermic. 

The adsorption capacity curves of CGAC and EDTA-CGAC for CV at different time 
intervals are shown in Fig. 4d. The adsorption capacities increased sharply within 60 min for 
CGAC and EDTA-CGAC. In the initial stage of the adsorption process, the adsorption sites 
on the adsorbents for CV were adequate.   

 
Fig. 4 The effects of (a) adsorbent dosage (b) initial CV concentration (c) Effect of 

adsorption temperature and (d) contact time on the adsorption capacity of CV  
onto the CGAC and EDTA-CGAC 
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As the adsorption proceeded, the available binding sites decreased, resulting in a 
decrease in the adsorption rate, and the adsorption capacity eventually reached saturation. 
Most adsorbents tended to reach adsorption equilibrium at 90 min, but the adsorption 
capacity of EDTA-CGAC reached equilibrium within only 60 min. This may be attributed to 
its larger specific surface area and porosity, allowing CV to migrate more quickly on the 
adsorbent surface. From the result can be found that the maximum adsorption capacity at 
equilibrium (qe) of CV was 72.67 mg•L-1 and the percentage removal of CV is 99.92%. 

 
Table 2 Adsorption capacity of CGAC and EDTA CGAC 

 
Conclusion:  
 In this study, CGAC was prepared by carbonizing coffee grounds and activating them 
with KOH. EDTA-CGAC was then synthesized by grafting EDTA onto the surface of 
CGAC, enhancing its CV removal ability. The results demonstrate that EDTA-CGAC 
exhibits higher adsorption efficiency than CGAC, suggesting that EDTA can effectively 
modify the surface of CGAC. 

The adsorption of CV onto both CGAC and EDTA-CGAC depended on several 
factors, including adsorbent dosage, initial CV concentration, adsorption temperature, and 
contact time. The highest %removal of CV, reaching 99.92%, was achieved with a CV 
concentration of 400 mg•L-1, an adsorbent dose of 0.55 g, and a contact time of 60 min. 
Furthermore, the adsorption process was found to be endothermic. 
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Abstract:  

Mitragyna speciosa, commonly known as kratom, is a plant native to Southeast Asia 
that has gained attention for its potential medicinal properties. Kratom contains a variety of 
alkaloids, which tend to produce stimulant-like effects, including increased energy, alertness, 
sociability, and pain relief. One major therapeutic strategy for treating Alzheimer's disease 
(AD) involves increasing brain acetylcholine (ACh) levels by inhibiting acetylcholinesterase 
(AChE) activity. Additionally, Cyclooxygenase-2 (COX-2) is an enzyme that plays a crucial 
role in the body's inflammatory response and sensitizes nerve endings, increasing their 
responsiveness to pain signals. It's important to note that the use of AChE and COX-2 
inhibitors can lead to side effects, including cardiovascular risks and gastrointestinal 
disturbances, and they often have low bioavailability. Therefore, there is a need to discover 
and develop more effective AChE and COX-2 inhibitors, potentially sourced from natural 
compounds. The primary goal of this study is to conduct structure-based molecular docking 
to screen potential anti-AChE and COX-2 candidates of the 36 alkaloid structures and 8 
flavonoid structures obtained from Mitragyna speciosa leaves. The results of the calculations 
indicate that several bioactive compounds exhibit a strong binding affinity with AChE 
compared to COX-2 protein. Notably, compounds from the alkaloid functional group, 
including Angustine and Isomitraphylline, displayed superior binding affinity (binding 
energy (BE) and dock score (% DS)) toward both AChE (BE = -10.028 kcal•mol-1 and %DS 
= 100) and COX-2 (BE = -9.32 kcal•mol-1 and %DS = 100). These findings suggest that 
compounds derived from Mitragyna speciosa (kratom) leaves have the potential to serve as 
therapeutic agents for further drug development targeting Alzheimer's disease by inhibiting 
AChE and for managing pain by targeting COX-2. 
 
Keywords: Acetylcholinesterase, COX-2, M. speciosa, Alzheimer’s disease, Docking 

Introduction:  
Alzheimer's disease (AD) is an irreversible neurodegenerative disease of brain 

neurons (1, 2). According to the World Health Organization (WHO), AD is one of the most 
common causes of dementia, and it affects approximately 50 million people worldwide (2). 
Many studies have found that AD is associated with decreased levels of neurotransmitter 
acetylcholine (ACh) in the brain (3). Acetylcholinesterase (AChE), an essential enzyme in the 
family of serine hydrolases, catalyzes the hydrolysis of ACh (4). Therefore, one of the major 
therapeutic strategies for the treatment of AD is to increase the ACh level in the brain by 
inhibiting the biological activity of AChE.  

Cyclooxygenase-2 (COX-2) is an enzyme that plays a crucial role in the body's 
inflammatory response. It is part of a family of enzymes known as cyclooxygenases, which 
are involved in the production of prostaglandins. In addition to promoting inflammation, 
COX-2-derived prostaglandins also sensitize nerve endings, making them more responsive to 
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pain signals. This is why COX-2 inhibitors are often used as pain relievers. COX-2 inhibitors 
are a class of medications that specifically target and block the activity of the COX-2 
enzyme. By doing so, they reduce the production of prostaglandins associated with 
inflammation and pain. This makes COX-2 inhibitors effective in treating conditions like 
osteoarthritis, rheumatoid arthritis, and acute pain.  

There are currently four approved drugs targeting AChE used in patients with AD, 
i.e., tacrine, dopenzial, galantamine, and rivastigmine (5-8). Unfortunately, these drugs are 
known to induce several side effects such as gastrointestinal disturbances, and they have low 
bioavailability. In addition, it's important to note that the use of COX-2 inhibitors can have 
side effects, including cardiovascular risks. Hence, it is needed to find and develop better 
AChE and COX-2 inhibitors for example from natural sources to treat AD and pain relievers 
without any side effects. 

Mitragyna speciosa (kratom), commonly known as kratom, has a long history of 
traditional use in Southeast Asia, where it has been used for its stimulant and analgesic (pain-
relieving) properties. It was often chewed or brewed into tea by laborers and farmers to 
combat fatigue and pain. Kratom is a tropical tree native to Southeast Asia, particularly in 
countries like Thailand, Malaysia, Indonesia, and Papua New Guinea. Kratom has gained 
popularity in recent years due to its potential medicinal properties and recreational use. 
Kratom contains a variety of alkaloids, these compounds tend to have stimulant-like effects, 
including increased energy, alertness and sociability interact. Kratom has gained attention for 
its potential medicinal applications, particularly in managing chronic pain and opioid 
withdrawal symptoms. Some individuals have used it as an alternative to prescription opioids 
or as a way to taper off opioids.  

Many studies have isolated bioactive compounds from kratom leaves, but 
comprehensive studies are required to determine their molecular interactions. Molecular 
docking is an efficient tool for predicting the orientation of a ligand at the specific site of a 
receptor, and for exploring the receptor-ligand interactions. Recently, several studies have 
used the molecular docking method to study the interactions and conformations of ligand 
against AChE and COX-2 target. Herein, we aimed to explore the lead compound from 
kratom leaves for their medicinal potentials as therapeutic agents against AChE and COX-2 
using structural modeling of molecular docking technique. The 36 alkaloid structures and 8 
flavonoid structures molecules obtained from Kratom leaves were screened against AChE 
and COX-2 by molecular docking. A detailed understanding of ligand-protein interaction and 
its inhibitory activity against AChE and COX-2 could be helpful in further drug design and 
development for AD and pain relievers treatment. 

 
Methodology:  

Molecular docking technique was applied to study the binding orientation and affinity 
of the bioactive compounds from kratom toward the binding site of AChE and COX-2, 
utilizing AutoDock 4.2 (9). The three-dimensional (3D) structures of both targets were 
obtained from the Brookhaven Protein Data Bank (PDB) (10) are shown in Fig.1. The PDB 
IDs for AChE and COX-2 are 4EY6 (Resolution: 2.40 Å, R-Value Free: 0.206, R-Value 
Work: 0.167) (11) and 5KIR (Resolution: 2.70 Å, R-Value Free: 0.220, R-Value Work: 
0.178) (12), respectively. The water molecules were removed, and missing hydrogen atoms 
were added to the protein structures.  

The bioactive molecules from kratom leaves, including 36 alkaloid structures and 8 
flavonoid structures, were drawn using Gauss View (13). Their three-dimensional (3D) 
structures were optimized at the Hartree-Fock level of theory with a 6-31G* basis set using 

615



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

the Gaussian 03 program (14). Subsequently, the optimized structures were converted to .pdb 
format using GaussView (14) for molecular docking studies. Partial atomic charges for both 
the protein and ligands were assigned using the Gasteiger–Marsili method (15), which was 
implemented in AutoDock Tools (16). In the semiflexible docking protocol, the protein 
molecule was kept rigid, while flexibility of the ligands was allowed to account for torsional 
freedom. The protein and ligands were converted to .pdbqt format after initially adding 
hydrogen bonds and charges. These prepared molecules were used for docking analysis. A 
cubic grid box with dimensions of 50 × 50 × 50 Å, with a grid spacing of 0.375 Å, was 
positioned around the key residues of the protein. The cubical grid box of 50 × 50 × 50 size 
with 0.375 Å was fixed around the key residues of the AChE enzyme containing the catalytic 
triad (S203, H447 and E334), the anionic subsite (W86, Y133 and E202), the oxyanion 
subsite (G121, G122 and A204), the acyl-binding subsite (Trp236, Phe295, Phe297 and 
Phe338, the bottleneck region (Y124 and F338) and the peripheral anionic site (PAS, Y72, 
D74) [11]. Information from the crystal structure of COX-2 has revealed that key active 
residues (Tyr-385, Phe-381, Val-523, Glu-524 and Ser-530) [12] are found in the catalytic 
domain within the C-terminus and covered by cubical grid box of COX-2 system. 

To assess binding affinity, galantamine and rofecoxib were re-docked into the AChE 
and COX-2 binding sites, respectively. Additionally, these two compounds served as control 
molecules for filtering other bioactive compounds. AutoGrid4 parameters were used to create 
a rigid grid box. Furthermore, AutoDock4, employing Lamarckian genetic algorithms, was 
employed to determine the best docking conformations. It's worth noting that AutoDock 
estimates free energies of binding based on typical molecular mechanics energy terms, 
including dispersion/repulsion, hydrogen bonding, electrostatic interactions (17), torsional 
entropy upon binding, and desolvation effects upon ligand binding, along with corresponding 
hydrophobic effects (18). 

 

 
 
Fig. 1 The three-dimensional structures of AChE (4EY6) and COX-2 (5KIR) obtained from 
the Brookhaven Protein Data Bank (PDB).  
 
Results and Discussion:  

The molecular docking was performed using AutoDock program to screen the binding 
affinity of 36 alkaloid structures and 8 flavonoid structures from kratom leaves against the 
two targets of AChE and COX-2. The binding energy (BE, kcal•mol-1) and the percentage of 
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possible conformation or dock score (% DS) of all bioactive compounds against AChE were 
varying from -6.05 to -11.51 kcal•mol-1 and 32 to 100 %, respectively. When the BE and % 
DS of these compounds against COX-2 were varying from -2.28 to -11.52 kcal•mol-1 and 31 
to 100 %. Galantamine (GAL) and Rofecoxib were used as control molecule were re-docked 
into the AChE and COX-2 binding sites for assessing binding affinity. The binding energy of 
galantamine and Rofecoxib were used as reference for filtering alkaloid and flavonoid 
compounds from the Kratom. The BE and %DS of top fourteen bioactive compounds against 
both targets are summarized in Table 1.  

The docking program was verified by re-docking of galantamine back into the AChE 
binding site. The docking model of galantamine was well posed in the AChE binding site  
(Fig.2a) with the BE and %DS of -9.97 kcal•mol-1 and 97%, suggesting that the setting 
parameters were suitable for this study. Rofecoxib was also redock back into the COX-2 
binding site. The docking model of Rofecoxib was also well posed in the COX-2 binding site 
(Fig.2b) with the BE and %DS of -5.57 kcal•mol-1 and 82%. The docking result shows that 
mostly bioactive compounds are good binding affinity in cavity of protein. Docking results 
indicated that alkaloid compounds from Mitragyna speciosa (kratom) exhibited higher 
binding affinities for AChE and COX-2 compared to flavonoid compounds. Specifically, 
indole and oxindole alkaloid compounds demonstrated superior binding affinities toward to 
the both targets when compared to other alkaloids. Notably, Angustine and Isomitraphylline 
exhibited excellently strong binding affinities to AChE, with values of -10.02 kcal•mol-1 and 
-11.42 kcal•mol-1, respectively. Furthermore, both Angustine and Isomitraphylline showed a 
100% percentage of possible conformation (% DS), indicating favorable binding interactions 
between these compounds and AChE, a protein. Fig. 2(A)a shows that the galanthamine was 
well occupied in the active site gorge of AChE in the orientation similar to those of 
Rofecoxib in the binding site of COX-2 (Fig.2(B)b). 
 

 
 
Fig.2 A close-up view of the superimposition of docking model (brown) and crystal structure 
(yellow) and 2D of (A) the galantamine in the binding site of human AChE, and (B) the 
Rofecoxib in the binding site of COX-2. The hydrophilic and hydrophobic surfaces are 
colored by blue and orange, respectively.  
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Table 1. The BE and %DS of commercial drugs and selected most favorable compounds in 
the binding pocket of AChE and COX-2. 
  

Compounds Structure 
AChE COX-2 

BE (kcal•mol-1) %DS BE (kcal•mol-1) %DS 

Redocking   
Galantamine Rofecoxib 
-9.97 97 -5.57 82 

Angustine 

 

-10.02 100 -9.32 100 

Ajmalicine 

 

-10.69 98 -8.42 95 

Akuammigine 

 

-9.43 97 -9.58 98 

Corynantheidine 

 

-10.26 86 -10.23 46 

Isocorynantheidine 

 

-10.05 73 -7.7 53 

Hirsutine 

 

-10.44 50 -10.31 58 

Hirsuteine 

 

-8.73 52 -11.4 55 

Mitragynine 

 

-10.38 64 -8.78 67 
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Paynantheine 
 
  

-9.99 38 -9.61 51 

Compounds Structure 
AChE  COX-2  

BE (kcal•mol-1) %DS BE (kcal•mol-1) %DS 

Speciociliatine 

 

-7.59 84 -10.19 55 

7α-Hydroxy-7H-
mitragynine 

 

-8.57 82 -7.81 41 

Isorhynchophylline 

 

-11.25 51 -2.62 53 

Isomitraphylline 

 

-11.42 100 -9.81 93 

Isomitrafoline 

 

-10.59 58 -3.93 35 

Mitragynine 
oxidole B 

 

-11.09 78 -6.58 65 

Astragalin 

 

-6.87 32 -11.25 62 
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Hyperoside 

 

-7.9 47 -10.7 50 

Isoquercitrin 

 

-6.97 40 -11.52 67 

 
 
4. Conclusion  

In this study, the 36 alkaloid structures and 8 flavonoid structures molecules obtained 
from Kratom leaves were screened against AChE and COX-2 through molecular docking 
performed to screen the lead compounds for Alzheimer's disease pain relievers treatment. 
Docking results showed that compounds from the alkaloid functional group, including 
Angustine and Isomitraphylline, displayed superior binding affinity (BE and %DS) toward 
both AChE (BE = -10.028 kcal•mol-1 and %DS = 100) and COX-2 (BE = -9.32 kcal•mol-1 
and %DS = 100). These findings suggest that compounds derived from Mitragyna speciosa 
(kratom) leaves have the potential to serve as therapeutic agents for further drug development 
targeting Alzheimer's disease by inhibiting AChE and for managing pain by targeting COX-
2.  
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 (Leave a blank line between e-mail and abstract.) 
Abstract:  
A graceful labeling of a simple connected graph 𝐺 = (𝑉(𝐺), 𝐸(𝐺)) with |𝐸(𝐺)| edges is an 
injective function 𝑓: 𝑉(𝐺) → {0,1, … , |𝐸(𝐺)|}  such that for each edge 𝑢𝑣 ∈ 𝐸(𝐺)  is label 
|𝑓(𝑢) − 𝑓(𝑣)| then the results of edge labels are distinct. In this paper contains some results 
on graceful labeling of the bistar graph, the graph obtained by the duplication a vertex of the 
bistar graph by an edge, and the graph obtained by the ring sum of the path 𝑃𝑛 and the complete 
bipartite graph 𝐾2,𝑚. 

(Leave a blank line between sections.) 
Introduction:  
Let 𝐺 be a simple graph with a vertex set  𝑉(𝐺) and edge set  𝐸(𝐺). Let 𝑞 = |𝐸(𝐺)| be the 
number of the edges of 𝐺. The endpoints of an edge is a set of two vertices connects to each 
edge. The vertices are in the endpoint of each edge are called incident with the edge. The 
vertices which are incident with a common edge are adjacent. A simple graph 𝐺 is a graph 
with each edge in 𝐸(𝐺) connects two distinct vertices in 𝑉(𝐺). The Neighbourhood of a 
vertex v in a graph 𝐺 is the set of all vertices which are adjacent to v. The set of neighbours of 
a vertex v is denoted by N(v). For more detail, the reader can see in, Gross and Yellen1 and 
Bondy and Murty3. A labeling of a graph 𝐺 is a function 𝑓 such that carries a set of graph 
elements into the set of integers. Rosa9 introduced a labeling called β-valuation, later Golomb7 
called as graceful labeling.  
Definition 1 A function 𝑓 is called a graceful labeling of a simple graph 𝐺 with |𝐸(𝐺)| =  𝑞 
edges if 𝑓: 𝑉 (𝐺) →  {0, 1, 2, … , 𝑞}  is injective and the induced function 𝑓∗: 𝐸(𝐺) →
 {1, 2, … , 𝑞} defined by 

𝑓∗(𝑢𝑣) = |𝑓(𝑢)–  𝑓(𝑣)| 
is bijective. A graph which has a graceful labeling is called a graceful graph. 
 Many papers published in the graceful labeling of graphs see Biatch et al.2 Makadia et 
al.8 Boxwala and Vashishta4 and Sethuraman and Murugan10. See Gallian5 for a dynamic 
survey of graph labeling. 
Definition 2 The bistar graph is the graph obtained by joining the centre (apex) vertices of 
two copies of the star  𝐾1,𝑛 by an edge and it is denoted by 𝐵𝑛,𝑛. See Ghodasara and Patel6 for 
more details.  
Definition 3 The duplication of a vertex 𝑣𝑘 of a graph G produces a new graph by adding a 
new edge 𝑒 = 𝑣𝑘

′ 𝑣𝑘
′′ such that   

𝑁(𝑣𝑘
′′) = {𝑣𝑘 , 𝑣𝑘

′ }  and  𝑁(𝑣𝑘
′ ) = {𝑣𝑘 , 𝑣𝑘

′′}, 
where N(u*) denotes the set of neighborhood of a vertices u*. 
The duplication of a vertex 𝑢2 of a bistar graph 𝐵4,4 by a new edge 𝑒 = 𝑢2

′ 𝑢2
′′  shown in Figure 

1.   
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Figure 1. 

 
Definition 4 Given two graphs 𝐺1 = (𝑉(𝐺1), E(𝐺1)) and 𝐺2 = (𝑉(𝐺2), 𝐸(𝐺2)) the ring sum 
of  𝐺1 and 𝐺2 denote by 𝐺1 ⊕ 𝐺2 such that 

𝐺1 ⊕ 𝐺2 = (𝑉(𝐺1) ∪ 𝑉(𝐺2), 𝐸(𝐺1) ∪ 𝐸(𝐺2) − 𝐸(𝐺1) ∩ E(𝐺2)).   
Makadia et al4. proved some results on the ring sum of two graphs for their graceful. In this 
paper, we consider the ring sum of the path  𝑃𝑛 and the complete bipartite graph 𝐾2,𝑚 with two 
common vertices 𝑣1 and 𝑣2. The ring sum graph 𝑃4 ⊕ 𝐾2,3  shown in Figure 2.   
 
 
 
 
 
 
 
                                       𝑃4                                                      𝐾2,3 
 

 
𝑃4 ⊕ 𝐾2,3 

 
Figure 2. 

 
In this paper we show the graceful labeling of the bistar graph, the graph obtained by the 
duplication a vertex of the bistar graph 𝐵𝑛,𝑛 by a new edge and the graph obtained by the ring 
sum of the path 𝑃𝑛 and the complete bipartite graph 𝐾2,𝑚. 

(Leave a blank line between sections.) 
Methodology:  
1. Studying on the graceful labeling. 
2. Studying on the graph operations. 
3. Finding the graceful labeling of the bistar graph, the graph obtained by duplication a vertex 
by an edge of the bistar graph 𝐵𝑛,𝑛 and the graph obtained by the ring sum of the path 𝑃𝑛 and 
the complete bipartite graph 𝐾2,𝑚.  
4. Establishing the new theorems of the graceful labeling.(Leave a ank line between sections.) 
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Results and Discussion:  
Theorem 1  𝐵𝑛,𝑛 is the graceful graph. 
Proof Let  𝐵𝑛,𝑛 be the bistar with the vertex set 𝑀 = {𝑢1, 𝑢2} and 𝑁 = {𝑣1, 𝑣2, 𝑣3, … , 𝑣2𝑛}. 
Hence, we have 𝑞 = |𝐸( 𝐵𝑛,𝑛 )| = 2𝑛 + 1.   
Define  𝑓: 𝑉 ( 𝐵𝑛,𝑛 ) → {0, 1, 2, . . . , 𝑞 = 2𝑛 + 1} as follows. 
  𝑓(𝑣𝑛+1) = 0.   

𝑓(𝑢1) = 1. 
 𝑓(𝑣𝑖) = 2𝑖            𝑖 = 1,2,3, . . , 𝑛.                             

𝑓(𝑣𝑖) = 2𝑖 − 2𝑛 − 1,      𝑖 = 𝑛 + 2, 𝑛 + 3, … ,2𝑛.   
𝑓(𝑢2) = 2𝑛 + 1. 

Clearly 𝑓 is an injective.  
Next consider the induced function 𝑓∗: 𝐸(𝐺) → {1,2,3, … , 𝑞 = 2𝑛 + 1}. 

𝑓∗ (𝑢2𝑣𝑛+1) = 2𝑛 + 1. 
𝑓∗ (𝑢2𝑢1) = 2𝑛.         

           𝑓∗ (𝑢1𝑣𝑖) = 2𝑖 − 1,        𝑖 = 1,2,3, . . , 𝑛.   
{𝑓∗(𝑢1𝑣𝑖)|𝑖 = 1,2,3, . . , 𝑛} = {1,3,5, … ,2𝑛 − 1}.    

           𝑓∗(𝑢2𝑣𝑖) = 4𝑛 − 2𝑖 + 2,   𝑖 = 𝑛 + 2, 𝑛 + 3, … ,2𝑛.    
                            {𝑓∗(𝑢2𝑣𝑖)|𝑖 = 1,2,3, . . , 𝑛} = {2,4,6, … ,2𝑛 − 2}. 
Thus 
           {𝑓∗(𝐸(𝐺))} =  {𝑓∗ (𝑢1𝑣𝑖)|𝑖 = 1,2,3, … , 𝑛 } ∪ {𝑓∗ (𝑢2𝑣𝑖)|𝑖 = 𝑛 + 2, 𝑛 + 3, … ,2𝑛} 
                                     ∪ {𝑓∗ (𝑢1𝑣𝑖)} ∪ { 𝑓∗ (𝑢2𝑢1)} ∪ { 𝑓∗(𝑢2𝑣𝑛+1)} 
                    = {1,2,3, … ,2𝑛 + 1}. 
It is obvious that 𝑓∗ is a bijective. Then  𝐵𝑛,𝑛 is the graceful graph.              

The graceful graph  𝐵3,3  shown in Figure 3.   
 

                                                  
Figure 3. 

 
The caterpillar is a tree with the property that all the vertices are within distance 1 from a central 
path. The bistar are the caterpillar.  Rosa9 have shown that all caterpillars are graceful. 
However, the graceful labeling 𝑓 in Theorem 1 is easy and convenient for  𝐵𝑛,𝑛. 
Theorem 2 Let  𝐵𝑛,𝑛  be the bistar graph with 𝑀 = {𝑢1, 𝑢2}  and 𝑁 = {𝑣1, 𝑣2, 𝑣3, … , 𝑣2𝑛}. The 
graph 𝐺 obtained by duplication of a vertex in 𝑀 is the graceful graph. 
Proof Let  𝐵𝑛,𝑛  be the bistar graph with 𝑀 = {𝑢1, 𝑢2}  and 𝑁 = {𝑣1, 𝑣2, 𝑣3, … , 𝑣2𝑛}. Let 𝐺 be 
the graph obtained by duplication a vertex in 𝑀 of  𝐵𝑛,𝑛. Without loss of generality, duplication 
a vertex  𝑢2 in 𝑀 by a new edge 𝑒 = 𝑢2

′ 𝑢2
′′. Hence, we have 𝑞 = |𝐸(𝐺)| = 2𝑛 + 4.   

Define 𝑓: 𝑉 (𝐺)  →  {0, 1, 2, . . . , 2𝑛 + 4} as follows. 
𝑓(𝑢1) = 2. 

 𝑓(𝑢2) = 2𝑛 + 4.                   
 𝑓(𝑢2

′ ) = 1.                       
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 𝑓(𝑢2
′′) = 0.               

 𝑓(𝑣𝑖) = 2𝑖 + 2,             𝑖 = 1,2,3, … , 𝑛.    
𝑓(𝑣𝑖) = 2𝑖 − 𝑛 − 2,              𝑖 = 𝑛 + 1, 𝑛 + 2, 𝑛 + 3, … ,2𝑛.   

Clearly 𝑓 is an injective.  
Next consider the induced function 𝑓∗: 𝐸(𝐺) → {1,2,3, … , 𝑞 = 2𝑛 + 4}. 
 𝑓∗(𝑢2

′ 𝑢2
′′) = 1.    

 𝑓∗(𝑢1𝑣𝑖) = 2𝑖,                       𝑖 = 1,2,3, … , 𝑛.    
                        {𝑓∗(𝑢1𝑣𝑖), 𝑖 = 1,2,3, … , 𝑛} = {2,4,6, … ,2𝑛}.  
 𝑓∗(𝑢2𝑣𝑖) =  3𝑛 − 2𝑖 + 6,    𝑖 = 𝑛 + 1, 𝑛 + 2, 𝑛 + 3, … ,2𝑛.   
                     {𝑓∗(𝑢2𝑣𝑖), 𝑖 = 𝑛 + 1, 𝑛 + 2, 𝑛 + 3, … , 𝑛} = {3,5, … ,2𝑛 + 1}. 
            𝑓∗(𝑢1𝑢2) = 2𝑛 + 2.    
 𝑓∗(𝑢2𝑢2

′ ) = 2𝑛 + 3.   
 𝑓∗(𝑢2𝑢2

′′) = 2𝑛 + 4.    
Thus 
          {𝑓∗(𝐸(𝐺))} = {𝑓∗(𝑢2

′ 𝑢2
′′)} ∪ {𝑓∗(𝑢1𝑣𝑖)| 𝑖1,2,3, … , 𝑛} ∪ {𝑓∗ (𝑢1𝑣𝑖)|𝑖 = 1,2,3, … , 𝑛 } 

                                       ∪ {𝑓∗(𝑢2𝑣𝑖)| 𝑖 = 𝑛 + 1, 𝑛 + 2, 𝑛 + 3, … , 𝑛} ∪ {𝑓∗(𝑢1𝑢2) = 2𝑛 + 2} 
                                       ∪ {𝑓∗(𝑢2𝑢2

′ )}  ∪ {𝑓∗(𝑢2𝑢2
′′)}  

                   = {1,2,3, … ,2𝑛 + 4}. 
It is obvious that 𝑓∗ is a bijective. Then 𝐺 is the graceful graph.             

The graceful graph 𝐺  shown in Figure 4.   
 

      
Figure 4. 

 
Theorem 3 Let  𝑃𝑛 be the path with 𝑛 vertices and 𝐾2,𝑚 be the complete bipartite graph. Then 
 𝑃𝑛 ⨁ 𝐾2,𝑚 is the graceful graph. 
Proof Let 𝑣1, 𝑣2, 𝑣3, … , 𝑣𝑛  be the successive vertices of 𝑃𝑛 and 𝑁 = {𝑣1, 𝑣2} and 𝑀 =
{𝑢1, 𝑢2, 𝑢3, … , 𝑢𝑚} be the bipartition of 𝐾2,𝑚. Let 𝑣1 and 𝑣2 be two common vertices of 𝑃𝑛 and 
𝐾2,𝑚. Let 𝑃𝑛 ⨁ 𝐾2,𝑚  be a ring sum graph of 𝑃𝑛 and 𝐾2,𝑚. Thus 𝑞 = |𝐸(𝑃𝑛  ⨁ 𝐾2,𝑚)| = 2𝑚 +
𝑛 − 1. Define 𝑓: 𝑉(𝑃𝑛 ⨁ 𝐾2,𝑚) → {0,1,2, … ,2𝑚 + 𝑛 − 1} as follows. 
Case 1: If 𝑛 is odd, then 

 𝑓(𝑣𝑖) = {
𝑖−1

2
,          𝑖 = 1,3,5, … , 𝑛

2𝑚+2𝑛−𝑖
2

, 𝑖 = 2,4,6, … , 𝑛 − 1. .
 

 𝑓(𝑢𝑗) = 𝑞 − (𝑗 − 1), 𝑗 = 1,2,3, … , 𝑚. 
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Case 2: If 𝑛 is even, then 

 𝑓(𝑣𝑖) = {
𝑖−1

2
,          𝑖 = 1,3,5, … , 𝑛 − 1

2𝑚+2𝑛−𝑖
2

, 𝑖 = 2,4,6, … , 𝑛.
 

 𝑓(𝑢𝑗) = 𝑞 − (𝑗 − 1), 𝑗 = 1,2,3, … , 𝑚. 

Clearly 𝑓 is an injective.  
Next consider the induced function 𝑓∗: 𝐸( 𝑃𝑛 ⨁ 𝐾2,𝑚) → {1,2,3, … , 2𝑚 + 𝑛 − 1}. 
 𝑓∗(𝑣1𝑢𝑗) = 𝑞 − (𝑗 − 1), 𝑗 = 1,2,3, … , 𝑚.    
                     {𝑓∗(𝑣1𝑢𝑗)| 𝑗 = 1,2,3, … , 𝑚} = {2𝑚 + 𝑛 − 1, 2𝑚 + 𝑛 − 2, . . . , 𝑚 + 𝑛}. 
 𝑓∗(𝑣2𝑢𝑗)  = 𝑚 − (𝑗 − 1), 𝑗 = 1,2,3, … , 𝑚.                 
                        {𝑓∗(𝑣2𝑢𝑗)|  𝑗 = 1,2,3, … , 𝑚} = {𝑚, 𝑚 − 1, 𝑚 − 2, … ,1}.  
 𝑓∗(𝑣𝑖𝑣𝑖+1) = 𝑚 + 𝑛 − 𝑖, 𝑖 = 1,2,3, … , 𝑛 − 1.                            
                     {𝑓∗(𝑣𝑖𝑣𝑖+1) |𝑖 = 1,2,3, … , 𝑛 − 1} = {𝑚 + 𝑛 − 1, 𝑚 + 𝑛 − 2, … , 𝑚 + 1}. 
Thus 
          {𝑓∗ (𝐸( 𝑃𝑛 ⨁ 𝐾2,𝑚))} = {𝑓∗(𝑣2𝑢𝑗)|𝑗 = 1,2,3, … , 𝑚} 
                                                          ∪ {𝑓∗(𝑣𝑖𝑣𝑖+1)|𝑖 = 1,2,3, … , 𝑛 − 1} 
                                                   ∪ {𝑓∗(𝑣1𝑢𝑗)|𝑗 = 1,2,3, … , 𝑚} 
                           = {1,2,3, … ,2𝑚 + 𝑛 − 1}. 
It is obvious that 𝑓∗ is a bijective. Then  𝑃𝑛 ⨁ 𝐾2,𝑚 is the graceful graph.          

The graceful graph 𝑃4⨁𝐾2,2  shown in Figure 5.   

 
Figure 5. 

 (Leave a blank line before and after Tables.) 
Conclusion:  
Motivated by the recent work of graceful labeling, we introduced the graceful labeling of the 
bistar graph, the graph obtained by duplication a vertex of a bistar graph 𝐵𝑛,𝑛 by a new edge 
and the graph obtained by the ring sum of the path 𝑃𝑛 and the complete bipartite graph 𝐾2,𝑚. 

 (Leave a blank line between sections.) 
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Abstract :  
 

A policy of water provision for the rural population in Thailand has effected in dental 
fluorosis all over the country. The 14% of the total deep wells dug to serve as new water sources 
has excessed fluoride concentration in drinking water. Fluoride excessive intake may result in 
several adverse health effects. The first sign of fluoride toxicity is dental fluorosis.  Some areas 
in northern part of Thailand, fluoride concentrations in public water sources are higher than 
10.0 mg/l. The objective of this study was to record water consumption and dental fluorosis 
among children who live in high fluoride areas in northern part of Thailand by geographic 
information technology. This study was carried out in 2021-2022. The subjects (n=537) were 
all the school children in aged 6–12 years that high fluoride areas in Chiangmai, Lamphun, 
Lampang and Phayao provinces. Samples of drinking water were collected and their fluoride 
concentration determined using the standard method. The results showed that 77.7% of the 
subjects consume bottled water and 13.6% from piped water. Unsafe water was drunk by 27.9% 
of the subjects. The village waterworks at Muang district, Lamphun province had the highest 
fluoride concentration of 14.0 mg/l. The prevalence of dental fluorosis (moderate-severe) in 
the children was 11.3% also in Lamphun province. Fluoride mapping is 
https://sites.google.com/view/fluoridemapping/home. There are many approaches or methods 
to solve the problem of high fluoride in drinking water, such as reverse osmosis technology, 
replacement of water sources with new ones and join another water system in other town or 
region. When piped water was provided by the government, people always considered it to be 
safe. Piped water is convenient to use clean and clear. However, it must be safe and not contain 
excessive fluoride concentration. Thailand needs a law to ensure that only safe water can enter 
the piped water system. In addition, the routine surveillance of water quality is also important.  
  
Introduction :  
 

Naturally occurring high fluoride levels in groundwater is a complicated issue for 
drinking water providers in many regions of the world1. Fluorides in small quantities have a 
practical role in the protection against dental caries. However, its excessive intake may result 
in several adverse health effects. The first sign of fluoride toxicity is dental fluorosis. The risk 
of dental fluorosis is mainly related to the systemic consumption of fluorides during the first 
six years of age2. Enamel fluorosis is a mottling of the tooth surface that is attributed to fluoride 
exposure during tooth formation. The process of enamel maturation consists of an increase in 
mineralization within the developing tooth and concurrent loss of early-secreted matrix 
proteins. Exposure to fluoride during maturation causes a dose-related disruption of enamel 
mineralization resulting in widening gaps in its crystalline structure, excessive retention of 
enamel proteins, and increased porosity3. 
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The severity of dental fluorosis is also dependent upon fluoride dose and the timing and 
duration of fluoride exposure Besides dental fluorosis, chronic excessive consumption of 
fluoride may lead to skeletal fluorosis and hip fractures among the elderly4.          

A well-intentioned policy of water provision for the rural population in Thailand has 
resulted in bringing a developmental disturbance of dental enamel, dental fluorosis, to over 
8,500 communities all over the country. This has involved approximately 14% of the total deep 
wells dug to serve as new water sources during 1981–1990, a period known as the International 
Drinking Water Supply and Sanitation Decade.  

Dental Fluorosis in Thailand occurs in specific locations scattered from north to south. 
People who live in these locations have lived with the fluorosis problem for generations. The 
nature of this problem differs from one locality to another in terms of severity, geographic 
location, fluoride concentration, socio-economic and culture dimensions. There are several 
regions in Thailand with fluoride concentration in public water supplies higher than 10.0 mg/l. 
The objective of this study was to record water consumption and dental fluorosis among 
children who live in high fluoride areas in northern part of Thailand by geographic information 
technology. 
Methodology :  
 

This study was conducted in 2021-2022. This study used purposive sampling.                
The subjects (n=537) were all the school children in aged 6–12 years who live in areas with 
fluoride concentration higher than 0.70 mg/l in Chiangmai, Lamphun, Lampang and Phayao 
provinces. Samples of drinking water were collected and their fluoride concentration. They 
were collected and their fluoride concentration determined using the standard method and 
analyzed the concentration of fluoride with the Ion Selective Electrode (ISE) method and using 
an ORION model 4 star at laboratory of ICOH.  

A total of 537 school children were screened for dental fluorosis. Classification and 
was carried out by a dentist. The presence and severity of dental fluorosis was recorded using 
Dean’s Index in affected and non-affected area school children. Based on the symptoms, dental 
fluorosis was classified into 6 categories.   
 
Dean’s Index Criteria5   

Criteria Definition 
0 = Normal Enamel surface is smooth, glossy and usually a pale creamy white color.   

1 = Questionable The enamel shows slight aberrations in the translucent normal enamel and 
which may range from a few white flecks to occasional spots 
 

2 = Very Mild Small, opaque, paper-white areas scattered irregularly over the tooth but 
involving less than 25% of the labial tooth surface 
 

 3 = Mild White opacities of the enamel involving more than 25%  but less than 50% 
of the tooth surface 
 

4 = Moderate The enamel surfaces show marked wear, and brown staining is frequently 
a disfiguring feature 
 

5 = Severe The enamel surfaces are severely affected and the hypoplasia is so marked 
that the general form of the tooth may be affected. There are pitted or worn 
areas and brown stains are widespread; the teeth often have a corroded 
appearance 
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Inclusion Criteria : 

- Children aged 6-12 years who were born and live in this areas  
- Without ever moving in or moving out of the area 
- Thai Nationality 
- Volunteered to participate in the research 

 
Exclusion Criteria : 

- A congenital disability and wearers of prosthetic limbs 
- People with neurological problems 
 

   
Statistical analysis : 

All statistical analysis will be performed by using computer program. The data were 
analyzed statistically; number, percentage, mean, standard deviation. 
 
 
Results and Discussion : 
 
Table1 Number and percentage of drinking water by province and source of water    

Source of water Province 
Lamphun Chiangmai Lampang Phayao 

bottled water 150(73.9) 142(85.0) 67(74.4) 59(77.6) 
piped water 32(15.8) 16(9.6) 19(21.1) 6(7.9) 
vending machine 12(5.9) 9(5.4) - - 
rain water 6(3.0) - - 10(13.2) 
shallow well water - - 2(2.2) - 
ground water 3(1.5) - 2(2.2) 1(1.3) 

Total 203 167 90 76 
 
Table2 Number and percentage of drinking water and fluoride concentration(mg/l)  

Province 
 

Drinking water 
F≤0.70 (mg/l) F>0.70 (mg/l) min-max (mg/l) 

Lumphun 144(75.4) 47(24.6) 0.10-14.0 
Chiangmai  104(62.3) 63(37.7) 0.10-6.74 
Lampang  54(60.0) 36(40.0) 0.10-10.8 
Phayao 76(100) - 0.10-0.70 

Total 378(72.1) 146(27.9) 0.10-14.0 
 

The results showed that 77.7% of the subjects consume bottled water and 13.6% from 
piped water. Unsafe water was drunk by 27.9% of the subjects. The main sources of public 
water were from village tap water and waterworks, and fluoride concentration were between 
0.10-14.0 mg/l. Lamphun province had the highest fluoride concentration of 14.0 mg/l.            
 

630



 

 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

 
Table 3 Number and percentage of severity of dental fluorosis by province 

province N number   
of 

normal 
teeth 

questionable very 
mild 

 

mild 
 

moderate 
 

severe 

Lumphun 204 121(59.3) 25(12.3) 21(10.3) 14(6.9) 9(4.4) 14(6.9) 
Chiangmai 167 141(84.4) 5(3.0) 10(6.0) 5(3.0) - 6(3.6) 
Lampang 90 55(61.1) 13(14.4) 7(7.8) 7(7.8) 5(5.6) 3(3.3) 
Phayao 76 69(90.8) 3(3.9) 1(1.3) 2(2.6) - 1(1.3) 

Total 537 386(71.9) 46(8.6) 39(7.3) 28(5.2) 14(2.6) 24(4.5) 
 
 

 
 

Figure1. Percentage of severity of dental fluorosis by province 
 
 The prevalence of dental fluorosis in children  was 28.1%. The distribution of these 
severity in the province of  Lamphun, Lampang, Chiangmai  , Phayao   was 40.7%,  38.9 % 
15.6 % and 9.2% respectively. When classified by severity, it was found that Lamphun  had 
the most severe level of dental fluorosis at 6.9%. The enamel surfaces are affected and 
hypoplasia is so marked that the general form of the tooth may be affected. The major 
diagnostic sign of this classification is discrete or confluent pitting. Brown stains are 
widespread and teeth often present a corroded-like appearance.   
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Figure2. Fluoride Mapping (https://sites.google.com/view/fluoridemapping/home) 
 
Conclusion :  
 

This study suggests that dental fluorosis is a public health problem. Excessive intake of 
fluoride during enamel development can lead to enamel fluorosis, a condition of the dental hard 
tissues in which the enamel covering of the teeth fails to crystallize properly, leading to defects 
that range from barely discernable markings to brown stains and surface pitting. 

The villages water contained fluoride concentration more than standard (fluoride 
standard in Thailand ≤ 0.70 mg/l) and need to be removed fluoride or else alternative sources 
of drinking water provided for the community. A sustainable solution to the problem of fluoride 
contamination in drinking water is to change the drinking water source is as follow ; reverse 
osmosis technology, replacement of water sources with new ones and join another water system 
in other town or region. 

Although drinking water is the main source of fluoride intake, fluoride intake from 
foods could also be high, depending on cooking methods. Soaking and boiling foods in fluoride 
containing water increases fluoride intake.  Therefore, it is necessary to re-evaluate the fluoride 
intake from food and drinking water considering the methods used for cooking food in each 
country and region6. 

When piped water was provided by the government, people always considered it to be 
safe. It is convenient to use, clean, clear, and never causes diarrhea. However, it must be safe 
and not contain excessive fluoride concentration. Thailand needs a law to ensure that only safe 
water can enter the piped water system. Adequate information and recommendations help 
people themselves to make informed decisions and regulate health risks from drinking water. 
Strategic plans and public awareness campaigns on fluorides in drinking water and health 
impact should be implemented. In addition, the routine surveillance of water quality is also 
important.  
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Abstract:  
Let 𝐺 be the simple connected graph. The center coloring of the graph 𝐺 is an assignment of 
colors to each vertex of  𝐺, such that different distance vertices from the center are assigned 
different colors. The center coloring number of the graph 𝐺, denote 𝐶𝑐(𝐺), i s  t he minimum 
number of colors required for the center coloring of 𝐺. In this paper we investigate on the center 
coloring number of the new graph obtained by the corona product operation of the path  𝑃𝑛 and 
the path 𝑃𝑚.   

(Leave a blank line between sections.) 
Introduction:  
Let 𝐺 be the graph with a nonempty vertex set 𝑉(𝐺) and an edge set 𝐸(𝐺). The elements of  
𝑉(𝐺)  are called vertices and the elements of  𝐸(𝐺)  are called edges. The endpoints of an 
edge is the set of two vertices connects to each edge. The vertices are in the endpoint of each 
edge are called incident with the edge. The vertices which are incident with a common edge 
are adjacent. A simple graph 𝐺  is a graph with each edge in 𝐸(𝐺) connects two distinct 
vertices in 𝑉(𝐺). A path 𝑣0 − 𝑣𝑘 in a graph 𝐺 is an alternating sequence of vertices and edges  

𝑣0𝑒1𝑣1𝑒2 … 𝑒𝑘𝑣𝑘, 
such that 𝑒𝑖 = 𝑣𝑖−1𝑣𝑖 and the vertices in a sequence are distinct. The graph 𝐺 is connected if 
for every pair of a vertex 𝑢 and a vertex 𝑣, there is a path from a vertex 𝑢 to a vertex 𝑣. The 
length of the path in the graph 𝐺 is the number of edge-steps in the path. The distance 𝑑(𝑢, 𝑣) 
from a vertex 𝑢  to a vertex 𝑣  in the graph 𝐺  is the length of the shortest 𝑢 − 𝑣  path. The 
eccentricity of a vertex 𝑣 in the graph 𝐺, denote by 𝑒(𝑣), is the distance from 𝑣  to a vertex 
farthest from 𝑣. That is  

𝑒(𝑣) = max
𝑢∈𝑉(𝐺)

{𝑑(𝑢, 𝑣)}.   

The graph 𝐺 with the eccentricity of every vertices shown in Figure 1. 
 

            
Figure 1.  

 
The radius of the graph G, denoted 𝑟𝑎𝑑(𝐺), is the minimum of the vertex eccentricities. That 
is  

𝑟𝑎𝑑(𝐺) = min
𝑣∈𝑉(𝐺)

{𝑒(𝑣)}. 
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A central vertex 𝑣   of the graph 𝐺  is a vertex with minimum eccentricity. Thus, 𝑒(𝑣) =

𝑟𝑎𝑑(𝐺). A central vertex of a graph 𝐺 in Figure 1 is a vertex 𝑑, shown in Figure 2. 

 
  Figure 2.  

 
The center of the graph 𝐺 is the subgraph induced by the set of central vertices of 𝐺. The graph 
is self-centered if every vertex is in the center. For more detail, the reader can see in Buckley 
and Harary1, Gross and Yellen2 and Bondy and Murty3. In 2015 Yorgancioglu et al.4 was 
introduced the center coloring of the graph 𝐺. The center coloring of the graph 𝐺 is an 
assignment of colors to each vertex of  𝐺, such that different distance vertices from the center 
are assigned different colors. The center coloring number of a graph 𝐺, denote 𝐶𝑐(𝐺), is the 
minimum number of colors required for the center coloring of 𝐺. In 2018 Yorgancioglu et al.5 
has shown the relation between the center coloring and the other colorings. Yorgancioglu and 
Dündar6 observed the behavior of the center coloring of the graph obtained by some graph 
operations. The Corona Product graph 𝐺 ∘ 𝐻 is defined as the graph obtained from the graph 
𝐺 and the graph 𝐻 by taking one copy of 𝐺 and |𝑉(𝐺)|  copies of  𝐻 and then joining by an 
edge such that each vertex of the ith vertex of 𝐺 to every vertex in the ith copy of  𝐻. The corona 
product graph 𝑃3 ∘ 𝑃2 and 𝑃2 ∘ 𝑃3 shown in Figure 3.   

                                             
        

                        

 
 
 
 
 
 
 
 

  Figure 3.  
 

In this study, we consider the center coloring of the corona product graph 𝑃𝑛 ∘ 𝑃𝑚 and we get 
center coloring number of the new graph 𝐶𝑐(𝑃𝑛 ∘ 𝑃𝑚).  

(Leave a blank line between sections.) 
Methodology:  
Studying on the center coloring of the new simple connected graph. The new graph 𝑃𝑛 ∘ 𝑃𝑚 
obtained by the corona product of the path 𝑃𝑛 and 𝑛 copy of the path 𝑃𝑚. Finding the center 

𝑃3 ∘ 𝑃2 𝑃3 𝑃2 

𝑃3 𝑃2 𝑃2 ∘ 𝑃3 
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coloring number of the new graph 𝑃𝑛 ∘ 𝑃𝑚. Establishing the new theorem of the center coloring 
number. Figure 4. shows the center coloring number of 𝑃𝑛 and 𝑃𝑛 ∘ 𝑃2 where 𝑛 = 3,5,7.  

 

 

 

 

 

 

 

      

                                                                              

                                                                                                                 

 

 

                                                                                                     

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Figure 4.  

𝐶𝑐(𝑃3 ∘ 𝑃2) = 3 

   

𝐶𝑐(𝑃3) = 2 

𝐶𝑐(𝑃5) = 3 

𝐶𝑐(𝑃7) = 4 

𝐶𝑐(𝑃7 ∘ 𝑃2) = 5 

𝐶𝑐(𝑃5 ∘ 𝑃2) = 4 
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Figure 5. shows the center coloring number of  𝑃𝑛 ∘ 𝑃2 where 𝑛 = 4,6,8.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

       

             

                                                                      

 

Figure 5. 

 

 

 

𝐶𝑐(𝑃8 ∘ 𝑃2) = 5 

𝐶𝑐(𝑃8) = 4 

𝐶𝑐(𝑃6) = 3 

𝐶𝑐(𝑃6 ∘ 𝑃2) = 4 

𝐶𝑐(𝑃4 ∘ 𝑃2) = 3 

𝐶𝑐(𝑃4) = 2 
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Figure 6. shows the center coloring number of 𝑃2 and  𝑃2 ∘ 𝑃𝑛 where 𝑛 = 2,3,4,5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. 

(Leave a blank line between sections.) 
Results and Discussion:  
Theorem Let  𝑃𝑛 be the path with 𝑛 vertices and 𝑃𝑚 be the path with 𝑚 vertices. The center 
coloring number of the corona product graph 𝑃𝑛 ∘ 𝑃𝑚 is 

𝐶𝑐(𝑃𝑛 ∘ 𝑃𝑚) = ⌈ 
𝑛
2

⌉ + 1. 

Proof. Let 𝑃𝑛 be the path with 𝑛 vertices and 𝑃𝑚 be the path with 𝑚 vertices. Let 
𝑣1, 𝑣2, 𝑣3, … , 𝑣𝑛  be the successive vertices of 𝑃𝑛 and 𝑢1

𝑖 , 𝑢2
𝑖 , 𝑢3

𝑖 , … , 𝑢𝑚
𝑖  be the successive 

vertices of the ith copy of  𝑃𝑚. Let 𝑃𝑛 ∘ 𝑃𝑚 be the corona product graph with 𝑛 + 𝑚𝑛 vertices. 
If 𝑛 is odd, then the center of the path 𝑃𝑛 is a single vertex 𝑣𝑛+1

2
 and 𝑒(𝑣𝑛+1

2
) = 𝑛−1

2
. 

So  
𝑑 (𝑣𝑛+1

2
, 𝑣1) = 𝑑 (𝑣𝑛+1

2
, 𝑣𝑛) = 𝑛−1

2
, 

where 𝑣1 and 𝑣𝑛 are vertices in 𝑃𝑛. The distance 𝑑 (𝑣𝑛+1
2

, 𝑣1) and 𝑑 (𝑣𝑛+1
2

, 𝑛) are the maximum 

distance from the center to any vertices in a path 𝑃𝑛. Hence, 𝑛−1
2

  colors are needed for 𝑛 − 1 
vertices: 𝑣1, 𝑣2, 𝑣3, … , 𝑣𝑛+1

2 −1, 𝑣𝑛+1
2 +1, … , 𝑣𝑛 and one color is needed for central vertex 𝑣𝑛+1

2
. 

Then 𝐶𝑐(𝑃𝑛) = 𝑛−1
2

+ 1 = ⌈ 𝑛
2

 ⌉. 

𝐶𝑐(𝑃2 ∘ 𝑃2) = 2 𝐶𝑐(𝑃2 ∘ 𝑃3) = 2 

𝐶𝑐(𝑃2 ∘ 𝑃5) = 2 

𝐶𝑐(𝑃2) = 1 

𝐶𝑐(𝑃2 ∘ 𝑃4) = 2 
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Consider the corona product graph 𝑃𝑛 ∘ 𝑃𝑚. We have the center vertex of the corona 
product graph 𝑃𝑛 ∘ 𝑃𝑚 is a single vertex 𝑣𝑛+1

2
.  

So  
𝑑 (𝑣𝑛+1

2
, 𝑣1) = 𝑑 (𝑣𝑛+1

2
, 𝑣𝑛) = 𝑛−1

2
, 

where 𝑣1 and 𝑣𝑛 are vertices in 𝑃𝑛 ∘ 𝑃𝑚. For the vertices 𝑢1
1, 𝑢2

1, 𝑢3
1, … , 𝑢𝑚

1  adjacent to 𝑣1 and 

the vertices 𝑢1
𝑛, 𝑢2

𝑛, 𝑢3
𝑛, … , 𝑢𝑚

𝑛  are adjacent to 𝑣𝑛 . We have  

𝑑 (𝑣𝑛+1
2

, 𝑢1
1) = 𝑑 (𝑣𝑛+1

2
, 𝑢2

1 ) = ⋯ = 𝑑 (𝑣𝑛+1
2

, 𝑢𝑚
1  ) = 𝑛−1

2
+ 1 = ⌈ 𝑛

2
 ⌉, 

and 
𝑑 (𝑣𝑛+1

2
, 𝑢1

𝑛) = 𝑑 (𝑣𝑛+1
2

, 𝑢2
𝑛 ) = ⋯ = 𝑑 (𝑣𝑛+1

2
, 𝑢𝑚

𝑛  ) = 𝑛−1
2

+ 1 = ⌈ 𝑛
2
 ⌉. 

T h e  d i s t a n c e  𝑑 (𝑣𝑛+1
2

, 𝑢𝑗
1) , 𝑗 = 1,2,3, … , 𝑚 a n d  𝑑 (𝑣𝑛+1

2
, 𝑢𝑗

𝑛) , 𝑗 = 1,2,3, … , 𝑚 a r e  the 

maximum distance from the center to any vertices in the corona product graph 𝑃𝑛 ∘ 𝑃𝑚. Hence, 
𝑛−1

2
+ 1  colors are needed for 𝑛 + 𝑚𝑛 − 1 vertices and one color is needed for central vertex 

𝑣𝑛+1
2

. Then 

𝐶𝑐(𝑃𝑛 ∘ 𝑃2) = 𝑛−1
2

+ 1 + 1 = ⌈ 𝑛
2
 ⌉ + 1. 

If 𝑛 is even, then the center of the path 𝑃𝑛 are two vertices 𝑣𝑛
2
 and 𝑣𝑛

2+1. Since 

𝑒(𝑣𝑛
2
) = 𝑒(𝑣𝑛

2+1) = 𝑛
2
.  

So 
𝑑 (𝑣𝑛

2
, 𝑣1) = 𝑑 (𝑣𝑛

2+1, 𝑣𝑛) = 𝑛
2

− 1, 

where 𝑣1 and 𝑣𝑛 are vertices in 𝑃𝑛. The distance 𝑑 (𝑣𝑛
2
, 𝑣1) and 𝑑 (𝑣𝑛

2+1, 𝑣𝑛) are the maximum 

distance from the center to any vertices in a path 𝑃𝑛. Hence, 𝑛
2

− 1  colors are needed for 𝑛 − 2 
vertices: 𝑣1, 𝑣2, 𝑣3, … , 𝑣𝑛

2−1, 𝑣𝑛
,2+2, … , 𝑣𝑛 and one color is needed for the central vertices 𝑣𝑛

2
 and 

𝑣𝑛
2+1. Then 𝐶𝑐(𝑃𝑛) = 𝑛

2
− 1 + 1 = 𝑛

2
= ⌈ 𝑛

2
 ⌉. 

Consider the corona product graph 𝑃𝑛 ∘ 𝑃𝑚. We have the center of the corona product 
graph 𝑃𝑛 ∘ 𝑃𝑚 are two vertices 𝑣𝑛

2
 and 𝑣𝑛

2+1.  
So 

𝑑 (𝑣𝑛
2
, 𝑣1) = 𝑑 (𝑣𝑛

2+1, 𝑣𝑛) = 𝑛
2

− 1, 

where 𝑣1 and 𝑣𝑛 are vertices in 𝑃𝑛 ∘ 𝑃𝑚. For the vertices 𝑢1
1, 𝑢2

1, 𝑢3
1, … , 𝑢𝑚

1  adjacent to 𝑣1 and 

the vertices 𝑢1
𝑛, 𝑢2

𝑛, 𝑢3
𝑛, … , 𝑢𝑚

𝑛  are adjacent to 𝑣𝑛 . We have 

𝑑 (𝑣𝑛
2
, 𝑢1

1) = 𝑑 (𝑣𝑛
2
, 𝑢2

1 ) = ⋯ = 𝑑 (𝑣𝑛
2
, 𝑢𝑚

1  ) = 𝑛
2

− 1 + 1 = 𝑛
2
, 

and 
𝑑 (𝑣𝑛

2+1, 𝑢1
𝑛) = 𝑑 (𝑣𝑛

2+1, 𝑢2
𝑛 ) = ⋯ = 𝑑 (𝑣𝑛

2+1, 𝑢𝑚
𝑛  ) = 𝑛

2
− 1 + 1 = 𝑛

2
. 

Hence 𝑛
2
  colors are needed for 𝑛 + 𝑚𝑛 − 2 vertices and one color is needed for the central 

vertices 𝑣𝑛
2
 and 𝑣𝑛

2+1. Then  
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𝐶𝑐(𝑃𝑛 ∘ 𝑃𝑚) = 𝑛
2

+ 1 = ⌈ 𝑛
2
 ⌉ + 1. 

 (Leave a blank line before and after Tables.) 
Conclusion:  
In the paper, we have proved the center coloring number of the graph 𝑃𝑛 ∘ 𝑃𝑚 obtained by the 
corona product of the path 𝑃𝑛 and 𝑛 copy of the paths 𝑃𝑚.  

(Leave a blank line between sections.) 
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Abstract:  
The removal of H2S contained in biogas was studied using biomass power plant ash as 

an adsorbent. Firstly, the physiochemical properties of adsorbents were determined. The 
moisture content was found to be 3.25 ± 0.06%. The pH value was 9.19 ± 0.72. The iodine 
adsorption was 271.25 ± 2.54 mg/g. The BET surface was estimated to be 10.9 m2/g. 
Secondly, the adsorption efficiency of biomass power plant ash adsorbent for removing H2S 
from biogas was investigated at different pallet sizes: 1.00 cm and 1.50 cm of diameter.  The 
experiment was performed in a pack-column at the initial concentration of H2S of 1000 ppm, 
10 g of adsorbent and flowrate of biogas of 500 mL/min. The breakthrough capacity of 
adsorbent was estimated to be 7.57 mg/g and 6.05 mg/g for 1.00 cm and 1.50 cm of diameter, 
respectively. Biomass power plant ash could be a good alternative adsorbent for removing 
H2S contained in biogas and further treatment of biomass power plant ash could increase its 
adsorption capacity.  

 
Introduction:  

Biogas, one of promising alternative energies, mainly consists of methane (CH4), 
carbon dioxide (CO2) and trace amounts of other gases such as hydrogen sulfide (H2S), 
ammonia (NH3) and carbon monoxide (CO). The presence of elevated concentrations of H2S 
in biogas is problematic because of its highly corrosiveness and toxicity as well as its serious 
environmental concerns. Many processes have been studied and applied in order to remove 
H2S from biogas. The adsorption process1 is a one promising technology owning to its low 
cost operation and uncomplicated utilization and maintenance. Adsorbent type is an 
important factor affecting on the efficiency of process. Many works focused on agricultural 
and industrial wastes or by-products2-5.  

According to the current situation of biomass power plants in Thailand, most biomass 
power plants use natural rubber woods as feedstocks, which produces a large amount of 
biomass ash in the process of power generation. Biomass ashes are landfilled so their 
recycling is important from environmental and economic viewpoints. One innovative and 
environmentally friendly application for biomass ashes is its use as an alternative adsorbent. 
Many researches focused on the development of biomass ash for the water pollution 
treatments such as for removing methylene blue6, phosphate7, zinc8 and Cadmium9. Few 
works in the open literature focused on the application of biomass ash for the biogas 
cleaning10. However, no works investigated the removal of hydrogen sulfide from real 
biogas.     

In this work, the adsorption capacity of biomass power plant ash adsorbent was 
studied in order to remove H2S from biogas. Firstly, physical and chemical properties of 
adsorbent were investigated for evaluating its adsorption ability. Secondly, the adsorption 
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efficiency of adsorbent was studied. Finally, morphological characteristics of adsorbent 
before and after adsorption were compared for assuring the H2S adsorption. 

 
Methodology:  
1. Materials 

Biomass power plant ash used in this study was collected from APK green 
engineering company, Hat-Yai district, Songkhla province, Thailand. Ash sample was dried 
at 105ºC for 24 hours in an oven. Then it was extruded in a spherical form of 0.5, 1.0 cm and 
1.5 cm of diameter using starch paste as a binder. A ratio between ash sample and starch 
paste was 10:1. Raw biogas used in this work was produced by anaerobic digestion of organic 
domestic wastes using an anaerobic digestion system. Composition of raw biogas was strictly 
controlled at 59.4% of CH4, 36.5% of CO2 and 1000 ppm H2S. 

 
2. Physicochemical properties of adsorbents 
 The determination of physicochemical properties of ash adsorbent was performed 
using standard procedures. Moisture content was determined by heating 1 gram of sample at 
105 ºC for 2 hours. pH value was determined by mixing 1 gram of dry biochar powder and 10 
ml of deionized water. The suspension was then stirred to reach equilibrium using a magnetic 
stirrer for 30 min and was then filtered. Finally, the pH value of the solution was measured 
using a AS218 digital pH meter. The iodine number is the mass of iodine in grams that is 
consumed by 100 grams of a substance. The iodine number was determined according to the 
ASTM-D 4607-94 standard procedure.  
 
3. Adsorption experiments 

The removal efficiency of ash adsorbents was carried out by packing 10 gram of 
adsorbent material in an acrylic column (an internal diameter of 2.50 cm and the length of 
40.00 cm). Two different pallet sizes of adsorbent were studied (1.00 cm and 1.50 cm of 
diameter). The configuration consists of a gas inlet, gas inlet sampling, gas outlet and gas 
outlet sampling. The gas inlet of packed-column was connected to the biogas production 
system. The experimental setup was presented in Fig. 1.  
 
 
 
 
 
 
 
      
 
 
 
 
 
 
 
The adsorption process was carried out at room temperature and pressure. The biogas 
flowrate was kept at 500 mL/min. The biogas composition was analyzed before and after 
adsorption process using gas chromatography (Gas data FM130) every 5 minutes for 1 hour. 
The adsorption percentage was calculated using the following equation (1). 

(7)  V-6 

V-5 
(5) (2) (1) 

(3) 

V-1 

(4) 

V-2 V-3 

V-4 (6) 

Figure 1 The experimental set-up for hydrogen sulfide removal: (1), biogas; (2), 
pump; (3), moisture filter; (4), flowmeter; (5), biochar columns; (6), gas 

chromatography mobile; (7), Biogas outlet; V, valve. 
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Where Ct is the concentration of adsorbate at time t and C0 is the initial concentration of the 
adsorbate. A breakthrough curve was established from C/C0 and time. A comparison of H2S 
breakthrough curve (C/C0 versus time) at different conditions of adsorption provides 
information about the optimal adsorption condition. The breakthrough capacity at 5% was 
calculated using the following equation (2). 
 

 
 
Where Ct is the concentration of adsorbate at time t and C0 is the initial concentration of the 
adsorbate, t is time, Qf is flowrate of biogas and mc is mass of ash adsorbent. 
 
Results and Discussion:  
1. Physical and chemical properties of adsorbents 

In order to evaluate the adsorption ability of power plant biomass ash, its physical and 
chemical properties were determined and are listed in Table 1. The moisture content of ash 
adsorbent found in this work (3.25 ± 0.06%) was lower than that investigated by Gorbounov 
et al.11 (9%). The moisture content indicates an affinity between the adsorbent surface and 
water. An appropriated amount of moisture promotes the ionization of H2S to produce HS- on 
the surface of the adsorbent. But high moisture content can reduce the adsorption efficiency 
of the adsorbent by forming a water film on its surface.  

Iodine number is a fundamental parameter used to characterize the adsorbent 
performance. Iodine number of biomass ash was observed to be 271.25 ± 2.54 mg/g. 
According to the investigation of Ekpete et al.12, the higher the iodine number, the greater is 
the sorption capacity. For activated carbons, the iodine number value varies in the range of 
500.00 – 1200.00 mg/g.  
 
Table 1 Physical and chemical properties of power plant biomass ash studied in this work. 

Physical and chemical properties Ash adsorbent 

Moisture content (%) 3.25 ± 0.06 

pH 9.19 ± 0.72 

BET Surface (m2/g) 10.9 

Iodine number (mg/g) 271.25 ± 2.54 

 
The pH is another important parameter which influences the H2S adsorption 

efficiency. The pH value of biomass ash was found to be 9.19 ± 0.72. According to Shang et 
al.13, the pH values greater than 7.0 make the alkaline surface which is conducive to H2S 
adsorption since H2S is an acidic gas. Therefore, a highly basic adsorbent provides high 
adsorption capacity. 

The BET surface of biomass ash was found to be 10.9 m2/g. Generally, adsorbent 
with high BET surface provide high adsorption efficiency. The relatively low surface areas 
observed for our sample were probably due to the nature of biomass ash, making it 
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unconducive for removing H2S. For increasing the BET surface area of such an adsorbent, the 
modification of some functional group on the surface could be a promising method.    

 
2. Adsorption capacity  

The adsorption capacity of biomass power plant ash adsorbent was studied in order to 
evaluate its potential to remove H2S from biogas, at 2 different pallet sizes: 1.00 cm and 1.50 
cm of diameter. The biogas composition analysis was carried out using the GM 406 biogas 
analyzer every 5 min for 2 h. The H2S breakthrough curves of ash adsorbent with pallet sizes 
of 1.00 cm and 1.50 cm of diameter are presented in Figure 2.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Breakthrough curves represent the time profile for saturation of a given amount of adsorbent. 
The smaller pellet size adsorbent (1.00 cm) showed slowly higher removal efficiency than the 
larger pellet size adsorbent (1.50 cm). The results found in this work agree well with the 
investigation of Thanakulpisit et al. who investigated efficiency of soy-bean based ink for 
removing H2S from biogas. The breakthrough capacity of 1.00 cm and 1.50 cm of diameter 
were calculated to be 7.57 mg/g and 6.05 mg/g, respectively. Breakthrough capacity found in 
this study were slowly lower when compared to the breakthrough capacity of commercial 
activated carbon (13.76 mg/g) reported in the open literature15. A decrease in the pellet size 
leads to an increase in the surface area, therefore, increasing adsorptive site of the adsorbent 
and providing a greater number of adsorption sites for H2S.  
 
Conclusion: 

In this work, the adsorption capacity of biomass power plant ash adsorbent was 
studied in order to remove H2S from biogas. Physical and chemical properties of adsorbents 
were determined. The biomass ash adsorbent shown moisture content of 3.25  ± 0 .06%, pH 
value of 9.19 ± 0.72, BET surface of 10.9 m2/g and iodine number of 271.25 ± 2.54 mg/g.  
The H2S adsorption efficiency of biomass ash was investigated at 2 different pallet sizes 
(1.00 cm and 1.50 cm of diameter). The smaller pallet size shown slightly higher adsorption 
capacity owning to its larger surface. The breakthrough capacity of ash adsorbents of 1.00 cm 
and 1.50 cm of diameter were estimated to be 7.57 mg/g and 6.05 mg/g, respectively. This 

Figure 2 H2S breakthrough curves for biomass power plant ash adsprbents of 
different pallet sizes : (Δ) : 1.00 cm of diameter and (Δ) : 1.50 cm of diameter 
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could assure the ability of biomass power plant ash adsorbent for removing H2S contained in 
biogas.  
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Abstract:  
Antibiotic pollution in water is an urgent environmental issue, particularly antimicrobial 
resistance concerning.  One of the important sources of antibiotic contamination is hospital 
wastewater. Amoxycillin (AMX) is one of the most detected in effluent treatment plants due 
to a typically consumed antibiotic in medical treatments. Among treatment technologies, 
adsorption is considered a simple operation, relatively inexpensive cost, and highly efficient 
process. In this study, we were concerned about ecologically scalable and real practical uses 
so a simple modification of granular activated carbon with NaOH was proposed. The NaOH-
modified GAC (GAC-N) presented a change in surface porosity and increasing small 
micropore structure.  A more negatively charged surface of GAC-N over a wider pH range as 
compared to GAC was observed resulting from the addition of carbonyl and hydroxyl groups 
on the aromatic skeleton. The AMX adsorption capacity was investigated by batch 
experiments indicating a match well with the Langmuir isotherm and the pseudo-second-
order kinetic model. The maximum AMX adsorption capacity of GAC-N was 121 mg g-1. 
Several mechanisms including hydrogen bonding, p-p interaction, and electrostatic 
interaction involved in AMX adsorption on GAC-N. This work provided a simple and 
practical process for an improvement of AMX adsorption capacity by surface 
functionalization of GAC. 
 
Introduction:  
Antibiotics are one of the most important medicines used for the treatment and prevention of 
bacterial infections. A large amount of antibiotics is consumed in hospitals and their residues 
may be released into the environment through incomplete wastewater systems, leading to the 
development of antibiotic-resistant bacteria. Amoxicillin (AMX) is a broad-spectrum β-
lactam antibiotic that belongs to the penicillin class. It is also commonly used for human 
prescription drugs against bacterial infections.1 Some studies have reported antibiotic 
removal efficiencies in different hospital wastewater treatment processes in Thailand. AMX 
was one of the most detected effluents of hospital treatment plants.2-3 To date, numerous 
wastewater treatment technologies have been explored such as biodegradation, catalytic 
oxidation, membrane separation, and so on. Among them, adsorption is considered a simple 
operation, relatively inexpensive cost, and highly efficient process. To enhance the removal 
efficiency, most adsorbents basically should have a high surface area and a suitable pore size. 
Generally, carbon-based adsorbents are the most preferred choice due to their cost-effective 
material and easy modification with abundant functional groups.4-7 Concerning ecologically 
scalable and real practical uses in wastewater treatment plants, we aimed to study a simple 
surface modification way of granular activated carbon (GAC) with NaOH for AMX 
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adsorption enhancement. Batch experiments were carried out to investigate AMX adsorption 
performance in terms of adsorption kinetics and adsorption isotherms. Finally, the plausible 
mechanisms were proposed based on experiment adsorption information. 
 
Methodology:  
Chemicals 
Coconut shell granular activated carbon (GAC) was obtained from Carbokarn Co., Ltd. 
Sodium hydroxide (NaOH) and amoxycillin (AMX) were purchased from Aldrich.  
 
NaOH-modified GAC (GAC-N) preparation 
5 g of unmodified GAC was stirred in a solution of 0.1 M NaOH for 24 hours at room 
temperature then it was incubated at 150°C for 3 h in a hot air oven. GAC-N was washed 
with deionized water until neutral pH and dried at 60°C for 18 h. 
 
Characterization 
The surface morphology of GAC-N was investigated by scanning electron microscope 
coupled with an energy dispersive X-ray spectroscopy (SEM-EDX, SU8230, Hitachi). The 
specific surface area was determined by nitrogen adsorption/desorption using a surface 
analyzer (3-Flex 3500, Micrometric) applying the Brunauer-Emmett-Teller (BET) method. 
The chemical surface was analyzed by Fourier transform infrared spectroscopy (FTIR, 
Nicolet iS50 FT-IR, Thermo Scientific) using KBr method. The zeta potential of GAC-N was 
determined using a nanoparticle analyzer (Zetasizer ultra, Malvern) at different pH aqueous 
mediums from 3 to 12. The elemental compositions of GAC-N were measured using an 
elemental analyzer (628 series, Leco). 
 
Adsorption procedure  
Batch adsorption experiments were conducted with 0.5 g of adsorbents (GAC and GAC-N) in 
100 mL of AMX solution (a concentration range of 1,000 ng L-1 to 350 mg L-1) at room 
temperature under stirring at 300 rpm in darkness. 1.5 mL samples were withdrawn from the 
experimental AMX solution at various adsorption time intervals from 5 to 2,880 min and 
filtered through a 0.22 μm nylon filter. The concentrations of AMX in the solution were 
determined by liquid chromatography tandem mass spectrometer (LC-MS/MS, 1290 
infinity/6495 Triple quad, Agilent). The adsorption capacity (qt, mg g-1) was calculated by eq 
(1): 

 
where Co is the initial concentration (mg L-1) of AMX in solution, Ct is the residual 
concentration of AMX at time (mg L-1) of antibiotic in solution, V is the volume of AMX 
solution (L), and m is the mass of adsorbent (g). 
 
Results and Discussion:  
Characteristics of GAC-N 

                         qt = (C0−Ct)V
m     (1)                                        

647



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

 
Figure 1. SEM images of (a) GAC and (b) GAC-N and the EDX mapping images of GAC-N 

with (c) C and (d) O elements. 
 
SEM images (Figure 1a-b) present the surface morphology of GAC and GAC-N, 
respectively.  Both surfaces were similar, containing a macroscopic roughness with an 
irregular porous structure. The EDX mapping results of GAC-N (Figure 1c-d) show that 
carbon and oxygen elements existed on the surface of GAC-N. The elemental analysis was 
used to determine the composition of GAC and GAC-N. The results (Table 1) showed that 
GAC-N had a higher O element containing than that of GAC.  
 

Table 1. Chemical and textural parameters of GAC and GAC-N. 
Sample Element (%) SBET Vt  pHPZC 

 C H N O (m2 g-1) (cm3 g-1)  
GAC 73.9 0.1 0.7 25.4 1,146 0.469 4.3 

GAC-N 68.7 0.1 0.8 30.4 1,112 0.425 <3 
 

Figure 2a presents the nitrogen adsorption/desorption isotherms of all adsorbents 
indicating micropore dominant structural features. The BET surface area (SBET) and total pore 
volume (Vt) of GAC-N were 1,112 m2 g-1 and 0.457 cm3 g-1, respectively which were almost 
not different as compared to GAC (1,146 m2 g-1 and 0.439 cm3 g-1). It was suggested that the 
surface porous structure had no significant difference after surface modification of GAC with 
NaOH. However, in pore size distribution detail, the small micropore range (<0.6 nm) of 
GAC-N was higher than that of GAC. FTIR spectroscopy is presented in Figure 2c to provide 
some valuable information about the chemical characterization of adsorbents. A change of 
surface functional groups of GAC-N as compared to GAC was observed: the higher intensity 
and broader band in a range of 3700-3100 cm-1 (OH groups), the increased intensity of the 
peak at 1700 cm-1 (C=O groups), the shift of the peak at 1500 cm-1 to 1547 cm-1 (C=C 

648



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

aromatic structure), and the additional peak at 1350 cm-1 and the broader peak at 1100 cm-1 
(C-O groups). The FTIR results indicated that the oxygen-containing functional groups such 
as carboxyl and hydroxyl groups were successfully functionalized on the surface of GAC. 
Figure 3d presents the zeta potential of adsorbents within the solution pH range 3-12, 
indicating the adsorbent surface charge behavior. The point of zero charge (pHPZC) is defined 
as the pH at which the net charge of the surface adsorbent is zero. As shown in Figure 3d and 
Table 1, the pHPZC value of GAC-N (pHPZC < 3) was lower than that of GAC (pHPZC 4.2). It 
suggested the predominant negatively charged surface of GAC-N due to the significant 
introducing of carboxyl groups after the surface modification process. 

 

 
Figure 2. (a) Nitrogen adsorption/desorption isotherms, (b) pore size distribution, (c) FTIR 

spectra, and (d) zeta potential at different pH solutions of GAC and GAC-N. 
 
Adsorption isotherms 
The adsorption isotherms are investigated to describe the interaction between the adsorbate 
molecules with the surface adsorption sites of the adsorbent. Figure 3a presents the AMX 
adsorption profile of GAC and GAC-N. It revealed that AMX was quickly adsorbed within 5-
60 min by both adsorbents and then slowly adsorbed until reaching equilibrium. However, 
GAC-N had a higher AMX adsorption capacity as compared to GAC. The effect of initial 
concentrations of AMX on the adsorption capacity was studied as shown in Figure 3b. When 
the initial concentration of AMX increased, a higher AMX adsorption capacity increased. 
The result adsorption data were fitted using the Langmuir and the Freundlich isotherm 
models,4 presenting the fit curves in Figure 3c and the calculated values in Table 2. Both 
adsorbents were better fit with the Langmuir model (R2 0.980-1) than those of the Freundlich 
model (R2 0.873-0.885). The better fit of the Langmuir model indicated that the AMX 
adsorption on the GAC and GAC-N was predominantly a controlled monolayer adsorption 
process. The KL value of GAC-N was less than 1 (0.2) implying the favorable affinity of 
AMX on GAC-N whereas GAC had KL 2.9 indicating the adsorption of AMX was 
unfavorable under the conditions used. Furthermore, the calculated maximum adsorption 
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capacity (qm) by the Langmuir model was good consistent with those values from 
experiments. The experimental results revealed that GAC-N had a higher maximum 
adsorption capacity (121 mg g-1) than that of GAC (110.7 mg g-1). 
 
 

 
Figure 3. (a) Adsorption profiles of GAC and GAC-N at 1,000 mg L-1 AMX and (b) 
adsorption capacity of GAC-N as a function of time at different initial concentrations of 
AMX. The AMX adsorption fit models: (c) the Langmuir adsorption isotherm and (d) the 
pseudo-second order kinetic fit curves (condition: AMX concentration 1,000 mg L-1, 
adsorbent dosage 5 g L-1, pH 6.2). 
 

Table 2. Isotherm parameters for AMX adsorption on GAC and GAC-N. 

Sample qt,exp 
mg g-1 

Isotherm model 
Langmuir  Freundlich 

qm KL R2  n KF R2 

mg g-1 L mg-1    L mg-1  
GAC 110.7 111.1 2.9 1  4.7 40.4 0.873 

GAC-N 121.0 122.0 0.2 0.980  4.4 33.2 0.885 
 
Adsorption kinetics 
Kinetic studies are an important factor in the order of the rate constant. The adsorption data 
were analyzed by the pseudo-first order and the pseudo-second order model.4 The linearized 
form adsorption kinetic models were fit (only the pseudo-second order model fit curves are 
shown in Figure 3d) and the fitting parameters are listed in Table 3. The pseudo-second order 
model was better suitable to describe the experimental data of both adsorbents due to the 
highest correlation coefficient R2 (0.999). It indicated that AMX adsorption rate was 
controlled by the chemisorption process. The rate constant (K2) value of GAC-N was higher 
than GAC implying that AMX was adsorbed by GAC-N faster than GAC.  
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Table 3. Kinetic parameters for AMX adsorption on GAC and GAC-N. 

Sample 

Kinetic model 
Pseudo-first order  Pseudo-second order 

qe,cal K1 R2  qe,cal K2 R2 
mg g-1 1 min-1   mg g-1 g mg-1 min-1  

GAC 1.7 0.0070 0.510  27.7 0.0584 0.999 
GAC-N 7.0 0.0039 0.929  46.3 0.0798 0.999 

 
Adsorption mechanisms 
AMX is normally sensitive to aqueous pH owing to its functional groups containing carboxyl 
(pKa1 = 2.4), amine (pKa2 = 7.4), and phenol (pKa3 = 9.6).8-9 Our adsorption condition was 
almost neutral pH 6.2) based on the wastewater information of Pranangklao hospital, 
Thailand. At pH 6.2, the zwitterion of AMX will be presented (AMX±) with -COO-/-NH3+/-
OH functional groups. Based on the experimental results on the isotherm and kinetic 
adsorptions, it was possible to propose involved mechanisms of AMX adsorption on GAC-N: 
hydrogen bonding, p-p interactions, and electrostatic interactions5,8 as shown in Figure 4. 
However, the electrostatic interactions might not be the dominant interaction between AMX 
and GAC-N due to presenting the zwitterion form of AMX in aqueous solution at pH 6. The 
main adsorption mechanisms could be hydrogen bonding and p-p interactions which were 
promoted by the enhanced surface functional groups on the GAC-N. 
 

 
Figure 4. The possible adsorption mechanisms of AMX by GAC-N. 
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Conclusion:  
The NaOH modified GAC (GAC-N) was successfully enhanced functionalization with 
carboxyl and hydroxyl groups on the surface. So, the negatively charged surface of GAC-N 
was demonstrated in the aqueous solution (pHPZC < 3). Even though the specific surface area 
of GAC-N was not significantly changed as compared to GAC, increasing small micropores 
were observed. The AMX adsorption studies indicated that the kinetic data were well 
consistent with the pseudo-second-order model. The equilibrium data agreed well with the 
Langmuir isotherm. The adsorption process of the AMX was promoted by chemisorption 
such as hydrogen bonding, p-p interactions, and electrostatic attractions with surface 
functional groups of GAC-N. Therefore, AMX adsorption capacity of GAC-N was 
significantly enhanced mainly resulting from surface functionalization.  
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Abstract:  

The CCTO perovskite ceramic belongs to the class of colossal dielectric materials. It 
is worth noting that despite its remarkable dielectric properties, no ferroelectric behavior has 
been observed in this material. In this particular study, it has been observed that the CCTO 
ceramic, which has been prepared utilizing a solid-state reaction method, demonstrates a 
remarkably high dielectric permittivity of approximately 5.70104, accompanied by a loss 
tangent of approximately 0.187. The result of the impedance spectroscopy analysis reveals 
the presence of a heterogeneous microstructure characterized by the coexistence of n-type 
semiconducting grains and insulating grain boundaries. The conduction activation energies 
relating to both the grain and grain boundary have been successfully ascertained, yielding 
values of 0.086 and 0.552 eV, respectively. The impedance spectroscopy and conduction 
activation energies provide valuable insights into the main origin of the high dielectric 
permittivity observed in CCTO, which can be attributed to the internal barrier layer capacitor 
model. The determination of the relaxation activation energy provides evidence for the 
presence of an oxygen vacancy (VO) within the grain, specifically of the bivalent type. 
Henceforth, it can be postulated that the formation of the semiconductive state within the 
grain of CCTO may be attributed to the charge compensation mechanism. 
 
Introduction:  

The compound known as CaCu3Ti4O12 (CCTO) is a highly intriguing ternary oxide 
material that is notably devoid of ferroelectric properties1. The unit cell of CCTO exhibits a 
doubled simple perovskite structure and is conventionally denoted as body-centered cubic of 
the Im3 space group1. The CCTO has garnered significant attention in the scientific 
community owing to its remarkably high dielectric permittivity value (<103) 1-8. To date, a 
substantial amount of scholarly attention has been devoted to the investigation and 
clarification of the basic variables that give rise to the distinctive dielectric properties 
displayed by CCTO. The attribution of dielectric behavior in typical ceramics, such as 
CCTO, to extrinsic factors is widely acknowledged in scientific debate 9. Of all the 
hypotheses posited, it is the internal barrier layer capacitor (IBLC) that stands out as the most 
prominent 6, 10-11. The widely recognized concept posits that during the sintering process, 
there occurs the formation of an insulating layer that covers the semiconducting grains. 
According to the IBLC model, this microstructure induces electrical charge trapping at grain 
boundaries. Hence, the number of boundary barrier layers might potentially account for the 
substantial  reported in CCTO 12. The induction of a giant dielectric behavior in CCTO can 
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be attributed to the influence of an IBLC, specifically through the phenomenon known as 
Maxwell-Wagner polarization 9. 

Based on prior research, it has been observed that in certain instances, the utilization 
of an IBLC model proves inadequate in providing a comprehensive elucidation of a dielectric 
phenomenon occurring in CCTO 13. The dielectric behavior exhibited by CCTO is found to 
vary significantly under different testing temperatures and DC bias. The significance of 
specific variables, namely total capacitance, total resistance, and others, undergoes alteration 
in response to temperature variations. According to Wu's findings, the application of a DC 
bias to a CCTO sample during dielectric testing results in a reduction of the potential barrier 
height at the grain boundaries. This reduction subsequently leads to a change in the grain 
boundary capacitance (Cgb) of the CCTO material 14. Furthermore, the influence of electrode 
polarization resulting from the contact between the sample and electrode is more pronounced 
compared to an IBLC effect while conducting experiments at high temperatures 15-16. In 
addition to referencing antecedent research, it is worth noting that the dielectric behavior of 
CCTO can be altered through the process of sintering or annealing under varying atmospheric 
conditions 17-18. It has been observed in prior studies that the underlying cause of the high  
exhibited by CCTO ceramic is dependent upon the specificities of the preparation process 
and the conditions under which the testing is conducted. Therefore, from an academic 
standpoint, the investigation of factors affecting the dielectric behavior of this ceramic is of 
great interest. Thus, the purpose of this research is to investigate all environmental influences 
on the dielectric properties of CCTO polycrystalline ceramic. 

In this study, CCTO ceramic was produced via solid-state reaction (SSR). 
Temperature and frequency are the environmental testing controls. In the test, various 
electrical parameters, including grain resistance (Rg), grain boundary resistance (Rgb), and 
Cgb, were thoroughly considered across different testing conditions.  In addition, intrinsic 
factors such as the presence of VO and the mechanism of charge compensation are also 
examined. Methodology, results, and discussion are described in the following sections. 
 
Methodology:  
Ceramic preparation 

The present study employed an SSR technique for the synthesis of CCTO ceramic. 
The materials employed in the preparation procedure consisted of CaCO3 with a purity of 
99.0%, CuO with a purity of 99.0%, and TiO2 with a purity of 99.9%. The specifics of 
powder preparation are provided elsewhere19. The CCTO powder was compacted into a pellet 
measuring 9.5 mm in diameter and 2 mm in thickness. The CCTO pellet was sintered at 1090 
°C for 3 h. 

 
Characterizations 

Using X-ray diffractometry (XRD, PANalytical, EMPYREAN) coupled with 
HighScore Plus Software Version 3.0e, the crystal structure and phase structures of the 
sintered CCTO sample were determined. The XRD pattern was collected using a 0.01°−step 
increase over the 2 range of 20° − 80°. Rietveld refinement was utilized to analyze the XRD 
data. To analyze the morphology of our manufactured ceramics, a desktop scanning electron 
microscope (MiniSEM, SNE−4500M) was utilized. 

 

Dielectric and electrical tests 
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The electrical and dielectric characteristics of sintered CCTO ceramic were evaluated 
utilizing a Keysight model E4990A instrument, operating at an oscillation voltage (Vrms) of 
0.5 V. The study was centered around the analysis of dielectric properties within specific 
frequency and temperature ranges, specifically 40 to 107 Hz and -60 to 210 °C, respectively. 
Results and Discussion:  
Phase formation, crystal structure, and microstructure 

The Rietveld profile fit acquired from sintered CCTO, as depicted in Figure 1(a), 
demonstrates a prevailing phase that corresponds to CCTO. This phase has been indexed in 
the JCPDS No. 75-2188. The XRD analysis conducted in this study reveals the presence of a 
body-centered cubic (bcc) crystal structure belonging to the Im3 space group. There is an 
absence of impurity phases observed in the XRD pattern. The Rietveld refinement technique 
can be utilized to determine the lattice parameter (ɑ). The value of the parameter ɑ for CCTO 
is measured to be 7.393 Å. The XRD results obtained in this study demonstrate a notable 
similarity to the findings reported in previous research on CCTO 1-3. 
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Figure 1. 

(a) Rietveld profile fit of sintered CCTO ceramic (b) Surface microstructure. 
 
The microstructural data of ceramic samples was obtained and analyzed using SEM and 
ImageJ software. The accomplishment of a dense ceramic structure of CCTO is demonstrated 
in Figure 1(b). The size distribution of the CCTO sample, as determined from the analysis of 
the SEM image, covers a range of 16.89 to 74.34 m. The calculated average grain size is 
39.5612.84 m. 
 
Dielectric and electrical properties 

A systematic evaluation was conducted to assess the dielectric property of the CCTO 
sample. The frequency dependencies of  and tanδ values at a temperature of 20 °C are 
depicted in Figure 2(a). The graph illustrates the remarkable stability of the  value within 
the frequency range of 102 to 105 Hz. Evidently, an enormous dielectric response can be 
discovered. Within this frequency range, it is worth noting that the grain boundary response 
and DC conduction exhibit a notably higher level of prominence compared to other 
mechanisms 20-21. At a temperature of 20 °C, the behavior of grain boundaries becomes more 
prominent. The  value of the CCTO sample quickly dropped at frequencies larger than 105 
Hz, correlating to a significant rise in loss tangent (tanδ) at the same frequency. This 
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dielectric behavior is induced by VO, which produces dielectric relaxation inside the grains 22. 
The  and tanδ values of the CCTO sample at a frequency of 1 kHz are measured to be 
5.70104 and 0.187, respectively. The  value obtained in this investigation exhibits 
comparability to the values published in prior literature 1-3, 6, 11.  
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Figure 2. 

(a) Frequency dependences of  and tanδ at 20 °C of CCTO ceramic (b) Frequency 
dependence of  at various temperatures; its inset shows the frequency dependence of  in 

the same temperature range. 
 
Figure 2(b) and its inset show the frequency dependencies of  and total loss factor 
(=tanδ) values across different temperatures. The observed trend indicates that the values 
of  and  exhibit a substantial increase as the temperature rises, particularly in a frequency 
range lower than 104 Hz. The observed increments could potentially be influenced by the 
contributions of grain boundary and DC conduction in a low−frequency range, according to 
the relationship =dc/0, where 0, dc, and  are the permittivity of free space 
(0=8.85410-12 F/m), DC conductivity, and angular frequency (=2f), respectively 22. As 
seen in the inset of Figure (b), in a higher frequency range than 104 Hz, it can be observed 
that a single  peak undergoes a displacement towards higher frequencies with an increase in 
temperature. The observed phenomenon demonstrates the occurrence of dielectric relaxation 
in CCTO 22, in which a single component of the dielectric response may originate from 
within the grains. The observed phenomenon of a significant decline in  is directly 
associated with a notable rise in tanδ. This shift towards higher frequencies occurred 
concurrently with an increase in temperature. The dielectric response observed in CCTO 
ceramics can be described as a thermally activated dielectric relaxation behavior 22, which is 
a distinctive characteristic of this material. The calculation of the activation energy (Ea) for 
high-frequency relaxation was performed. The relationship between temperature and the 
frequency at the maximum- peak (fmax) can be characterized as follows: 

max 0 exp a

B

Ef f
k T

 −
=  

 
        (1) 

where f0 represents a fixed value. The Boltzmann constant and absolute temperature are 
represented by the symbols kB and T, respectively. The slope of the fitted line (data not 
present) is used to calculate the Ea of the CCTO sample, which is then found to be 0.90 eV. 
The Ea value presented exhibits a remarkable level of concurrence with the findings of Li et 
al.23, approximately 0.1 eV. The generation of monovalent ( +

OV ) and bivalent ( ++
OV ) oxygen 
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vacancies is a widely recognized phenomenon that occurs during the preparation process, 
particularly through techniques like sintering at elevated temperatures. The formation of 
donor energy levels at approximately 0.01 – 0.07 eV and 0.10 – 0.20 eV is attributed to the 
existence of intrinsic defects of +

OV  and ++
OV , respectively. As a consequence of this, an Ea 

value of 0.09 eV may have been produced as a result of an electrical response occurring 
within the grains of CCTO ceramic as a direct result of the presence of ++

OV . The presence of 
VO can trigger the charge compensation mechanism as a result of its ability to maintain 
charge equilibrium. Hence, it is possible to induce n-type semiconducting behavior in CCTO 
ceramic through the process of electronic charge carrier hopping between Cu+Cu2+ and 
Ti3+Ti4+ ions 13, 22. Thus, the role of intrinsic factors, such as charge carrier densities, 
should not be overlooked when considering the giant dielectric response of CCTO ceramic. 
These factors, along with the impact of an IBLC structure, play a significant role in 
determining the overall giant dielectric behavior of the material 13. The dielectric response of 
grain boundaries can be observed through a significant decrease in  and  values in a low-
frequency range. The dielectric responses observed at both low and high frequencies in 
CCTO are indicative of the influence of Maxwell-Wagner polarization, which serves as the 
primary mechanism underlying the remarkable giant dielectric properties exhibited by this 
material1-3, 6, 11.  

The electrical properties of grain and grain boundary were investigated using 
impedance spectroscopy. A complex impedance plot, denoted as Z*, was constructed based 
on the given relationship: 

0

1*
*

Z Z jZ
j C 

 = − =            (2) 

In the context of a Z* plot, the real and imaginary components are typically represented as Z 
and Z, respectively. The equation C0=ε0A/d represents the capacitance of free space. The 
expression *=−j represents the complex dielectric permittivity.  
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Figure 3. 

(a) The Z* plots of CCTO ceramic at the high−temperature range: its inset shows a 
high−frequency Z* plot at a low−temperature range. (b) Arrhenius plots of Rg and Rgb for the 

CCTO sample. 
 
As shown in Figure 3(a), the microstructure of CCTO ceramic has been observed to 
comprise two distinct electrical components. The electrical response of the grain boundary is 
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represented by the prominent semicircular arc, while the inset displays the electrical 
properties of the grains through a nonzero intercept, indicating a semiconductive component 
within the grain. As mentioned previously, the presence of VO may impact the small 
conductivity within the grain of CCTO due to a charge compensation mechanism resulting 
from charge balance. Inducing electronic charge carrier hopping between transition ions may 
induce a small conductivity within the grain of CCTO ceramic. Consequently, the high  
value observed in CCTO samples may be primarily attributable to the formation of IBLC 
structure. Interestingly, the diameter of a large semicircle arc decreases with increasing 
temperature. Similarly, the nonzero intercept shifts to a lower value of Z−axis as the 
temperature increases. These electrical characteristics demonstrate the correlation between 
Rg/Rgb and temperature. Rg and Rgb decrease as the temperature rises. This result is 
comparable to those found in the scientific literature 13, 22. 

The calculation of Eg and Egb can be derived based on the values of Rg and Rgb 
obtained at various temperatures. The Arrhenius law can be conceptualized as follows: 

,
, 0 exp g gb

g gb
B

E
R R

k T
 

=  
 

         (3) 

where R0 is the pre-exponential term. The temperature dependencies of Rg and Rgb for the 
CCTO ceramic are presented in Figure 3(b). The temperature dependencies of Rg and Rgb 
were accurately modeled using the Arrhenius equation. The estimation of Eg and Egb was 
conducted by utilizing the slopes of fitting lines. The values of Eg and Egb for the CCTO 
ceramic were determined to be 0.086 and 0.552 eV, respectively. The value difference 
between Eg and Egb is 0.466 eV. Based on the research conducted by Sinclair et al., the 
substantial disparity in value observed between Eg and Egb provides insights into the 
underlying structural characteristics of the IBLC in CCTO ceramic. 
 
Conclusion: 

The dielectric properties of the massive CCTO perovskite ceramic have been studied. 
A high dielectric permittivity of 5.70104 and a loss tangent of 0.187 were observed. A study 
found heterogeneous microstructure with n-type semiconducting grains and insulating grain 
boundaries. Grain and grain boundary conduction activation energies differ by 0.466 eV. 
High dielectric permittivity is due to the internal barrier layer capacitor model. The charge 
compensation mechanism causes CCTO grain semiconductivity. 
 
Acknowledgements:  

This work was supported by the Faculty of Science and Digital Innovation, Thaksin 
University. Also, the Faculty of Education, Thaksin University, supported this work. 
 
References: 
1. Subramanian, M. A.; Li, D.; Duan, N.; Reisner, B. A.; Sleight, A. W., J. Solid State 

Chem. 2000; 151 (2): 323-325. 
2. Zu, H.; Wang, C.; He, X.; Wang, B.; Liu, H.; Huang, H.; Bian, J.; Cao, G., Ceram. 

Int. 2023; 49 (12): 20870-20877. 
3. Chinnathambi, M.; Robert, R.; Jose, M., J. Mater. Sci.: Mater. Electron. 2023; 34 

(20): 1561. 
4. Evangeline T, G.; Annamalai. A, R.; Ctibor, P., Molecules 2023; 28 (4): 1649. 
5. Hao, W.; Xu, P.; Han, P.; Wang, M., J. Eur. Ceram. Soc. 2023; 43 (3): 986-992. 

658



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

6. Mao, P.; Zeng, C.; Guo, Y.; Lu, G.; Yan, Q.; Liu, Z.; Xie, B.; Zhao, Y.; Guo, K.; 
Zhang, L., Mater. Res. Bull. 2023; 164: 112276. 

7. Shukla, A., J. Solid State Chem. 2023; 325: 124182. 
8. Wu, R.; Li, H.; Liu, Y.; Chang, A.; Zhang, B., J. Mater. Chem. C 2023; 11 (35): 

12037-12047. 
9. Schmidt, R.; Stennett, M. C.; Hyatt, N. C.; Pokorny, J.; Prado-Gonjal, J.; Li, M.; 

Sinclair, D. C., J. Eur. Ceram. Soc. 2012; 32 (12): 3313-3323. 
10. Jesus, L. M.; Barbosa, L. B.; Ardila, D. R.; Silva, R. S.; M'Peko, J. C., Ceram. Int. 

2023; 49 (15): 25594-25601. 
11. Merad, S.; Autret-Lambert, C.; Zaghrioui, M.; Neacsa, D.; Motret, O.; Gervais, F., J. 

Solid State Chem. 2023: 124339. 
12. Xu, D.; Wang, B.; Lin, Y.; Jiao, L.; Yuan, H.; Zhao, G.; Cheng, X., Physica B 

Condens. Matter 2012; 407 (13): 2385-2389. 
13. Ni, L.; Chen, X. M., J. Am. Ceram. Soc. 2010; 93 (1): 184-189. 
14. Wu, K.; Huang, Y.; Hou, L.; Tang, Z.; Li, J.; Li, S., J. Mater. Sci.: Mater. Electron. 

2018; 29 (6): 4488-4494. 
15. Prasoetsopha, N.; Pinitsoontorn, S.; Thongbai, P.; Yamwong, T., Electron. Mater. 

Lett. 2013; 9 (3): 347-351. 
16. Boonlakhorn, J.; Suksangrat, P.; Sarakorn, W.; Krongsuk, S.; Thongbai, P.; 

Srepusharawoot, P., Sci. Rep. 2023; 13 (1): 4638. 
17. Boonlakhorn, J.; Thongbai, P., J. Electron. Mater. 2015; 44 (10): 3687-3695. 
18. Adams, T. B.; Sinclair, D. C.; West, A. R., J. Am. Ceram. Soc. 2006; 89 (10): 3129-3135. 
19. Boonlakhorn, J.; Manyam, J.; Krongsuk, S.; Thongbai, P.; Srepusharawoot, P., RSC 

Adv. 2021; 11 (40): 25038-25046. 
20. Boonlakhorn, J.; Prachamon, J.; Manyam, J.; Thongbai, P.; Srepusharawoot, P., 

Ceram. Int. 2021; 47 (10, Part A): 13415-13422. 
21. Ahmad, M. M.; Kotb, H. M.; Joseph, C.; Kumar, S.; Alshoaibi, A., Crystals 2021; 11 (3): 313. 
22. Ni, L.; Fu, M.; Zhang, Y., J. Mater. Sci.: Mater. Electron. 2018; 29 (20): 17737-17742. 
23. Li, J. Y.; Zhao, X. T.; Li, S. T.; Alim, M. A., J. Appl. Phys. 2010; 108 (10): 104104. 
 

659



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

DAM LEAKAGE DETECTION USING ELECTRICAL RESISTIVITY SURVEY AT 
HUAI FANG NOI RESERVOIR, CHOM THONG, CHIANG MAI, THAILAND 
Thanaphon Boonsung, Adul Yawichai, Mingkhwan Kruachanta * 
Chiang Mai University, Thailand  
*e-mail: mingkhwan.kruachanta@cmu.ac.th 

 
Abstract:  

Huai Fang Noi Reservoir is located at Ban Mai Saraphi, Mae Soi Subdistrict, Chom 
Thong District, Chiang Mai Province. It has been reported to have water retention problems 
during the dry season. An electrical resistivity survey was conducted to detect the leakage 
positions along the dam ridge. The survey utilized a 2D dipole-dipole configuration with a 
minimum electrode spacing of 2 meters. Each survey line spanned a length of 160 meters and 
utilized 81 electrodes. There were a total of 4 survey lines: one on the slope of the upstream 
section and three on the crest of the dam ridge. The acquired data were processed to obtain 
inverted resistivity profiles. The interpretation combined the resistivity with the borehole 
data, interpreted in terms of the risk of leakage positions of the dam ridge. The areas with a 
very high risk of leakage exhibit anomalous low resistivity compared to the surrounding 
areas, which were found below the water level in both the compacted soil layer and rock 
foundation, covering a large area. The positions indicating a high risk of leakage suggest a 
possibility of leakage from upstream to downstream sections. The results of this survey 
provide valuable information for planning the upcoming maintenance of Huai Fang Noi 
Reservoir. 
 
Introduction:  

Huai Fang Noi Reservoir, formerly known as Huai Ta Lek Reservoir, is a small 
irrigation project located at Ban Mai Saraphi, Mae Soi Subdistrict, Chom Thong District, 
Chiang Mai Province (Figure 1). It was constructed to mitigate water insufficiency problems. 
The dam ridge was built in 1993 across Huai Ta Lek Creek to store natural water and supply 
it for agriculture year-round. 1 Huai Fang Noi Reservoir is an earth dam with an estimated 
storage capacity of 0.105 million cubic meters. 1, 2 The dam is approximately 133 meters long, 
10 meters high, and 6 meters wide. 1, 2 The ridge crest is at an elevation of 351.0 meters, and 
the maximum and minimum water storage levels are at an elevation of 349.5 and 344.5 
meters, respectively. 1 Generally, the reservoir area is relatively flat, with the lowest elevation 
point at approximately 343 meters, surrounded by low hills peaking at about 360 meters. 
According to geological observation, the reservoir area is situated on unconsolidated and 
semi-consolidated sediments formed by the weathered parent rocks from neighboring areas, 
transported and deposited in this location. The geological map (Figure 2) also displays two 
geological units: unconsolidated to semi-consolidated terrace deposits (Qt) and Silurian-
Devonian age rocks (SD) in the study site and adjacent areas. 3 The Qt sedimentary unit 
beneath the reservoir consists of quaternary age materials, including terrace deposits, gravel, 
sand, silt, clay, and laterite. These unconsolidated to semi-consolidated sediments are 
uncompacted materials with high porosity; therefore, the reservoir's water storage efficiency 
is relatively low. However, a liner has been placed on the reservoir floor to enhance water 
retention efficiency. 
 Recently, there have been reported that the reservoir is unable to retain water. It is 
suspected that there are leakages at the dam ridge. Three boreholes were drilled on the dam 
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Figure 1. Huai Fang Noi Reservoir is located at Ban Mai Saraphi, Mae Soi Subdistrict,  

Chom Thong District, Chiang Mai Province. 4, 5, 6 
 

 
Figure 2. The geologic map of Huai Fang Noi Reservoir and adjacent area,  

modified from Bureau of Geology (1982). 3 
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ridge to conduct geotechnical and geological investigations. It was found that the compacted 
soil layer of the ridge and its foundation had a high to very high level of permeability. 1 To 
pinpoint the leakage positions, a 2D electrical resistivity survey was designed. The electrical 
resistivity method measures the apparent resistivity of the subsurface geological materials by 
injecting direct current (DC) electricity via a current electrode into the ground and measuring 
the potential difference at a pair of potential electrodes. Electrical resistivity depends on the 
physical properties of the soil or rock layers, which consist of different minerals and pore 
fluids. When electric currents are injected into the ground, the subsurface material acts as a 
conductor because there are pores in the rocks or soils containing pore fluids that allow the 
current to flow through, enabling the measurement of the potential difference resulting from 
the flowing current. In contrast, the soil or rock matrix acts as an insulator, prohibiting the 
current from flowing through. The material's electrical resistivity is a value that represents 
one of the material's electrical properties, indicating how much the material resists electricity 
or allows electric current to flow through. 7 The measured apparent resistivity can be inverted 
into true resistivity that can be used for the interpretation. 
 Electric resistivity is one of the most sensitive geophysical methods for detecting 
changes in rock or soil moisture. It has been proven to be highly effective in determining 
water-saturated zones and groundwater flow patterns. The resistivity of rocks or soils 
depends on various factors such as porosity, water saturation, permeability, ionic pore fluid 
content, and clay content. Water leakage through a dam manifests as low resistivity. 8 Using 
an electrical resistivity survey to pinpoint the leakage positions of the dam has been 
successfully applied in various studies. For example, Aal and others (2004) combined 
electrical resistivity and self-potential methods to investigate seepage in the earth-fill Crystal 
Lake Dam in Washington Country, Missouri, which could successfully detect internal erosion 
and anomalous seepage at an early stage. 8 Chinedu and Ogah (2013) utilized electrical 
resistivity to image suspected seepage channels in an earth dam in Zaria, North-Western 
Nigeria. 9 Michalis and others (2016) employed a combination of electrical resistivity 
tomography and electromagnetic sensing to assess the Mugdock reservoir dam infrastructure 
in central Scotland. 10 Camarero and Moreira (2017) utilized 2D and pseudo-3D electrical 
resistivity tomography techniques to investigate water seepage in an earth dam in the rural 
municipality of Cordeirópolis in the State of São Paulo. 11 Nwokebuihe and others (2017) 
combined electrical resistivity tomography, induced polarization, and self-potential data to 
investigate the seepage in an earth-fill dam in Warren County, Missouri. 12 Raji and 
Adedoyin (2020) used 2D electrical resistivity geophysical survey and geological mapping to 
investigate the Unilorin Dam in Nigeria for structural anomalies that could compromise the 
dam’s safety. 13 

 
Methodology:  

To detect the leakage position at Huai Fang Noi Reservoir, the 2D electrical resistivity 
survey was performed. The method involves field data acquisition, data processing, and 
interpretation as follows. 
 
Field Data Acquisition 

To acquire the 2D electrical resistivity data, four survey lines were deployed, one on 
the slope of the upstream section (Line A) and the other three on the crest of the ridge (Line 
B, C, and D). The survey lines were arranged from upstream to downstream with parallel 
orientations. The line spacing between B and C, as well as C and D, is 2 meters. The spacing 
between lines A and B is 9 meters (Figure 3). The electrical resistivity survey used the 2D 

662



 

© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49) 
 

 

 
Figure 3. Electrical resistivity survey lines at Huai Fang Noi Reservoir, 

modified from Google Earth. 
 

surveys to acquire the cross-sections of subsurface resistivity distributions. A dipole-dipole 
configuration with a 2-meter minimum electrode spacing was chosen. In this configuration, 
81 electrodes were utilized for each survey line. Each survey line spanned a length of 160 
meters. After deploying and installing all the equipment, precise measurements of electrode 
positions and elevations were conducted using DGPS equipment. 
 
Data Processing 

The acquired field data, apparent resistivity, were exported from the resistivity meter. 
The exported data were quality-checked by removing the data points with negative resistivity 
values and those with a high standard deviation of measurements. After that, the quality-
checked apparent resistivity data and topographic data were imported into the processing 
software to perform the inversion in order to get the true resistivity value. The 2D 
pseudusection was inverted into an inverted resistivity profile representing the true resistivity 
section of the subsurface at the survey line. The inversion process ran iteratively until 
reaching the acceptable RMS errors, set at 10% for this study. 14 The processing of the data 
was performed individually for each survey line. The final inverted sections of each survey 
line were combined and interpreted in the next step. 
 
Data Interpretation 
 The inverted resistivity section illustrates the resistivity distribution across the profile 
which was used to interpret the leakage positions. Generally, the leakage locations usually 
exhibit anomalous low resistivity than the surrounding area due to the water filling in pore 
space. The measured resistivity values are the result of the average resistivity of both the 
matrix and pore fluids. According to a study by Abidin and others in 2011 15, the suspected 
leakage zones in this study were defined by resistivity values lower than 50 ohm-m. 
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Results and Discussion:  
The inverted resistivity sections display resistivity values ranging from 5 to 6,500 

ohm-m (Figure 4). The resistivity distribution patterns in all profiles cannot distinguish 
between the dam ridge and the rock foundation. Therefore, the geologic logs from three 
boreholes, drilled on the crest of the dam ridge approximately along Line B survey in 2022, 
were utilized to differentiate the dam ridge and the foundation. 1  

According to the borehole data, the top layer is a compacted soil layer of the dam 
ridge, comprising silty gravel with sand and silt to sand, situated at the elevation of 338 to 
348.6 meters above mean sea level. The second layer is a rock foundation, which is the 
weathered semi-consolidated sandstone. Additionally, the reservoir's water level on the 
survey date was 345.445 meters above the mean sea level. Thus, the contact between a 
compacted soil and a rock foundation, as well as the water level were overlaid on the 
resistivity sections to serve as a guideline for interpretation. The leakage locations generally 
exhibit anomalous low resistivity compared to the surrounding area. The zones below the 
water level presenting resistivity values lower than 50 ohm-m were suspected to be leakage 
zones, interpreted as a very high risk of leakage. 

In the compacted soil layer, the laterally continuous anomalous low resistivity is 
observed both above and below the water level. The low resistivity of compacted soil above 
the water level can be attributed to the clay core of the dam ridge. Whereas the low resistivity 
of the compacted soil layer below the water level can be interpreted as the position of a very 
high risk of leakage (Figure 4). In the rock foundation, the anomalous low resistivity 
indicates that the rock is saturated with water. The locations with anomalous low resistivity 
are interpreted as a wide area of very high risk of leakage (Figure 4). The positions of very 
high risk of leakage are summarized in Table 1.  

After interpreting the leakage positions for each line individually, all four interpreted 
resistivity profiles were combined to find the possible leakage paths. The combined profiles 
reveal two main leakage paths in the rock foundation. One is located approximately beneath 
the outlet pipe, and the other one is on the right side of the dam ridge near the spillway, 
where the leakage connects to the leakage position of the compacted soil layer (Figure 5). 
 
 

 
Figure 4. Inverted resistivity section of the survey lines on the dam ridge. 
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Table 1. The summary of very high-risk leakage positions. 

Leakage position Compact soil layer Rock foundation 
Distance (m) Depth (m) Distance (m) Depth (m) 

Line A 28-32 4.3 44.60 11.6 
72-76 10 - - 

130-148 2.3 - - 
Line B 152-156 4 46-80 11.7 

- - 112-130 14.6 
Line C 22-26 3 46-94 21 

36-42 3.5 130-146 4 
56-62 5 - - 

150-154 3.4 - - 
Line D 18-34 3.7 40-54 17 

148-154 3.8 132-138 9.7 
 

 
Figure 5. The interpretation of the combined inverted resistivity profiles of four survey lines 

shows a possibility of the leakage path from upstream to downstream sections. 
 

Conclusion:  
The leakage positions at Huai Fang Noi Reservoir were successfully identified using 

2D electrical resistivity data. Areas at very high risk of leakage exhibit anomalous lower 
resistivity than the surrounding areas, observed in both compacted soil layer and rock 
foundation. However, in the compact soil layer, only the anomalous low resistivity below the 
water level was interpreted. 

Identifying the leakage paths requires combining the parallel resistivity profiles to 
analyze the possible connecting leakage positions between lines from upstream to 
downstream sections. The result of this survey can serve as valuable information for planning 
the forthcoming maintenance of the reservoir. 
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Abstract:  
Amethyst has been one of the popular gemstones in the gems and jewelry trade because of its 
distinct color. In this study, thirty natural rough amethysts from Uruguay were experimentally 
heat treated to change their color and characterized gemological properties using gemological 
standard methods, and some advanced techniques. Specific gravities of the samples were in 
the range of 2.65 to 2.66. The refractive indices for nε was 1.541 to 1.548 and nω was 1.549 to 
1.557 with birefringence between 0.007 to 0.009. They were inert under short-wave and long-
wave UV radiation. Uneven color distribution and fractures or healed fractures were found in 
every sample when viewed under microscope. Some samples showed brown stains along 
healed fractures, zebra stripe, black inclusions, and goethite. The samples were heated at a 
maximum temperature of 250, 350, and 450°C in reducing conditions and soaking time for 1 
hour at each maximum temperature. The result of the heating experiments revealed that the 
temperature over 450°C could change the violet color of amethysts to yellow color without 
transparency decreasing. Chemical composition analysis using SEM-EDS revealed major 
elements of silicon and oxygen. The only trace element detected was iron. The UV-Visible-
NIR absorption spectra exhibited a broad absorption between 340-350, 500-600, and 850-
1050 nm related to iron element and trace of water in the crystals. After heating at the 
temperature reached 450 °C, the intensity of absorption band between 500-600 nm decreased 
while the band between 340-350 nm intensified corresponding to the change of the violet 
color of amethyst turned to yellow. 
 
Introduction:  
Amethyst is a variety of α-quartz (SiO2) which exhibits violet to lavender color shades. They 
can occur in very different geological environments, such as hydrothermal veins, alpine 
clefts, miaroles in granitic rocks and geodes in basaltic lavas. 1 Although, amethyst is widely 
distributed in many localities, such as Brazil, Uruguay, Canada, Sri Lanka, Rwanda, Morocco 
and Arizona, etc.,2 Brazil and Uruguay localities are the world leaders in the production of 
amethyst and agate from geodes. The most important amethyst mineralization and amethyst 
mining is located in the areas of Rio Grande do Sul, Brazil and Artigas, Uruguay.1 

When quartz contains some impurities such as iron, aluminum and titanium, it will 
make quartz appear color.3 The colors of amethyst, citrine and prasiolite are all related to 
iron.3 Amethyst has been known that can be produced through the heating and gamma 
irradiation of amethyst from a mine called Montezuma in Brazil. This deposit initially 
became famous during the 1960s for amethyst that could be turned green by heating, known 
today as prasiolite or greened amethyst in the gems trade. It is well known that heat may 
reduce the oxidation state of iron in amethyst, and at about 300-500 °C the purple color will 
change to colorless or yellow or green. The resulting green quartz is quite stable to heat, 
unlike the pale green quartz that has been produced with gamma irradiation (but no heat 
treatment) from colorless to very slightly green quartz from Rio Grande do Sul State. This 
latter quartz loses much of its green color when heated to about 150-200 °C or exposed to 
strong sunlight.4  It is postulated that color of amethyst can be related to the replacing Si4+ 
with Fe3+, and alkali metal ions, such as Li+, Na+ or H+, are introduced to maintain the charge 
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balance.5 In addition, holes created during quartz irradiation can also act as charge 
compensations.6 However, the Fe oxidation state in purple-quartz was questioned between 
Fe3+ probed by electron paramagnetic technique as well as Mössbauer spectroscopy and Fe4+ 
derived by geochemical calculation.7 X-ray absorption spectroscopy (XAS) especially a 
region of X-ray absorption near edge structure (XANES) revealed that the cause of color in 
both purple and yellow quartz was affected by the Fe3+ donor states at 3.59 eV and 2.28 eV 
probed by the XAS technique.7 

Several previous works have been studied the treatment methods, especially heat 
treatment and irradiation, of amethyst to discuss the mechanism of the coloration.2 The 
obtained data indicate that the color change of amethyst after heating and irradiation is related 
to the color center activated by iron.2,8 The color center formation of amethyst could be 
related to the iron substitution for silicon in the quartz lattice. The alkali ion released in this 
mechanism may eventually react with an electron, leading to the creation of an interstitial 
neutral atom.9 The study of UV-Visible spectroscopy of amethyst also provide support for the 
existing form of iron element in amethyst. This technique is useful for finding the energy 
state of the ionic absorption relating to the color of the minerals. The combination of the 
oxidation state and the energy state has been applied to describe the color mechanism of 
gemstone. The main absorption bands of amethyst in UV-Vis-NIR spectra are located at 950 
nm, 540 nm and 360 nm, which is considered to be related to the transition of Fe4+ in 
tetrahedral coordination, and these absorption bands show different degrees of changes after 
irradiation or heating.2,6 The absorption bands at different wavelength of amethyst UV-Vis 
spectra are also considered to correspond to the relevant color center.2,6 The UV-Vis-NIR 
spectra of some studies of amethyst coloration show a broad absorption bands at 545 nm and 
345 nm. The absorption band at 545 nm (which is related to a charge-transfer transition of 
Fe3+ and O2-) has a significant relationship with the color of amethyst.2 Amethyst coloration 
was also reported that the violet coloration was observed only in samples where specific sites 
were occupied by Fe3+ ions.5 Mössbauer spectroscopic result measured on quartz with 
radiation and heat treatment showed that only Fe3+ was found in the prasiolite (green quartz) 
and amethyst.8 The UV-Vis spectrometer, X-ray diffraction (XRD), X-ray photoelectron 
spectrometer (XPS) and Electron paramagnetic resonance (EPR) spectrometer were used to 
analyze the visible absorption spectrum, crystal structure, iron ions valence state and oxygen 
type of amethyst. Based on the findings of the experiment, the energy band structure, density 
of states and optical absorption of Fe-doped α-SiO2 with different states were evaluated by 
the first-principles method to analyze the reason for the color change of amethyst 
theoretically. The study found that the color change of amethyst is related to the valence 
transition of iron ions and the existence of Fe4+ has an important effect in imparting purple 
color to the quartz.10  

Citrine can be obtained by heating amethyst at a temperature of about 500 °C. During 
the heat treatment, the transformation of amethyst to citrine is related to the increase in the 
concentration of interstitial Fe3+ related defects and precipitation of iron particles in the 
quartz lattice.11 The brown color is partly due to these inclusions and partly due to a shift of 
the charge-transfer band into the visible as S1 centers ([Fe3+O4/Mi+]) are converted to less 
constricted I centers (Fe3+ in an interstitial site).11 Therefore, the temperature of heat treatment 
has a great effect on amethyst color. The color of amethyst is stable and will not change 
obviously in dark condition after heat treatment.2 

Although, amethyst is a popular gemstone, it is cheaper in the gems and jewelry trade 
when compare to citrine. One factor affecting their values is rarity. Citrine is rarer than 
amethyst although they can be found in the same deposits. Therefore, some amethysts will be 
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treated to turn their colors to citrine resulting in value increasing in the trade. However, not 
every amethyst locality can be changed the violet to intense yellow colors. The amethyst 
localities, and ranges of heating temperatures are considered to be the important factors of 
color-change succession. Thus, this study aims to experimentally heat amethyst from 
Uruguay, which is one of the most important localities for amethyst production, under 
reducing conditions to observe and study the effect of heat on the change of color after 
heating. The study also characterizes the gemological properties of the studied samples. 
 
Methodology:  
Thirty samples of natural rough amethyst from Uruguay ranging from 0.69 to 2.00 ct. were 
used in this study. Their colors displayed from light to dark violet with uneven color 
distribution. To get the color comparison effectively, all of them were polished on one side 
from different crystallographic orientations. In order to investigate whether the degree of 
color change of amethyst after heat treatment was related to its initial color, the amethyst 
samples were divided into three groups according to the initial color including light violet, 
medium violet, and dark violet groups. The samples were heated three times in reducing 
atmosphere and analyzed for the gemological properties, chemical compositions, and 
spectroscopic features. The analytical gemological techniques included specific gravity, 
refractive index, fluorescence, and internal features using standard gemological instruments. 
Some samples were selected for chemical composition analysis by Scanning Electron 
Microscope equipped with Energy Dispersive Spectrometer (SEM-EDS). Ultraviolet-visible-
near infrared (UV-Vis-NIR) absorption spectra for all thirty samples were recorded 
throughout of 250 - 1500 nm before and after heat treatment using a Hitachi U4001 
spectrophotometer, with a slit width of 2 mm and a scan speed of 300 nm/min. The 
Ultraviolet-Visible-Near infrared absorption spectra can give information related to electron 
transitions of trace elements or other structural defects. Heat treating experiments were 
carried out with a SANTE electric furnace. The samples were heated under reducing 
conditions at 250, 350, and 450°C with heating rate at 5°C/minute and soaked for 1 hour at 
each temperature. The furnace was slowly cooled down to room temperature before samples 
removing. All experiments and analysis methods were done at Faculty of Science, Chiang 
Mai University, Chiang Mai, Thailand.  
 
Results and Discussion:  
The thirty natural rough amethysts from Uruguay were light to dark violet with uneven color 
distribution and transparent to semi-transparent (Figure 1). The studied samples were 
classified into three groups depending on their initial color appearance viewed under a 
daylight fluorescence lamp. They consisted of light purple, medium purple, and dark purple 
groups. The specific gravity of all samples ranged from 2.65 to 2.66. The refractive indices 
for nε was 1.541 to 1.548 (average 1.544) and nω was 1.549 to 1.557 (average 1.552) with 
birefringence between 0.007 to 0.009. Those values were consistent with natural amethyst 
from other localities worldwide. The samples were inert under short-wave and long-wave 
ultraviolet radiation before heat treatment. For internal features observed under a gemological 
microscope, uneven color distribution and fractures or healed fractures were found in every 
sample. Some samples showed brown stains along fractures, zebra stripe related to twinning 
in the crystal, black inclusions, and goethite (iron hydroxide mineral).  

Four samples were selected from the three groups for chemical analysis. The chemical 
data of the studied samples were summarized in Table 1. The selected samples revealed major 
weight percentage of elements of silicon (61.90-81.78 wt%) and oxygen (17.26-30.06 wt%). 
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The only trace element detected was iron (0.75-20.84wt%). The concentration of iron 20.84 
wt% derived from the goethite inclusion (FeO(OH)) in one sample which was polished until 
the inclusion reached the sample surface before analyzing. The obtained chemical 
compositions corresponded to the general chemical formula of α-quartz; SiO2. Iron (Fe) was 
the main coloring element affecting the color of amethyst. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  
A set of representative samples in three groups including light violet (upper row), medium 

violet (middle row), and dark violet (lower row), respectively. 
 

Table 1.  
Average chemical compositions in weight percentage of elements of the studied natural 

amethysts from Uruguay determined by SEM-EDS. 
 

Average 
Chemical 

composition (wt.%) 

Light 
violet 
group 

Medium  
violet  
group 

Dark  
violet 
group 

Si 76.03 73.24 77.03 
O 23.27 19.81 22.59 
Fe 0.75 20.84             0.57 

   
The 30 amethyst samples were heated under reducing conditions at 250, 350, and 

450°C with soaking time for 1 hour at each maximum temperature. Change of the colors of 
the samples were compared before and after heat treatment (Table 2). The heating experiment 
showed that the initial colors and transparency of all samples remained unchanged after 
heating at 250°C. After heating at 350°C, the violet color intensity of most samples was 
faded. They showed very light violet to nearly colorless. After heating at 450°C, the very 
light violet samples from the previous heating stage turned into yellow color which varied in 
color intensities. After heat treatment, all samples were still inert under long-wave and short-
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wave ultraviolet radiation. There was no change in the specific gravity and refractive indices 
significantly. The fractures, healed fractures, and zebra stripe in the heated stones were more 
developed (Figure 2). The brown stains and black inclusions turned to yellowish brown and 
brown or reddish brown colors, respectively, while the brown color of goethite mineral 
turned to reddish brown after heating at the last maximum temperature (Figure 3).  

 
Table 2.  

Representative of color changing of natural amethyst samples from Uruguay before and after 
heat treatment at different temperatures. 

 
Initial 
color Unheated 250 °C 350 °C 450 °C 

Light 
violet 

    

Medium 
violet 

    

Dark  
violet 

    

 
 

  
  

Figure 2. Comparison between the zebra stripe (red circle) in the representative amethyst 
sample before (left) and after heat treatment (right).  
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Figure 3. Comparison between the black inclusions (upper row) and goethite inclusion 
(lower row) in the representative amethyst samples before (left column) and after heat 

treatment (right column). 
 

Yellow color in quartz can be obtained by heating amethyst at a temperature of about 
500 °C. During the heat treatment, the transformation of amethyst to citrine is related to the 
increase in the concentration of interstitial Fe3+ associated with defects and precipitation of 
iron particles in the quartz lattice.11 The yellow or brown color is partly due to these 
inclusions and partly due to a shift of the charge-transfer band into the visible region as S1 
centers ([Fe3+O4/Mi+]) which are converted to less constricted I centers (Fe3+ in an interstitial 
site).11 After heat treatment, the color of amethyst is stable and will not change obviously in 
dark condition.2 In some previous studies, when the temperature rises to 380 °C, the violet 
color begins to fade out and gradually becomes colorless. The absorption peaks at 348 and 
545 nm disappeared when the color of amethyst lightened. Then it changes to light green at 
420-440 °C. Therefore, prasiolite or green quartz can be obtained by heating amethyst from 
420-440 °C. As the temperature continues to rise above 440 °C, it slowly changes to yellow 
and gradually deepens. The absorption band appeared around 340 nm.2,10,11 These results are 
correlated with the experimental heat treatment of amethyst samples from Uruguay in this 
study. When the temperature is over 600 °C, it may appear milky white. The suddenly 
increase of color difference at 580 °C, which is the temperature above the phase transition 
temperature (573 °C) of amethyst, can be related to the irreversible destruction of color 
center. 2,11  The appropriate heating temperature to obtain citrine is suggested at 
approximately 560 °C.2 

The UV-Vis-NIR absorption spectra of the thirty unheated amethyst samples showed 
a broad absorption between 340-350 nm, 500-600 nm, and 850-1050 nm. After heating under 
reducing conditions, when the temperature reached 450 °C, the intensity of absorption band 
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between 500-600 nm decreased while the band between 340-350 nm intensified (Figure 4), at 
which time the color of amethyst turned to yellow. This was consistent with the obtained 
absorption band which examined the cause of yellow color in the previous works.2,6,10,11 
Those absorption bands obtained from some previous researches are considered to be related 
to the transition of Fe4+ in tetrahedral coordination and also considered to correspond to the 
relevant color center2,6 while another research considered those bands are related to a charge-
transfer transition of Fe3+ and O2- and has a significant relationship with the color of 
amethyst.2 The absorption band at 545 nm was considered to be the color of amethyst while 
the yellow color is related to the band at 345 nm. Thus, the color change during heat 
treatment is related to the Fe charge state and not to oxygen vacancies.10 
 

 
 
Figure 4. The UV-Vis-NIR absorption spectra of the amethyst samples from Uruguay before 

and after heat treatment under reducing conditions at different temperatures. 
 
Conclusion: 
The gemological properties of the studied amethyst samples from Uruguay indicated that they 
were consistent with natural amethyst from other localities worldwide. Chemical 
compositions showed silicon and oxygen as major elements, and iron as trace element. From 
this heating experiment showed that the temperature of heat treatment has a great effect on 
amethyst color. The initial colors and transparency of all samples remained unchanged after 
heating at 250°C. After heating at 350°C, the violet color intensity of most samples was faded 
and the optimum temperature to change violet to yellow colors was over 450 °C with no 
impact on the clarity of the samples. The UV-Vis-NIR absorption spectra of all samples 
indicated that the cause of color of the amethyst (violet color) and citrine (yellow color) was 
related to presence of iron in the crystal structure. 
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Abstract:  
The Ban Nong Khrok Hot Springs Attraction is a part of the Ban Nong Khrok village, San 
Sai Sub-district, Phrao District, Chiang Mai Province. The methodology in this research is a 
geological investigation, geochemistry investigation, Thailand’s geosite assessment model 
evaluation, and SWOT analysis. The geological investigation found that the hot springs 
occurred due to the movement of the Nong Khrok fault in lower Carboniferous rock. The 
physical characteristics study found that the surface temperature is 67-73 °C. These hot 
springs were high-temperature hot springs or hyperthermal springs. The hot springs are 12 
litres per minute and have continuous flow, which is suitable for the spa business. The hot 
springs and the hot water supply in the Sai Nam Oon village tourism community and the 
Bamboo spa are mixing of infiltrating water and groundwater. The pH value is neutral to 
weakly alkaline, suitable for health spa tourism or hydrotherapy. The geosite potential 
assessment has low academic geological values but a high potential value for management 
and development values. SWOT analysis indicated that the strengths and sustainable 
competitive advantage are the Sai Nam Oon hot spring community homestay and the 
Bamboo spa. The weakness of geosite was the lack of academic knowledge dissemination in 
geological and health sciences. This research is a model for geosite attractions developing in 
low potential academic values by the local community. The community members realize and 
conserved the local resources. In addition, the government supports for safety and facilities 
management such as restrooms, shops, public relations, and community cooperation such as 
local geologic guides, community products, and community tourism activities can make 
geological tourist attractions become tourist attractions that promote sustainable income. 
 
Introduction:  
The Ban Nong Khrok hot springs are located at Nong Khrok village, San Sai sub-district, 
Phrao District, Chiang Mai Province, and have been developed into a tourist attraction by the 
Nong Khrok village community. This research aims to evaluate the geosite and promote the 
geotourism in the Ban Nong Khrok hot springs. The Ban Nong Khrok geosite potential 
evaluation is assessed by the geo-expert researchers. Geotourism is natural tourism and 
focuses on the geologic landscape (landforms, rock outcrops, rock types, sediments, soils and 
crystals) and geologic processes (volcanism, erosion, and glaciation)1. Geotourism is tourism 
that sustains or enhances the distinctive geographical character of a place's environment, 
heritage, aesthetics, culture, and the well-being of its residents. Geotourism is consistent with 
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the sustainable development goals (SDGs) in inclusive and equitable quality education and 
promotes lifelong learning opportunities for all and healthy lives and well-being for all ages. 
The geosite is the geological resource that is suitable for geotourism attraction development. 
Geosite was carried out based on geoheritage values of international significance. The 
qualitative and quantitative assessments for geoconservation efforts should be made in all 
these geosites for many reasons, such as valorization of academic research, preservation of 
natural resources, and promotion of geotourism2. In Thailand, the geosites were evaluated 
based on the Department of Minerals Resources (DMR) with DMR geosite assessment form. 
The DMR geosite assessment form assessed the Main values (scientific and specific type 
values) and the additional values (management and development). The DMR identified the 
geosites into seven types-typical minerals, typical rocks, geological structures, 
geomorphology, hot spring, type section, and fossil. The Ban Nong Khrok hot spring is 
classified as the hot spring geosite and assessed based on scientific values such as geological 
significance, geodiversity, rarity, and geological history and specific type values such as 
water flow volume and continuity, temperature, and geologic reference. The additional values 
are advantageous for sustainable development and tourism promotion management. The 
Additional value indicators are the suitability of size and boundary, accessibility, tourism 
infrastructure, security, community involvement, economic importance, knowledge 
transferring, zoning, protection from destruction, developing potential, and additional 
attractions. This study aims to analyze the characteristics of hot springs in terms of geology, 
geochemistry, and the potential for a geosite development. The scientific values are 
knowledge transferred to the Nong Khrok village community for development and 
management planning.   
 
Methodology:  
The geologic and hot spring investigation and geotourism evaluation were done in the Ban 
Nong Khrok Hot Springs Attraction, the Bamboo Spa, and the Nong Khrok village in May 
2023. The sampling locations were located by handheld GPS device. The hot spring 
investigations aime to in-situ physical properties parameters measuring and the hot water 
samples collecting for chemical analysis in the laboratory. The in-situ parameters measuring 
used the electrometric method with the portable waterproof, HANNA brand, model HI9125 
for pH and temperature (℃) values and the electric conductivity (EC) meter, HANNA brand, 
model HI8733 for conductivity (µs/cm) value. The electrometric probes were washed with 
distilled water before being placed in the hot spring water source for the in-situ 
measurements. The four hot spring samples from the hot spring and Bamboo spa supply 
water were collected into the sampling water bottles for chemical analysis in the laboratory. 
The water sampling bottles were washed with 10% HCL acid (diluted) before placing the 
water samples. Each water samples were placed 500 ml hot water and 0.5 ml HNO₃ in the 
bottles for major cation (Ca, Mg, Na, K, Fe, Mn) analysis and 1,000 ml hot water in the 
bottles for major anion (Cl, HCO3, CO3, SO4) analysis. The water samples were transferred 
into a cooling box and stored in a refrigerator at 20℃.  

The total dissolved solid (TDS), cation (Na, K, Ca, Mg, Fe, and Mn) concentrations, 
and anion (Na, K, Ca, Mg, Fe, and Mn) concentrations were analyzed at the Geochemical 
Laboratory of Geological Science, Faculty of Science, Chiang Mai University. The TDS 
analysis used the dried method at 180 C°. The cation concentrations were analyzing by the 
PerkinElmer AAnalyst 200 Atomic Absorption Spectroscopy (AAS) with an accuracy of up 
to mg/l. The anion concentrations as the chloride (Cl) concentration were analyzed by the 
argentometric titration method with an accuracy of up to mg/l, the carbonate (CO3) and 
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bicarbonate (HCO3) concentrations were analyzed by titration method, and the SO4 
concentration was analyzed by turbidimeter (waterproof infra-red turbidimeter of Eutech 
Instruments model TN-100) with 0 to 1000 NTU.  

The geosite potential evaluation used the geosite assessments model based on 
Thailand’s DMR manual. Thailand’s geosite assessments model (TH-GAM) indicators are 
composed of the Main Values (MV) and the additional values (AV). The MV indicators are 
dependent on the geosite’s natural characteristics, and the AV indicators are human-induced 
that generated by modifications for use by visitors. The MV is composed of a group of 
scientific/educational (VES) indicators, and the AV consist of groups of functional values 
(VFn), protection values (VPr), and tourism values (VTr) indicators.  

The geosite potential evaluation relied upon the weighted score method that evaluates 
following the equation (1). The sum of the weight of indicators is the multiple of the 
indicator's weight relative to others and the indicator's significance, which ranged from 1 to 5 
in this case. 

Vj = åWkSjk                     (1) 
 

Vj: Sum of the indicator’s weight 
Wk: Weight of indicators relative to other indicators 
Sjk: Indicator’s significance, ranging from 1 to 5 in this case  
 

The assessment criteria in this research are the high potential scores ranging from 75 to 100, 
the moderate potential scores ranging from 50-74, and the low potential scores ranging from 
0 to 49. Thailand’s geosite assessment model (TH-GAM) and the indicator's weight for hot 
springs are shown in Table 1. The TH-GAM for the hot spring type was used for the Nong 
Khrok Hot Spring Attraction and was done in November 2022 and August 2023 by geo-
experts. In addition, the SWOT analysis in the internal and external factors assessments. The 
SWOT analysis also included extensive observations of developments after the COVID-19 
pandemic. 
 
Results and Discussion:  
Geological investigation for Ban Nong Khrok hot spring attraction area and vicinity is 
composed of six rock units (Figure 1) the lower Carboniferous sedimentary rock unit (C1), 
the upper Carboniferous sedimentary rock unit (C2), the Permian limestone unite (Pm), the 
Triassic granite (Trgr), Quaternary sedimentary rock unit (Qt), and Quaternary sediments unit 
(Qa). The Ban Nong Khrok hot spring attraction has found a geothermal water spring out by 
the Nong Khrok fault in the lower Carboniferous rock unit. The hotspring investigation found 
that the geothermal water springs out of several holes. The flow rate of a hot spring is 12 
liters per minute, which is suitable for the spa business. The local community zoned the area 
and built up the hot spring pond and its facilities (Figure 2). There are four hot spring ponds 
(nos. 1, 2, 3, and 4), the rest pond (decreasing temperature pond) (no. 5), and the supply water 
in the Sai Nam Oon community homestay and the Bamboo spa through a PVC tube from the 
hot spring (no. 6). The landscape is suitable for use and has a geothermal water supply system 
by PVC tube to the Ban Nong Khrok village and the Bamboo spa. 
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Table 1. Thailand’s Geosite Assessment Model (TH-GAM) and the weight of indicators 
(Wk) for hot springs. 

 
TH-GAM Indicators 1 2 3 4 5 Wk 
Main Values (MV)       
Scientific/Educational Value (VSE)  
1. Geoscientific issues 
outstanding 

none province regional national international 15 

2. Geodiversity (types of geosites) none > 1 type > 2 types > 3 types > 4 types 10 
3. Rarity none province regional national international 20 
4. Representativeness of geologic 
history 

none paleoenviron
ment 

geologic time, 
geologic event 

Paleoenviron
ment, geologic 
event 

Paleoenvironme
nt, geologic 
time, 
geologic event 

15 

The geosite’s natural characteristics of Hot Spring  
5. Flow rate and characterizing 
flow 

<<50 l/min., 
discontinuous 
flow 

<50 l/min., 
discontinuous 
flow 

<50 l/min., 
continuous flow 

>50 l/min., 
discontinuous 
flow 

>50 l/min., 
continuous flow 

20 

6. Temperature <40°C 40-80°C 80-90°C 90-100°C >100°C 10 
7. Geoscientific references none province regional national international 10 
Additional Values (AV)  
Functional values (VFn), Touristic Value (VTr), and Protection (VPr)  
1. Suitability of the size and 
boundary of the area 

<500 m2, not 
clear 
boundaries 

<500 m2, clear 
boundaries 

500-1,000 m2, 
not clear 
boundaries 

500-1,000 m2, 
clear 
boundaries 

>1,000 m2, 
clear 
boundaries 

10 

2. Accessibility: Possibilities of 
approaching to the site 
(convenient to accessibility, good 
direction signs, and no 
environmental change) 

inconvenient 
to 
accessibility, 
no direction 
signs, and 
environmental 
change 

convenient to 
accessibility, 
poor direction 
signs, and 
environmental 
change 

convenient to 
accessibility, 
good direction 
signs, but 
environmental 
change 

convenient to 
accessibility 
and no 
environmental 
change but 
poor direction 
signs 

convenient to 
accessibility, 
good direction 
signs, and no 
environmental 
change 

10 

3. Tourism infrastructure: Level 
of additional infrastructure for 
tourist (1. pedestrian pathways, 2. 
toilets, and 3. parking lots) 

none 1 
infrastructure 

2 
infrastructures 

3 fair 
infrastructures 

3 good 
infrastructures 

10 

4. Security measures: safety for 
tourists in geosite and vicinity, 
having a safety officer 

none low medium high high with 
security grads  

10 

5. Community Involvement in 
area management and 
conservation 

none low with no 
geoscientific 
knowledge 

medium with 
low 
geoscientific 
knowledge 

high with 
moderate 
geoscientific 
knowledge 

high with high 
geoscientific 
knowledge 

10 

6. Economic significance: New 
business from geosite, local 
guides employment, sustainable 
community management 

none new business, 
non-local 
guides 
employment 

no new 
business, local 
guides 
employment 

new business, 
local guides 
employment 

new business, 
local guides 
employment, 
sustainable 
community 
management 

10 

7. Geoscientific information 
panels, promotion and local 
guides 

none information 
signs/ fair 
local guides 

information 
signs and local 
guides 

information 
signs and 
good local 
guides 

information 
signs and expert 
local guides 

5 

8. Area zoning: good area zoning 
and good information sign, 
geosite staff 

none no zoning, no 
sign, geosite 
staff 

zoning, no sign, 
geosite staff 

zoning, sign, 
no geosite 
staff 

zoning, sign, 
geosite staff 

5 

9. Invulnerability (the need for 
protection from destroy) 

none low (destroy 
within 100 
years) 

medium 
(destroy within 
10 years) 

high (destroy 
within 5 
years) 

Very high 
(destroy within 
3 years) 

15 

10. Acceptable changes 
(development potential) 

none low medium high very high 10 

11. Additional natural values none 1-2 sites 3 sites 4 sites >5 sites 5 
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Figure 1. Geologic cross section and hot spring formation model of the Ban Nong Krok hot 
spring Tourist Attraction, Phrao District, Chiang Mai Province.  

 

 
 

Figure 2. Hot spring water sample location of the Ban Nong Khrok Hot Springs Tourist 
Attraction and Bamboo Spa, Phrao District, Chiang Mai Province. 
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The physical properties are the in-situ parameters that are analyzed in the field as 
surface temperature (T), pH, and electric conductivity (EC) (Table 2). The surface of the hot 
springs ranges from 56 - 68.1 °C. The maximum surface temperature of pond number 1 is 
68.1 °C, suitable for egg boiling. The temperatures of the pond are ranging from 64.70 to 
67.70 °C. The other rest pond has lower temperatures to keep the water warm so that it is 
suitable for use, such as pond no. 5. The surface temperature of the Ban Nong Khrok 
Attraction is hyperthermal springs, based on the Thailand geothermal springs classification. 
The temperatures of the Sai Nam Oon community homestay and the Bamboo spa supply 
water are 38.5 °C, classified as a thermal spring suitable for hydrotherapy. The pH values of 
the hot spring samples range from 7.11 - 7.93, classified as a weak alkaline hot spring and 
bicarbonate alkalinity. Geochemistry of four hot spring water samples was done on two hot 
spring water samples (nos. 1 and 2), a rest pond sample (no. 5), and a supply of water 
samples in a Bamboo spa through a PVC tube from the hot spring (no. 6) (Figure 2). The EC 
in geothermal water refers to the ability of water to conduct an electric current that is 
determined by the ionic content of dissolved solid concentration. Sample no. 2 has the highest 
conductivity, while sample no.6 has the lowest TDS values. 

The chemical concentration of total dissolved solids (TDS) and the major ions (Na, K, 
Ca, Mg, Fe, Mn, Cl, F, HCO3, CO3, and SO4) was analyzed in a laboratory and shown in 
Table 3. The TDS of geothermal water samples ranged from 553 (sample no. 6) to 586 mg/l 
(sample no. 1), with 572.50 mg/l on average. All water samples are freshwater based on TDS 
classifications. The total hardness calculated from the 2.497 Ca + 4.115 Mg equation ranged 
from 75.07 to 88.24 mg/l with an average of 82.67 mg/l. The geothermal water samples were 
moderately in hardness. The Na content of geothermal water ranges from 166.60 to 185.00 
mg/l with an average of 174.05 mg/l. The K content of geothermal water ranges from 13.17 
to 17.80 mg/l, with an average of 15.16 mg/l. The Ca content of geothermal water ranges 
from 22.07 to 27.14 mg/l, with an average of 25.22 mg/l. The Mg content of geothermal 
water ranges from 4.69 to 7.85 mg/l, with an average of 4.79 mg/l. The Fe content of 
geothermal water ranges from 0.12 to 2.86 mg/l, with an average of 0.82 mg/l. Fe content of 
less than 1.0 mg/l (the standard drinking water of the Groundwater Act in 1991) except pond 
number 1 is thermal water samples. The Mn content of geothermal water ranges from 0.08 to 
0.16 mg/l, with an average of 0.01 mg/l. The Cl content of geothermal water ranges from 
0.72 to 6.51 mg/l, with an average of 3.41 mg/l. The sulfate (SO4) content of geothermal 
water ranges from 13.75 to 20.13 mg/l, with an average of 16.86 mg/l. Bicarbonate (HCO3) 
geothermal water content ranges from 465.47 to 497.83 mg/l, with an average of 484.76 mg/l. 
Hot springs have HCO3 content higher than the average of Thailand's thermal water. The 
chemical reaction of geothermal water flows through wall rocks, such as limestone and 
dolomite. The CO3 content of geothermal water ranges from 20.81 to 26.52 mg/l, with an 
average of 22.65 mg/l. 

 
Table 2. The in-situ parameters (conductivity, temperature, and pH) of the research area. 

 
Sample Number Conductivity 

(ms/cm) 
Temp. 

°C 
Classification pH Classification 

1. hot spring pond 1 1285 68.10 Hyper thermal 7.11 Neutral spring 
2. hot spring pond 2 1307 67.60 Hyper thermal 7.23 Neutral spring 
3. hot spring pond 3 1285 66.20 Hyper thermal 7.25 Neutral spring 
4. hot spring pond 4 1258 64.70 Hyper thermal 7.43 Neutral spring 
5. hot spring pond 5 1190 56.30 Hyper thermal 7.93 Weak alkaline spring 
6. Bamboo spa  1031 38.50 Thermal 7.91 Weak alkaline spring 
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Table 3. The concentration of major ions (mg/l) in the Ban Nong Khrok hot springs. 

 
Sample Number 1 2 5 6 Average 
TDS 586 578 553 573 572.50 
Total hardness 83.75 88.24 83.64 75.07 82.67 
Na 178.0 166.6 166.6 185.0 174.05 
K 17.80 15.03 14.63 13.17 15.16 
Ca 25.81 27.41 25.57 22.07 25.22 
Mg 4.69 4.81 4.81 4.85 4.79 
Fe 2.86 0.15 0.16 0.12 0.823 
Mn 0.08 0.16 0.09 0.08 0.103 
Cl 0.85 0.72 5.54 6.51 3.41 
HCO3 494.50 497.83 465.47 481.24 484.76 
CO3 21.22 20.81 26.52 22.03 22.65 
SO4 13.75 13.81 20.13 19.73 16.86 

 
The Piper diagram4, Cl-SO4-HCO3 ternary diagram5, and K-Na-Mg ternary 

geothermometer diagram6 (Figure 3a) were used to classify the geothermal spring water 
samples. The hydrochemical facies were classified by Piper diagram4, which shows the 
bicarbonate geothermal water. The Cl-SO4-HCO3 ternary diagram5 used for the types of 
water classification by major anion that all geothermal spring water samples plot in the 
bicarbonate water field (Figure 3b), indicating a process of mixing with the near-surface 
groundwater during their ascent to the surface. All geothermal spring water samples are 
plotted in the immature area of the Mg-Na-K ternary diagram6 (Figure 3c), which means they 
are chemically not in equilibrium (the water mixed with meteoric water and groundwater). 

 
Figure 3. Geochemical diagram classification of hot spring water samples of the Ban Nong 
Khrok Hot Springs (a) Piper diagram4 (b) Cl-SO4-HCO3 ternary diagram5 and (c) Na-K-Mg 

ternary geothermometer diagram6. 
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 Hot springs are a geothermal resource that add value to tourist destinations and attract 
visitors7,8. The potential evaluation of geotourism is shown in Table 4. The weighting score 
for the main values of hot springs is divided into 60% scientific values and 40% special 
values. The assessment of the Ban Nong Khrok hot springs following the TH-GAM and the 
sum of weight score method is 36% of main values (18% scientific values and 18% special 
values for hot springs), which are low potential values. The additional values are functional, 
tourist values, and protection values. The assessment shows 90% additional values, which are 
high potential values. The potential assessment of the geosite in the Ban Nong Khrok 
Attraction shows low-potential academic values and high-potential additional values. This 
research is knowledge transfer to the local community by hot spring scientific sign panel and 
continuous monitoring of the tourist behaviour by QR code on sign panel. The advantages of 
this research are increasing the score of additional values, the local community sustainable 
development plans and the sustainable natural resources management.  

In addition, the SWOT Analysis indicated that the strength is the Sai Nam Oon 
community homestay and the Bamboo spa are managed by the local community, the tourism 
activities of the Sai Nam Oon Village (the local way of life experience), and the support by 
the Northern Science Park to be an agricultural and health tourism community. The weakness  
 

Table 4. Thailand’s Geosite Assessment Model of the Ban Nong Khrok Hot Springs 
Attraction. 

 
TH-GAM Indicators Wk Sjk WkSjk Remark 
Main Values (MV) 
Scientific/Educational Value (VSE) 
1. Knowledge of geoscientific issues  15 1 3 not outstanding 
2. Geodiversity 10 1 2 1 type of geosite within 3 km 
3. Rarity 20 1 4 not outstanding 
4. Representativeness  15 3 9 Nong Khrok fault (only special geologic event) 
The geosite’s natural characteristics of Hot Spring 
5. Flow rate and characterizing flow 20 3 12 12 lite/minute (less than 50 liter/minute)/ continuous 

(suitable for spa) 
6. Temperature 10 2 4 66-69 °C (temperature between 40-80 °C) 
7. Geoscientific references 10 1 2 not outstanding 

åWk (%) 100 Vj 36 Assessment Criteria: low-potential 
Additional Values (AV) 
Functional Values (VFn), Touristic Values (VTr), and Protection Values (VPr) 
1. Suitability of the scope and size of the area 10 5 10 3,500 m2 (more than 1,000 m2) 
2. Accessibility 10 5 10 convenient to accessibility, good direction signs, and 

no environmental change  
3. Tourism infrastructure 10 4 8 convenient to accessibility in geosite, toilets, more 

parking 
4. Security measures 10 4 8 safety for tourists in geosite and vicinity, not having a 

safety officer 
5. Community Involvement in area management 
and conservation 

10 5 10 high community involvement in area management 
and conservation 

6. Economic significance 10 4 8 hot water supply through PVC tube for Bamboo spa 
and Sai Nam Oon community homestay (not 
sustainable) 

7. Geoscientific information panels, promotion, 
and local guides 

5 2 2 the level rises up from 1 to 2 after this research and 
should be promoted by the local guides 

8. Area zoning 5 4 4 good area zoning and good information sign but non-
officer 

9. Invulnerability (the need for protection from 
destroy) 

15 5 15 may be destroyed within 3 years 

10. Acceptable changes (development potential) 10 5 10 high development potential 
11. Additional natural values 5 5 5 Bamboo spa, Thai Buffalo Conservation home, Ban 

Pong hot spring, organic mango farm, local activity, 
local food cooking (more than 5 attractions) 

  100 Vj 90 Assessment Criteria: high-potential 
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is no dissemination of academic knowledge in geology and health sciences, and the currently 
renovated for the convenience of tourists. The opportunities are a part of the Phrao Model 
project that aims to develop the community through the local wisdom to develop community-
based health and agricultural tourism after recovering from the COVID-19 pandemic. The 
threats are several well-known hot spring attractions for tourists in Chiang Mai province and 
in the process of re-opening services after the COVID-19 pandemic. 
 

Table 5. SWOT analysis of geotourism in the Ban Nong Khrok hot springs attraction. 
 

Strengths Opportunities 
• The Sai Nam Oon community homestay and 

the Bamboo spa are managed by the local 
community. 

• Tourism activities of the Sai Nam Oon Village 
(the local way of life experience) 

• The Ban Nong Khrok tourism community has 
been supported by the Northern Science Park 
to be an agricultural and health tourism 
community. 

• This geosite is in the area of the Phrao 
Model project that was established from 
the needs of the community and searching 
for wisdom to develop community-based 
health tourism. 

• Promoting agricultural and health tourism 
after recovering from the COVID-19 
pandemic. 

Weaknesses Threats 
• There is no dissemination of academic 

knowledge in geology and health sciences. 
• The attraction is currently being renovated 

for the convenience of tourists. 

• Chiang Mai province has a number of 
well-known hot spring attractions for 
tourists. 

• Currently in the process of opening 
services after the COVID-19 pandemic. 

 
Conclusion:  
The geotourism is a way to integrate the geological significant value and sustainable resource 
management. Therefore, scientific research for the geological resource is necessary for 
geosite assessment. The Ban Nong Khrok Hot Springs attraction is a part of the Ban Nong 
Khrok village area, Phrao District, Chiang Mai Province and is the hot spring geosite. The 
Ban Nong Khrok hot spring attraction has found a geothermal water spring out by the Nong 
Khrok fault in the lower Carboniferous rock unit. The physical characteristic of the hot spring 
is high-temperature hot springs (hyperthermal) with low quantity and continuous water flow 
that are suitable for spa business. The hot water supply of the hot spring and the Sai Nam 
Oon village tourism community and Bamboo spa hot water supply is the mixing of 
infiltrating water from rainwater and surface water and groundwater. The groundwater 
percolates deeply enough into the crust by the Nong Khrok fault, and it comes into contact 
with hot rock and circulates to the ground surface. The Ban Nong Khrok Hot Spring is a 
general hot spring based on chemical concentration. The pH value is neutral to weakly 
alkaline, suitable for health spa tourism or hydrotherapy. The geosite potential assessment of 
the Ban Nong Khrok hot springs attraction has low academic geological values but high 
management and development values. The SWOT analysis indicated that the strengths and 
sustainable competitive advantage are the Sai Nam Oon hot spring community homestay and 
the Bamboo spa. The weakness of geosite was the lack of academic knowledge dissemination 
in geological and health sciences. This scientific research on hot springs and geological 
knowledge transferring increased the TH-GAM scores and reduced the weaknesses. This 
research is a model for geological attractions developing in low academic value geosite by 
the local community. 
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Abstract:  
Rapid urbanization in Ban Thum subdistrict, Mueang Khon Kaen district has increased the 
risk of widespread groundwater and soil salinity problems. The goal of this study is to 
evaluate the hydrogeological characteristics and groundwater chemistry of Ban Thum, in 
order to develop plans for sustainable groundwater use and address contamination issues. 
Hydrogeological data and twenty groundwater samples were collected and analyzed to 
determine the physico-chemical parameters, total dissolved solids, major cations, major 
anions, and trace metal ions. The results showed that the primary groundwater flow was from 
the northeastern to the southwestern part of the study area. Nevertheless, the presence of 
multiple cones of depression in the central region and a high hydraulic head area in the south 
resulted in groundwater movement from the south towards the central region. Based on TDS 
measurements, most of the groundwater samples fell into the fresh category, while some 
samples fell within the brackish water category. A comprehensive analysis of groundwater 
chemistry revealed multiple processes, including inflowing water recharging the aquifer, 
saltwater mixing, ion exchange along the flow path, and the influence of geological, 
mineralogical, and various geochemical environments. The predominance of the sodium-
chloride facies in the hydrochemical distribution suggests the impact of halite dissolution 
within the groundwater system. Additionally, the Durov diagram shows potential processes, 
including dissolution or mixing, while the Gibbs diagram indicates that rock weathering is the 
primary influencer of groundwater composition. 
 
Introduction:  
Groundwater is a significant source of water for domestic, industrial, and agricultural usage. 
In numerous parts of Thailand where the supply of surface water is constrained, population 
growth, urbanization, industrialization, and agricultural expansion have increased the demand 
for groundwater resources. This trend is particularly pronounced in the northeastern Thailand. 
In addition to a high demand for water, this area encounters issues associated with water 
quality problems. 
 In northeastern Thailand, salinity stands out as a major challenge1, arising from both 
natural processes and human activities. Natural factors include the presence of rock salt 
deposits, saline water, and groundwater flow, while human actions, such as deforestation, 
groundwater extraction, local salt production, and extensive irrigation, contribute to the 
issue.2,3,4,5 Due to its fast urbanization, Ban Thum subdistric, Mueang Khon Kaen district in 
particular faces these significant issues. Additionally, some places in this region experience 
problems with soil salinity that obstruct common agricultural activity. The region has seen an 
increase in water demand over time, which has increased the risk of widespread soil salinity, 
saline groundwater, and groundwater contamination. The growth of residential communities 
and industrial facilities is closely related to these difficulties. This study aims to investigate 
the hydrogeological characteristics and assess the groundwater chemistry in the Ban Thum 
area , with the goal of planning for groundwater utilization and addressing future groundwater 
contamination issues in the local community. 
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Methodology:  
Study Area 
The study area (Figure 1) is located in the southern part of Ban Thum subdistrict, Mueang 
Khon Kaen district, Khon Kaen province. This region is rapidly urbanizing, with several new 
communities and numerous industrial industries present. The surficial layer of the study area 
consists of unconsolidated materials, specifically Quaternary alluvial and terrace soils, which 
vary in thickness from a few meters to over 5 m. The Quaternary sediments overlie 
mudstone, siltstone, and rock salt of the Maha Sarakham formation. This formation 
comprises four distinct salt units, primarily composed of basal anhydrite, lower salt, potash 
zone, a variegated salt unit, lower clastic, middle salt, middle clastic, upper salt, and upper 
clastic. Their thicknesses vary from 10 m. to over 200 m., contingent upon the local 
geological structure's association with rock salt deposition.5 In this area, shallow groundwater 
is found within the unconsolidated aquifer, which can be classified as either unconfined or 
semi-confined aquifer.6 The semi-confined aquifer is composed of fracture zones that have 
developed within the clastic sedimentary rocks. 
 

 
Figure 1. The location of the study area and the distribution of sampling points. 

 
Groundwater Sampling 
Twenty groundwater samples were collected from the study area in January 2023 at the well 
locations shown in Figure 1, using high-density polyethylene plastic containers. The well 
locations were established using RTK GNSS positioning systems. In-field measurements 
were conducted in order to determine the depth to the water table and assess certain 
properties of water samples, which comprised pH, electrical conductivity (EC), and 
temperature. Additionally, water samples were stored and preserved in both acidified and 
non-acidified bottles. 
 
Analytical methods 
The chemical analyses of water samples were carried out at the Geochemical Laboratory of 
the Department of Geotechnology, Faculty of Technology, Khon Kaen University, following 
the standard methods for the examination of water and wastewater outlined by the American 
Public Health Association. In the laboratory, the total dissolved solids (TDS) of water 
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samples were analyzed by drying them at 180°C. Major anions, including Cl-, CO32-, and 
HCO3-, and total hardness were determined through titration, while NO3- and SO42- were 
analyzed using a UV-Visible Spectrophotometer. Major cations (Ca2+, Mg2+, K+, and Na+) 
and trace metals, including Cd2+, Cu2+, Fe2+, Mn2+, Pb2+, and Zn2+, were determined using an 
Atomic Absorption Spectrometer. The accuracy of the chemical analyses for the cation-anion 
balance was verified using the ion balance equation. The ion balance errors for the analyzed 
samples were found to be below 5%, which is acceptable. 
 
Results and Discussion: 
Hydrogeological Characteristics  
The data collected during the fieldwork can be used to calculate the hydraulic heads in the 
study area, as depicted in Figure 2. The hydraulic head in this area ranges from 130.94 to 
205.90 meters above mean sea level. The primary direction of groundwater flow is from the 
northeastern part to the southwestern part of the study area, towards the Khong Yai and 
Khong Nam Chan. However, it exhibits several cones of depressions in the central region, 
and there is a high hydraulic head area in the southern part. This leads to the groundwater 
flowing from the south to the central part of the study area. The areas with lower hydraulic 
heads (Ban Lao Kwian Hak and Ban Daeng Noi) are associated with communities that have a 
high rate of groundwater extraction. In areas with high hydraulic heads, which are also 
affected by salinity issues in both soil and groundwater, the local population is unable to use 
the groundwater for domestic consumption or agricultural purposes. This situation results in 
higher groundwater levels compared to other areas. 
 

 
Figure 2. Groundwater contour map and groundwater flow directions of the study area 

 
Groundwater Chemistry 
Water chemistry parameters of groundwater samples and their basic statistical summaries are 
presented in Table 1. The results from a plot comparing ionic charges between cations and 
anions (Figure 3) demonstrate the accuracy and reliability of the analytical datasets. The 
correlation matrix in Table 2 was used to understand the interrelationships among 
physicochemical parameters, different ions, their species, and to trace the source of origin. 
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Table 1. Chemical analysis for major ion concentrations of groundwater samples. 
Sample EC 

(µS/cm) pH 
Concentration (mg/L) 

TDS CO32- HCO3- SO42- Cl- NO3- Ca2+ Na+ K+ Mg2+ Fe2+ Mn2+ Zn2+ 
B1 2,202 5.78 948 0 462 5.71 355.7 2.44 165.9 207.5 3.83 19.45 < 0.04 0.086 < 0.006 
B2 1,926 6.99 928 0 494 8.40 345.9 2.26 131.4 212.6 3.78 28.75 < 0.04 < 0.016 < 0.006 
B3 4,493 6.95 3,740 0 260 32.69 1,992.4 3.81 591.4 525 7.68 99.30 9.15 < 0.016 4.454 
B4 2,066 7.47 1,204 0 364 111.43 338.09 59.76 84.91 215.8 159.9 32.15 < 0.04 < 0.016 < 0.006 
B5 2,394 7.35 1,204 0 520 10.08 530.27 2.52 136.2 354.4 4.35 24.82 0.11 < 0.016 < 0.006 
B6 1,171 7.71 600 40 594 7.31 124.96 2.79 39.58 310.9 4.30 10.01 < 0.04 < 0.016 < 0.006 
B7 2,328 7.38 1,120 0 506 12.94 527.58 2.35 161 284.2 3.01 30.68 0.38 < 0.016 < 0.006 
B8 3,118 7.08 2,256 0 334 12.10 1,224.62 9.03 170.3 772 5.15 30.60 2.43 < 0.016 < 0.006 
B9 1,009 7.43 508 0 552 5.88 149.95 2.13 85.57 153.8 3.47 21.68 < 0.04 < 0.016 < 0.006 

B10 475.1 6.83 244 0 162 6.30 50.434 1.95 45.06 31.51 1.20 9.58 < 0.04 < 0.016 < 0.006 
B11 3,119 6.67 2,724 0 400 8.15 847.11 2.92 445.7 80.9 2.46 97.75 8.63 < 0.016 0.036 
B12 1,910 6.99 904 0 414 5.71 429.62 2.26 101.2 305 3.87 23.91 < 0.04 < 0.016 < 0.006 
B13 854.1 7.64 432 36 386 5.38 149.95 2.35 69.9 154.6 3.11 10.46 < 0.04 < 0.016 < 0.006 
B14 859.2 7.40 440 0 458 4.96 130.38 2.48 53.01 188.4 3.24 9.94 < 0.04 < 0.016 < 0.006 
B15 916.9 7.90 524 40 480 5.04 113.38 2.26 31.36 250 4.51 3.26 0.05 < 0.016 < 0.006 
B16 803.8 7.58 416 0 450 4.62 105.83 2.26 65.2 133.7 4.27 13.46 < 0.04 < 0.016 < 0.006 
B17 1,944 6.97 968 0 372 5.55 574.82 3.41 185 307.5 5.30 30.72 < 0.04 < 0.016 < 0.006 
B18 4,240 6.69 2,816 0 410 12.52 1,203.20 15.85 301.1 502.1 5.99 60.86 < 0.04 < 0.016 < 0.006 
B19 3,740 6.58 2,944 0 380 7.56 1,280.30 19.43 372.7 406.3 7.19 75.01 < 0.04 < 0.016 < 0.006 
B20 939.3 7.09 540 0 502 6.72 124.96 5.27 88.19 162.4 3.14 20.17 0.59 < 0.016 < 0.006 
Min 475.1 5.78 244 0 162 4.62 50.43 1.95 31.36 31.51 1.20 3.26 0.05 0.086 0.036 
Max 4,493.0 7.90 3,740 40 594 111.43 1,992.4 59.76 591.4 772.0 159.9 99.30 9.15 0.086 4.454 
Mean 2,025.4 7.12 1,273 5.8 425 13.95 529.97 7.38 166.23 277.93 11.99 32.63 3.05 0.086 2.245 
S.D. 1,170.7 0.47 1,003.7 13.83 98.18 23.16 510.45 12.89 146.09 168..32 33.97 27.54 3.77 0.0 2.209 

 

 
Figure 3. Comparison between sum of anions (meq/L) and sum of cations (meq/L) 

 
Table 2. Correlation coefficient matrix of chemical data of groundwater samples. 

 EC pH TDS HCO3- SO42- Cl- NO3- Ca2+ Na+ K+ Mg2+ TH 

EC 1            

pH -0.50 1           

TDS 0.96 -0.44 1          

HCO3- -0.27 0.32 -0.36 1         

SO42- 0.19 0.13 0.17 -0.23 1        

Cl- 0.94 -0.40 0.96 -0.42 0.13 1       

NO3- 0.23 0.03 0.21 -0.20 0.91 0.13 1      

Ca2+ 0.87 -0.50 0.94 -0.37 0.07 0.90 0.03 1     

Na+ 0.69 -0.11 0.63 -0.14 0.06 0.74 0.12 0.40 1    

K+ 0.04 0.16 0.01 -0.15 0.97 -0.05 0.94 -0.10 -0.05 1   

Mg2+ 0.86 -0.45 0.93 -0.34 0.17 0.85 0.16 0.97 0.33 0.02 1  

TH 0.91 -0.49 0.97 -0.37 0.08 0.92 0.14 0.95 0.51 -0.06 0.96 1 
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The pH in the groundwater samples ranging from 5.78 to 7.90, with an average of 

7.12, indicate a slightly acidic to alkaline nature of the groundwater. Furthermore, there is a 
negative correlation between pH and the major ions. Electrical Conductivity (EC) measured 
in the field serves as an indicator of ion presence and the concentrations of dissolved 
components. It exhibits a direct correlation with both total dissolved solids and chloride 
concentration, which are parameters used in groundwater classification. Electrical 
conductivity and total dissolved solids distribution are high in the southeastern part of the 
study area and decrease towards the west, as shown in Figure 4. The electrical conductivity 
of groundwaters in the study area varies between 475.1 and 4,493.0 microsiemens per 
centimeter (µS/cm), with an average of 2,025.4 µS/cm, showing a broad range of variations 
and standard deviations. TDS in groundwaters from the study area ranges from 244 to 3740 
mg/L. Based on TDS, approximately 60% of groundwater samples fall into the fresh category 
(250-1000 mg/L), while over 40% fall within the brackish water category (1,000-10,000 
mg/L). Variations in EC and TDS values are attributed to multiple processes, encompassing 
inflowing water recharging the aquifer, saltwater mixing, ion exchange along the flow path, 
and the influence of geological, mineralogical, and various geochemical environments. 

 

 
Figure 4. Spatial distribution of electrical conductivity in the study area 

  
Total Hardness (TH) is another parameter that demonstrates a strong correlation with 

electrical conductivity and total dissolved solids. It is defined as the combined concentration 
of calcium and magnesium, expressed in milligrams per liter as calcium carbonate. The 
distribution of calcium and magnesium ions in groundwater from the study area is illustrated 
in Figure 5. Calcium ions exhibit concentrations ranging from 31.35 to 591.40 mg/l, whereas 
magnesium ions vary from 3.26 to 99.30 mg/l. Elevated concentrations of calcium and 
magnesium are concentrated in the southeastern part, while lower levels are evident in the 
western part, similar to the EC and TDS distribution. Calcium and magnesium primarily 
originate from the dissolution of carbonate minerals, notably calcite and dolomite, which are 
abundant in limestone terrains and serve as common cementing phases in many sandstones. 
In certain sedimentary sequences, layers containing highly soluble minerals like gypsum and 
anhydrite can also serve as significant sources of dissolved calcium. 
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Figure 5. Spatial distribution of major ion concentrations (mg/L) in the study area. 

 
 Other significant cations in the groundwater are potassium and sodium. The 
concentration of potassium ions in the groundwater within the study area varies from 1.20 to 
159.9 mg/L, with the highest levels detected in groundwater from the open shallow dug well, 
potentially indicating contamination from anthropogenic activities. The concentration of 
sodium ions ranged from 31.51 to 772.0 mg/L, correlating with the concentration of chloride 
ions, which ranged from 50.43 to 1,992.4 mg/L. The concentration of sodium ions ranged 
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from 31.51 to 772.0 mg/L, correlating with the concentration of chloride ions, which ranged 
from 50.43 to 1,992.4 mg/L. Both sodium and chloride concentrations are highest in the 
southwestern part of the study area, with one location in the northern part also exhibiting 
elevated levels as shown in Figure 5. Silicate weathering serves as a prevalent origin of 
dissolved sodium and potassium ions. Furthermore, sodium, potassium, and chloride are 
readily found in halite and sylvite, which are frequent components of ancient evaporite 
deposits. When these minerals encounter groundwater, they dissolve with such intensity that 
they contribute significantly to concentration levels. 
 Sulfate concentrations in groundwaters generally range from 4.62 to 111.43, as 
depicted in Figure 5, indicating relatively low concentration levels. However, there is one 
location where the sulfate concentration is at its highest, aligning with the highest potassium 
and nitrate concentrations. While sulfate ions are typically attributed to the dissolution of 
gypsum and anhydrite, the strong correlation between sulfate and nitrate concentrations 
suggests contamination from anthropogenic sources.7 The analyzed groundwater samples 
have exhibited high concentrations of trace metals, including iron, manganese, and zinc, 
which were observed in the water from a shallow dug well, potentially originating from 
anthropogenic sources. In particular, iron ions in certain areas, as shown in Figure 5, were 
found to exceed the recommended limit of 1 mg/L. 
 
Hydrochemical Facies and Processes 
The Piper trilinear diagram8 constitutes a significant tool employed for the interpretation of 
hydrogeochemical facies. By plotting the geochemical data on a Piper trilinear diagram, as 
depicted in Figure 6a, that can gain insight into the geochemical evolution of groundwater 
and its relationship with various dissolved ions. Groundwater falls within all zones of the 
diamond diagram, with 40 percent in the Sodium-Chloride type and 25 percent in the mixed 
Calcium-Sodium-Bicarbonate type, as shown in the hydrochemical facies distribution in 
Figure 7. The Piper Diagram shows a trend of increasing sodium and chloride concentrations 
from the recharge area to the discharge area, which is a result of the halite dissolution 
process. The Durov diagram9 (Figure 6b) provides an alternative way of illustrating potential 
geochemical processes that could influence the formation of water. It is one of the most 
frequently used diagrams for improving the characterization of hydrochemical water types 
and identifying potential hydrochemical processes.10 According to Lloyd and Heathcoat's 
classification (1985)11,12,13,14, most groundwater samples fall within a field where neither 
cations nor anions dominate, suggesting dissolution or mixing in the groundwater. Some 
samples are also located in the sodium and chloride-dominant field, indicating a possible 
reverse ion exchange of sodium and chloride in the water. Meanwhile, a few samples fall 
within the bicarbonate and sodium field, which indicates ion exchange in the water. 
 The chemistry of groundwater is influenced by various factors, including the physical 
characteristics of the aquifer and the mineral composition of the water-bearing rocks. To 
depict the significant hydrogeochemical processes governing the chemical composition of 
groundwater as it flows, the Gibbs diagram15 should be employed. Figure 8 shows that most 
samples are situated in the central part of the diagrams, suggesting that rock weathering is the 
primary factor influencing groundwater evolution. However, an observed trend towards the 
upper zone may indicate the influence of mixing between fresh and saline groundwater with 
elevated sodium and TDS levels.16,17,18 Moreover, specific groundwater samples are affected 
by the evaporation-fractional crystallization process. The increase in sodium ratios may be 
attributed to the presence of halite mineral19,20,21 in the Maha Sarakam Formation. 
Furthermore, evaporation, which is also influenced by climate factors, occurs in surface water 
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and moisture in the unsaturated zone, leading to the concentration of ions in that zone. 
Subsequently, when leaching processes take place in the area, water infiltrates toward the 
saturated zone.14 

 

 
Figure 6. a) Piper trilinear b) Durov diagrams describing the hydrochemical facies 

classification in the study area. 
 

 
Figure 7. The distribution of hydrochemical facies in the study area compared with 

groundwater flow. 
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Figure 8. Gibbs diagram depicting the mechanism controlling the groundwater chemistry of 

the study area. 
 

Conclusion: 
To assess the hydrogeological characteristics and groundwater chemistry in the Ban Thum 
area, twenty groundwater samples and hydrogeological data were collected and analyzed. 
Groundwater primarily flowed from the northeastern to the southwestern part of the study 
area. However, the presence of multiple cones of depression in the central region and a high 
hydraulic head area in the south led to groundwater movement from the south towards the 
central region. These spatial variations in hydraulic head were associated with local 
groundwater extraction rates, ultimately affecting the availability of groundwater for 
domestic and agricultural use. A comprehensive analysis of groundwater chemistry revealed 
multiple factors influencing the water quality in the study area. The application of 
hydrochemical diagrams, including the Piper trilinear diagram, Durov diagram, and Gibbs 
diagram, provided valuable insights into the hydrogeochemical facies and processes that 
impact the groundwater in this area. The predominance of the sodium-chloride facies in the 
hydrochemical distribution suggests the impact of halite dissolution within the groundwater 
system. Additionally, the Durov diagram shows potential processes, including dissolution or 
mixing, while the Gibbs diagram indicates that rock weathering is the primary influencer of 
groundwater composition. Furthermore, there is clear evidence of interactions between fresh 
and saline groundwater, resulting in high sodium-chloride and total dissolved solids content 
in the groundwater. 

This study offers a comprehensive understanding of the physical and chemical 
properties of groundwater in the study area. The information gathered is essential for 
determining the quantity and quality of groundwater, which can then help with sustainable 
management in the area. In the future, we may conduct more in-depth investigations into the 
precise mechanisms that influence groundwater chemistry and their consequences on local 
communities and ecosystems. Furthermore, the results establish a strong foundation for 
addressing salinity issues, enhancing groundwater utilization, and designing protective 
measures, all of which will contribute to ensuring the long-term sustainability of this essential 
resource. 
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Abstract:  

In this work, the removal efficiency of hydrogen sulfide from biogas using durian peel 
biochar as an adsorbent was studied. Physical and chemical properties of durian peel biochar 
were determined. Moisture content, volatile matter content, ash content, and fixed carbon 
were found to be 8.31±1.67%, 41.87 ± 0.59%, 18.98 ± 1.92%, and 30.57 ±1.02%, respectively. 
The pH value of biochar was 8.62. FTIR results of durian peel biochar showed the carboxylic 
and hydroxide radical groups, being most likely responsible for H2S adsorption. Then, the 
effect of pallet size (1.0 cm and 1.5 cm) and initial concentration of H2S (500 ppm and 1000 
ppm) on the adsorption capacity were investigated. The results showed that a smaller pellet 
size increase of the adsorption capacity owning to increasing of surface area of adsorbent. The 
lower initial concentration of H2S of 500 ppm had higher adsorption capacity compared to 
1000 ppm. Finally, the elemental and morphological changes before and after adsorption can 
assure the adsorption efficiency of such an adsorbent. Therefore, durian peel biochar could be 
used as an alternative adsorbent for removing H2S contained in biogas.  
 
 
Keywords: Biogas, Hydrogen sulfide, Adsorbent, Durain peels biochar. 
 
Introduction: 
 Alternative renewable sources of energy are today seen as potential solutions to the 
problems of growing energy demand, progressive depletion, and negative environmental 
impact of fossil fuel resources. Biogas, one of potential renewable energies, is a mixture of 
different gases produced by the biological decomposition of organic matters in the absence of 
oxygen. Biogas mainly consist of methane (CH4), carbon dioxide (CO2), and trace amounts of 
other gases such as hydrogen sulfide (H2S), ammonia (NH3), hydrogen (H2), nitrogen (N2), 
and carbon monoxide (CO). The composition of the biogas varies based on the substrate 
feedstock, temperature, and pressure of each process1. The presence of elevated concentrations 
of H2S in biogas is problematic because of its highly corrosiveness and toxicity2. and serious 
environmental concerns due to their oxidation to sulfur dioxide (SO2) and sulfuric acid 
(H2SO4)3. Several physicochemical processes have been studied in order to remove H2S from 
biogas such as the adsorption process4, catalytic process 5, biological process6, and hydrate 
formation7. However, these technologies required a high-cost operation as well as technical 
complication, preventing its application for small-scale users. 
 The adsorption process is a promising technology to remove H2S contained in biogas 
for small-scale users, especially in household owning to its low-cost operation and 
uncomplicated utilization and maintenance. Adsorbent type is an important factor effecting on 
the efficiency of such a process. Activated carbon is one of the most suitable adsorbent 
materials. But, its cost acts as a barrier to the take up of biogas technology. Biochar, a carbon-
rich material obtained by a thermal decomposition of biomass under oxygen limiting 
conditions, is currently attractive for the new low-cost alternative adsorbents. In comparison 
with an activated carbon, the manufacturing of biochar required less energy and no pre- and 
pros-activation processes. 
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 In this research, we are interested in developing durian peels, into biochar to be used 
as an adsorbent for removing hydrogen sulfide from biogas. Durian peels are considered a 
large amount of residual waste, especially during the fruit season. They cause pollution 
problems for environment because they are generally eliminated by burning which has a 
negative effect on the environment. To reduce environmental pollution problems, this research 
has improved the efficiency of durian peels as durian biochar to be used as a good adsorbent. 
 
Methodology 
1. Preparation of biochar 
 Durian peel sample was collected from Pa Phayom District, Phatthalung Province and 
dried in the sun for a period of 24 hours. Sample was passed through a pyrolysis process at 
the temperature of 350 ๐C for 4 hours. Biochar was stored in a heat-proof jar for further 
analysis of physical and chemical properties and adsorption efficiency. 
 
2. Chemical and physical properties of adsorbent 
 The physical and chemical properties of durian peel studied in this work were moisture 
content, volatile compound content, ash content, fixed carbon content, pH and BET surface. 
Moisture content analysis was performed according to ASTM D 3173 standard by heating 1 g 
of biochar at 105-110 °C for 180 minutes. Volatile matter content was determined according 
to ASTM D 3175 standard by heating 1 gram of charcoal at 900 °C for 30 minutes.                      
The percentage of ash content was determined, according to ASTM-D 2866–94 standard 
procedure, Three experiments were performed for each property, Fixed carbon content (%) 
was calculated by 100 - (moisture content (%) + volatile matter content (%) + ash content 
(%). 
 pH measurement was performed by taking 1 gram of biochar and mixed with 10 ml of 
distilled water. A mixture was agitated during 30 minutes for equilibrium and filtrated to 
separate biochar and solution. solution was taken to measure the pH using a pH meter. The 
experiment was repeated 3 times. 
 The functional group of selected biochar durian peel was analyzed before adsorption 
process, through FTIR transmission spectra. It was recorded using a PERKIN ELMER 
Spectrum One FTIR spectrophotometer in the wave number range of 4000–450 cm−1. Durian 
peel biochar was ground with KBr (AR grade) at a ratio of roughly 1:999. 5 mg of fine 
powder (oven dried at 110 °C for 12 h) was made in to a pellet by continuously pressing at 5 
ton.cm2 for 1 min 
 
3. Adsorption efficiency. 
 The efficiency adsorption of hydrogen sulfide contaminants in biogas was studied 
using durian peel biochar as an adsorbent. In the first step, the effect of pallet sizes (1.0 cm 
and 1.5 cm of diameter) of adsorbent on adsorption capacity was studied. Experiment was 
carried out using 10 g of durian peels biochar in the packed-column with an internal diameter 
of 2.50 cm and the length of 40.00 cm, initial concentration of hydrogen sulfide of 500 ppm 
and a flowrate of 500 mL/min. In the second step, the effect of initial concentration of 
hydrogen sulfide (500 ppm and 1000 ppm) on the adsorption capacity was investigated using 
durian peel biochar with the pallet size of 1.0 cm of diameter. The adsorption system is 
installed with the biogas production system. As shown in Figure 1. Composition to biogas 
was analyzed by GC every 5 min for 120 minutes. 
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Figure 1 Schematic diagram of the adsorption system experiment 

 
The adsorption percentage was calculated using the following equation (1). 

adsorption percentage (%) = 
(𝐶𝐶0- 𝐶𝐶𝑡𝑡)
𝐶𝐶0

x 100     (1) 

Where Ct is the concentration of adsorbate at time t, C0 is the initial concentration of the 
adsorbate, t is time, Qf is flowrate of biogas and mc is mass of ash adsorbent. A breakthrough 
curve was established from C/C0 and time. A comparison of H2S breakthrough curve (C/C0 
versus time) at different conditions of adsorption provides information about the optimal 
adsorption condition. The breakthrough capacity at 5% was calculated using the following 
equation (2). 

𝑞𝑞𝑡𝑡 =  �1 −
𝑐𝑐𝑡𝑡
𝑐𝑐0
�
𝑄𝑄𝑓𝑓𝑡𝑡𝑓𝑓𝑦𝑦𝑓𝑓
𝑚𝑚𝑐𝑐

           (2) 

 
4. Morphological properties 

The morphological analysis of coconut shell biochar before and after adsorption process 
was determined using a Scanning Electron Microscopy (SEM) in order to obtain the sorbent 
surface morphologies as well as to determine localized chemical composition. 
 
Research and Discussion 
1. Chemical properties and physical properties of biochar adsorbent  

Physical and chemical properties of durian peel biochar was determined and are 
shown in Table 1. 

 
Table 1 physical and chemical properties durian peel biochar 

Feature durian peel biochar 
Moisture content (%) 8.57 ± 1.06 

Volatile compound content (%) 41.87 ± 0.59 
Ash content (%) 18.98 ± 1.92 

Fixed carbon content (%) 30.57 ±1.02 
                                          pH                                                                                                                    8.62 

The moisture content in durian peel biochar was found to be 8.57 ± 1.06% whish was 
consistent with that found in the investigation of Manmeen et al.8 who study of H2S removal 
with biochar, sewage sediment and pig biochar. They reported that increasing moisture 
content increases the ability to eliminate H2S of biochar. Volatile compound content was 
found to be 41.87 ± 0.59%. Biochar with low volatile compounds provides higher adsorption 
capacity12. Ash content is equal to 18.98 ± 1.92%. The fixed carbon content of biochar from 
the durian peel was 30.57 ±1.02%. Biochar with higher fixed carbon will have higher 
adsorption capacity. According to Juntarachat et al.12 The pH value of durian peel biochar was 

______________________________________________________________________________________________
© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49)

697



4 
 

8.62. According to Shang et al.12, the pH values greater than 7.0 make the alkaline surface 
which is conducive to H2S adsorption since H2S is an acidic gas. 

 
2. FTIR analysis and morphological properties 

Figure 2 shows the FTIR spectra of  durian peel  biochar in the range of                         
4000–450 cm−1.  

The important peaks were characterized. The peak at 700-690 cm−1 was associated with C–H 
stretching vibration. The strong band at 1410 cm−1 was attributed to C-O stretching vibration 
in the carboxylate group. The peak at 1710 cm−1 corresponded to C = O stretching vibration in 
aromatic ring. The spectra between 3,500 and 3,200 cm−1 broad characteristics revealed O–H 
stretching induced by hydrogen bonding. FTIR spectra pattern of durian peel biochar studied 
in this work agrees well with those investigated by Manmeen et al.8. FTIR analysis results 
showed that carboxylic and hydroxide radical groups which were most likely responsible for 
H2S adsorption. 
 
3. Hydrogen sulfide (H2S) adsorption. 

Efficiency adsorption of H2S was studied using durian peel biochar as the adsorbent. 
In the first step, the effect of pallet sizes of adsorbent on the adsorption capacity as evaluated 
using initial concentration of H2S of 500 ppm. Figure 3 represents H2S breakthrough curves 
of adsorbent with diameters of 1.0 cm and 1.5 cm. It can be seen that durian peel biochar with 
the pallet size of 1 cm. had better adsorption efficiency than that with the pallet size of 1.5 
cm. This can be explained by a greater adsorption area of adsorbent. Our experimental results 
agree well with the investigations of Shang et al.13  
 
 
 
 
 
 

 
 

Figure 2 FTIR spectra of the durian peel biochar before the adsorption process 
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In the second step, the effect of initial concentration of H2S on the capacity adsorption 

was investigated using adsorbent with 1.0 cm of diameter. Figure 4 represents H2S 
breakthrough curves for the initial concentration of 500 ppm and 1000 ppm. It can be seen 
that the initial H2S concentration of 500 ppm showed better adsorption efficiency compared 
to the initial concentration of H2S of 1,000 ppm. Breakthrough time at 500 ppm and 1000 ppท 

were observed at 90 minutes and 50 minutes, respectively. A higher concentration of H2S 
making higher volume of total molecules causes adsorptive site on the surface area of the 
adsorbent to saturate faster.  
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Figure 3 H2S breakthrough curves of adsorbent with diameters of 1.0 cm and 1.5 cm 

Figure 4 H2S breakthrough curves for the initial concentration of 500 ppm and 1000 ppm 

______________________________________________________________________________________________
© The 49th International Congress on Science, Technology and Technology-based Innovation (STT 49)

699



6 
 

3. Morphological and elemental characteristics 
SEM analysis of biochar derived from the durian peel before and after adsorption 

process were presented in Figure 5.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Before the adsorption, the surface of adsorbent material was observed to be smooth at the 
magnification of 2500 X and it was found to possess cratered and rough cavities distributed 
over the surface at the same magnification after the adsorption. Table 2 presents EDX results 
before and after adsorption. Before the adsorption process, durian peel biochar contained 
85.26 % carbon (C), 13.61 % oxygen (O), 1.01% potassium (K), and small trace of other 
elements.  

 
Table 2 Elemental composition of durian peel biochar before and after the adsorption process 
Elements (w%)  C O Mg K P S 
durian peel biochar Before adsorption 85.26 13.61 0.12 1.01 - - 

After adsorption 82.63 13.5 0.34 2.97 0.25 0.31 
 

The concentration of sulfur (S) increased from 0% before the adsorption process to 
0.31% after adsorption. The percentage of sulfur on durian peel biochar assuring its H2S 
adsorption. Such elemental changes were observed in the investigation of Kanjanarong et al.11 

 
Conclusion 

The removal efficiency of H2S from biogas using durian peel biochar as an adsorbent 
was studied. Physical and chemical properties of biochar: moisture content, volatile matter 
content, ash content, and fixed carbon content were determined and found to be 8.57 ± 1.06%, 
41.87 ± 0.59%, 18.98 ± 1.92% and 30.57 ±1.02%, respectively. An appropriate amount of 
moisture can increase the adsorption capacity of adsorbent but the high ash content can 
decrease such a capacity. The pH value of biochar was 8.62, making the alkaline surface of 
adsorbent and leading to be conducive for removing H2S. Then, the H2S removal efficiency of 
durian peel biochar adsorbent was investigated at different pellet sizes: 1.0 and 1.5 cm with 
initial concentration of H2S at 500 ppm and 1000 ppm. The results showed that a small pellet 
size increases surface area of adsorbent, allowing the increase of the adsorption capacity and 
the lower initial concentration of H2S increased the adsorption capacity of adsorbent.            

(a) (b) 

Figure 5 SEM micrograph of durian peel biochar at a magnification of 2500X:  
(a): Durian peel biochar before the adsorption process and (b): Durian peel biochar after 

the adsorption process 
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The elemental and morphological change before and after adsorption can assure the ability of 
durian peel biochar for the biogas cleaning.  
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Abstract:  
Pak Pat volcanic rocks are scattered around the Nam Pat District of Uttaradit Province and 
are part of the Nan-Uttaradit volcanic Belts. This study aims to classify the eruption pattern, 
mineral components, rock name, and alteration processes based on field investigation, 
lithology, petrography, and geochemistry of both major oxides and trace elements. According 
to macroscopic and microscopic studies, the studied rocks can be classified into three types, 
consisting of (1) porphyritic andesite with plagioclase phenocryst, (2) seriated andesite with 
plagioclase phenocryst, and (3) plagioclase-rich poor-sorted crystal tuff. In addition, volcanic 
facies of appearance can be distinguished, consisting of homogenous volcanic facies formed 
by cooling lava with intermediate composition (andesite) and pyroclastic facies formed by 
deposits of volcanic ash and volcanic fragments (crystal tuff) exploded in an explosion type. 
Based on its chemical composition, the rocks can be classified as andesite/basalt and andesite 
as well as dacite based on major oxides. The high molar (K+Na+2Ca)/Al and very low malar 
K/Al suggest that andesites gained K+ and loss of Na+ and Ca2+. Furthermore, the alteration 
index (AI) and Chlorite-Carbonate-Pyrite Index (CCPI) ratios are interpreted as the rocks 
related to the sericitization of plagioclase and alteration of alkaline feldspars.   
 
Introduction:  
The geology of northern Thailand is very irregular, diverse, and obscure. Even though 
tectonic models which may explain the geological history of this region have been proposed 
for decades, this idea is still controversial. The evolution of volcanic rocks before the 
collision of the SIBUMASU Block and the Indochina Block, until they collided in the late 
Triassic period1-4, resulted in volcanic rock formations spreading in Thailand in 4 directions 
from west to east as follows: 1) Chiang Rai-Chiang Mai volcanic belt, 2) Chiang Khong-Tak 
volcanic belt, 3) Nan-Uttaradit volcanic belt, and 4) Loei-Phetchabun volcanic rock belt 
(Figure 1). 

The volcanic rock in this study is part of the Nan-Uttaradit volcanic rock line 
distributed in the area of Ban Pak Pat, Saen Tor Sub-district, Nam Pat District, Uttaradit 
Province. Singharajwarapan and Berry5 suggest that the Pak Pat volcanic rocks have 
composition ranges from intermediate to acid, consisting of greyish to greenish volcanic 
rocks with chemical compositions similar to rhyolite to dacite associated with greenish to 
purple-red pyroclastic rocks. The Pak Pat volcanic rocks occurred during the Permian period 
to the Triassic period as a barrier between the Nan River in the west and the Nam Pat group 
in the east. These volcanic rocks discontinue contact with the metagreywacke and phyllites of 
the Pha Som Group (Silurian-Devonian) in the western boulders by the Phu Khon Kaen thrust 
fault line. In addition, the eastern flank borders the Middle Triassic Huai Lat Formation6 by 
unconformity (Figure 1). 
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Figure 1. Distribution map of pre-Cretaceous igneous rocks of Thailand1-4 and geologic map 
of the studied area5. 

 
The volcanic rocks in this area are not clearly classified and studied in mineralogy and 

alteration. The purpose of this study is to classify rock names and volcanic facies according 
to mineral composition and texture based on petrographic data. In addition, this work studies 
the geochemical composition of both major oxides and trace elements that can be used to 
interpret the alteration conditions and to draw conclusions about the formation of igneous 
rocks in this area. Furthermore, the usefulness of this study can be used to compare with the 
data in the nearby areas that have been studied which may be used to improve the theory of 
tectonic evolution in Thailand to be accurate. 
 
Methodology:  
The method of this study included a field investigation, a petrographic study, and a chemical 
analysis of least-altered rock samples. The names and alteration processes of these rocks 
could be interpreted based on their mineralogical and geochemical characteristics. 

Eighteen standard thin sections, nine geochemical samples, loss on ignition (LOI), 
trace elements and major oxides analyses were prepared and analyzed at the Department of 
Geological Sciences, Faculty of Science, Chiang Mai University. Determination of major 
oxides (SiO2, TiO2, Al2O3, MnO, MgO, CaO, Na2O, K2O, P2O5, and total iron oxides in the 
form Fe2O3) and trace elements (Ba, Sr, Rb, Zr, T, Nb, Cr, Ni, Sc, and V) are performed by 
X-ray fluorescence Spectrometer (XRF).  

The determination of parental oxides is in the form of a fusion disc. This was done by 
mixing 0.7 g of the sample powder with 0.06 g of lithium bromide and 3 g of dilithium 
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tetraborate. The mixture was mixed and placed in a platinum crucible, melted using a gas 
burner for about 20 minutes, and then poured into a platinum crucible and placed on a hot 
plate. Trace Element Quantification Analysis is in the form of a pressed powder. Sample 
preparation was performed by mixing 5 g of sample powder with 0.3 g of XRF MULTI-MIX 
PXR-200, which was then placed in a mould containing 3 g of boric acid as a retainer and 
compressed by a hydraulic press with a force of 180 kN for 1 min. LOI was analysed by 
heating a platinum crucible containing a 1.0 g sample in a furnace at 1000°C for 12 h. 
 
Results and Discussion:  
The topography of the study area is mostly gentle slope mountains and heights 248–307 m. 
above sea level.  The study area is an old quarry, located at the foot of the Phu Huai Muang 
mountain range (Figure 2). Field observation divides rocks into two types that consist of (1) 
greyish-green porphyritic rocks presented with opaque minerals and (2) greyish-green 
pyroclastic rocks presented with rock fragments and pyrite. There are opaque minerals 
scattered in the grey-green fine-grained rock. There are many directions of veins cutting 
through. The samples do not show magnetism. 

a b c

 
Figure 2. Outcrops of Pak Pat volcanic rocks in Nam Pat District, Uttaradit Province (a) old 
quarry, (b) porphyritic rocks, and (c) pyroclastic rocks. 
 

The petrographic study suggests that the rock samples taken in this project were 
separated into three groups. There are five samples of andesite exhibited a porphyritic 
texture, three samples of andesite exhibited a seriate texture according to the Streckeisen 
classification7, and ten samples of crystal tuff presented volcanic fragments according to the 
Schmid classification8. 

Porphyritic andesites are sample numbers PP2, PP11, PP14, PP15 and PP18. The 
samples are greyish green, and the weathered surface presents yellowish brown. Some 
samples react with dilute hydrochloric acid (PP11, PP15 and PP18) and some do not react 
with dilute hydrochloric acid (PP2 and PP14). According to petrography, the studied rocks 
were classified as porphyritic andesite exhibiting plagioclase phenocrysts and a small amount 
of quartz between the plagioclase crystals (Figure 3a). Plagioclase crystals (size 0.25-2 mm 
across) are dispersed about 30% by volume of the rock and moderately alter to sericite and 
epidote (Figure 3b-c). Some plagioclase glomerocrysts have been replaced by hematite and 
calcite. The groundmass is fine-grained plagioclase crystals with small amounts of quartz and 
partly replaced by epidote, chlorite, calcite, pyrite and a small amount of quartz.  

Seriated andesites are samples numbered PP1, PP5 and PP17. The specimens are 
grey-green, and the weathered surface presents yellowish brown. Some samples react with 
dilute hydrochloric acid (PP5) and others do not react with dilute hydrochloric acid (PP1 and 
PP17).  
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In addition, the seriated andesites exhibit a seriated texture (Figure 3d), with 
plagioclase crystals embedded in the ground minerals that present a uniform alignment 
(Figure 3e). Phenocrysts have different sizes up to 2 mm across, showing anhedral to 
subhedral shapes. Plagioclase moderately altered to sericite and epidote as well as some 
crystals were replaced by calcite. Some of the rocks were replaced by epidote, chlorite, and 
pyrite as well as epidote and calcite veins. 

Pyroclastic rocks are samples numbered PP3, PP4, PP7, PP8, PP9, PP10, PP12, PP3, 
PP16 and PP19. The specimens are greyish-green, and the weathered surface presents 
yellowish brown color. Some samples react with dilute hydrochloride (PP3, PP4, PP8, PP9 
and PP13) and some did not react with dilute hydrochloride (PP7, PP10, PP12, PP16 and 
PP19). Petrography classifies the rock as crystal tuff showing pyroclastic texture and volcanic 
fragments (Figure 3f). The samples present poor sorting and are composed of various sizes of 
plagioclase in fine volcanic ash that highly altered to clay minerals. The plagioclase is 
smallest at about 0.15 mm, and largest at about 3 mm, showing anhedral to subhedral shapes. 
Plagioclase moderately altered to sericite and epidote, some of which have been replaced by 
iron oxide, epidote, chlorite, pyrite, quartz, and calcite and also present as veins. 

a b c

d e f

 
Figure 3. Photomicrographs in cross-polarized light of Pak Pat volcanic rocks in Nam Pat 
District, Uttaradit Province (a), (b), (c) porphyritic andesite with plagioclase phenocrysts, (d), 
(e) seriated andesite, and (f) crystal tuff. 
 

According to geochemical analysis, the studied rocks have the following major oxide 
contents: 53.31-68.68 wt% SiO2, 0.45-0.90 wt% TiO2, 17.21-23.21 wt%; Al2O3, 4.98-10.02 
wt% FeO, 0.05-0.14 wt% MnO, 3.31-7.71 wt% CaO, 1.06-4.43 wt% MgO, 0.28-1.01 wt% 
K2O, 2.52-3.73 wt% Na2O, and 0.11-0.25 wt% P2O5 as present in Table 1. In addition, the 
amounts of trace elements are as follows: Ba 469.53-697.17  ppm, Rb 7.36-27.27  ppm, Sr 
217.90-405.55 ppm, Y 17.06-18.26 ppm, Zr 74.80-150.66 ppm; Nb 1.42-2.51 ppm, Ni 15.02-
20.26 ppm, Cr 9.50-17.17 ppm, V 69.79-148.02 ppm, Sc 9.16-23.99 ppm, and Th 0.01-10.42 
ppm. 
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The chemical variation diagram of major oxides and zirconium (Zr) classifies that 
TiO2 , FeO and MgO tended to decrease with increasing Zr content indicating magnetite, 
ilmenite and titanite crystallization. The Cr and Ni tended to decrease with increasing Zr 
content indicating olivine and pyroxene crystallization, while Al2 O3  tended to decrease and 
CaO tended to increase and decrease with increasing Zr content indicating plagioclase 
crystallization. 

 
Table 1 Geochemical analysis presents major oxides and trace elements of the Pak Pat 
Volcanic Rocks 
Sample 
no. PP1 PP2 PP3 PP4 PP5 PP9 PP12 PP14 PP15 

Major oxide (wt%) 
SiO2 66.29 55.09 56.70 54.97 68.68 53.31 54.47 57.28 55.44 
TiO2 0.49 0.87 0.90 0.84 0.45 0.90 0.87 0.81 0.85 
Al2O3 18.56 23.21 20.59 22.28 17.21 23.04 22.68 21.55 22.36 
FeO* 5.28 8.55 10.02 8.67 4.98 9.54 8.77 8.52 8.60 
MnO 0.09 0.08 0.10 0.12 0.05 0.13 0.14 0.09 0.11 
CaO 3.47 6.40 4.57 7.36 3.31 6.15 6.97 5.10 7.71 
MgO 1.34 2.79 4.43 3.21 1.06 4.06 3.94 3.48 2.84 
K2O 1.01 0.36 0.68 0.28 0.72 0.49 0.35 0.71 0.14 
Na2O 3.73 3.36 2.89 2.97 3.81 3.17 2.52 3.21 2.65 
P2O5 0.25 0.15 0.13 0.16 0.24 0.16 0.17 0.11 0.16 
sum. 100.53 100.86 101.00 100.87 100.50 100.96 100.88 100.85 100.86 
LOI 2.62 3.77 4.60 3.81 2.40 4.29 3.84 4.06 3.89 
Trace elements (ppm) 
Ba 697.17 503.84 525.98 492.32 657.82 505.52 494.23 562.51 469.53 
Rb 27.27 12.2 24.14 7.36 23.33 13.39 13.06 20.5 8.98 
Sr 348.01 370.7 217.9 405.55 355.66 323.7 380.1 278.06 403.88 
Y 18.26 17.27 17.84 17.33 17.81 17.38 17.08 17.5 17.06 
Zr 150.66 80.15 76.98 95.91 143.45 90.22 96.06 74.8 94.34 
Nb 2.32 3.01 2.51 1.95 1.55 2.14 1.42 1.73 1.58 
Ni 15.02 16.17 20.26 19.94 16.76 19.86 21.1 18.49 18.67 
Cr 10.63 9.5 17.5 15.99 10.01 12.46 17.19 10.05 9.64 
V 75.68 136.51 148.05 128.97 69.79 143.78 139.1 133.03 137.19 
Sc 9.16 18.15 14.81 23.99 11.91 19.08 22.83 18.55 24.05 
Th 0.17 5.1 10.42 2.52 <1.00 5.28 <1.00 1.74 <1.00 
Select element ratios 
Zr/TiO2 310.15 92.61 85.76 113.58 320.77 100.68 110.01 92.91 110.80 
Nb/Y 0.13 0.17 0.14 0.11 0.09 0.12 0.08 0.10 0.09 
Nb/Zr 0.02 0.04 0.03 0.02 0.01 0.02 0.01 0.02 0.02 
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The chemical composition of the studied rocks can be considered in conjunction with 
the classification scheme of Le Bas et al.9, shown in Figure 4a, using Na2O+K2O/SiO2 
content, consisting of basaltic andesite (sample PP2, PP4, PP9, PP12 and PP15), andesite 
(sample PP3 and PP14) and dacite (sample PP1 and PP5), which is similar to the 
classification scheme of Winchester and Floyd10 shown in Figure 4b using the amount of 
Zr/Ti*0.0001 content It consists of andesite/basalt (for example PP2, PP3, PP4, PP9, PP12, 
PP14 and PP15) and andesite (sample PP1 and PP5).  

Alteration indices, such as the Ishikawa alteration index (AI) and the chlorite-
carbonate-pyrite index (CCPI), have been developed to measure sericite intensity chlorite, 
carbonate, and pyrite replacement of sodic feldspars associated with hydrothermal alteration 
proximal to the orebodies. In addition, silica will be formed as cryptocrystalline quartz and 
microcrystalline quartz during the hydrothermal alteration.  

a b

 
Figure 4. Volcanic rocks classification by geochemical composition (a) Na2O+K2O/SiO2

10 and (b) 
Zr/Ti*0.0001-Nb/Y11. 
 

The studied andesites were plotted close to the plagioclase area with a high molar 
(K+Na+2Ca)/Al value and very low malar K/Al on the diagram11-12. Potassium 
metasomatism decreases molar (K+Na+2Ca)/Al and increases molar K/Al values, partly 
observed for the studied rocks (Figure 5a). This diagram can assume as the andesite gained 
K+ as well as loss Na+ and Ca2+ similarly to CCPI. This result is relatively consistent with 
some plagioclases’ petrography altered to sericite, and alkali-feldspars were replaced by clay 
minerals in the selected volcanic rocks. According to the verses of AI and CCPI, andesitic 
samples are interpreted as related to plagioclase alteration or sericitization and alteration of 
alkaline feldspar (Figure 5b). 
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Figure 5. (a) Plots of K/Al vs. (K+Na+2Ca)/Al11-12 by the alteration minerals kaolinite, illite, and 
adularia plot on a line of slope 1. Unaltered rocks typically have (K+Na+2Ca)/Al >1. Potassium 
metasomatism leads to decreasing (K+Na+2Ca)/Al and increasing K/Al values. (b) Plots of the 
Chlorite-Carbonate-Pyrite Index versus Alteration Index of studied volcanic rocks on the alteration 
box plot13 showing the relative degree of alteration and general alteration mineralogy. 

 
Conclusion:  
Field studies have shown that the Pak Pat Volcanic Rocks at Nam Pat District, Uttaradit 
Province, Northern Thailand are composed of volcanic rocks cooled from intermediate lava 
and pyroclastic rocks formed by explosion. The petrographical study classified rocks into 3 
groups, which consist of (1) porphyritic andesite with plagioclase glomerocryts, (2) Seriated 
andesite exhibits plagioclase phenocrysts and groundmass alignment, and (3) plagioclase-rich 
crystal tuff presents pyroclastic poor-sorted. Plagioclase phenocrysts always present anhedral 
to subhedral crystals. All of these rocks illustrate moderate to high alteration i.e., plagioclase 
alters to sericite, epidote, and clay minerals. There are many directions of epidote, calcite, 
chlorite, and iron-rich veins. In addition, some of the rock has been replaced by epidote, 
chlorite, calcite, pyrite and small amounts of quartz. 

The results of the study can be concluded that the volcanic rocks in Ban Pak Pat, Saen 
Tor Sub-district, Nam Pat District, Uttaradit Province had an explosive eruption, which is 
hypothesised to have caused a lava flow, volcanic fragments, and volcanic ash before the lava 
cools and crystallizes to volcanic rocks. These volcanic fragments and volcanic ash are also 
deposited in this lava bundle, which produces pieces of pyroclastic rocks. The volcanic rocks 
in this area can be classified into two volcanic facies that comprise (1) volcanic rocks formed 
by cooling lava with intermediate composition (andesite) and (2) pyroclastic rocks formed by 
deposits of volcanic ash and volcanic fragments (crystal tuff). 

Intermediate-mafic volcanic rocks in this study area can be classified according to 
their chemical composition as basaltic andesite, andesite, and dacite (based on major oxides), 
as well as andesite and andesite/basalt (based on trace elements). According to high molar 
(K+Na+2Ca)/Al and very low malar K/Al, the andesite gained K+ as well as loss Na+ and 
Ca2+ by alteration process. In addition, the AI and CCPI ratios of andesites are interpreted as 
related to the sericitization of plagioclase and alteration of alkaline feldspars. 

Further study of the chemical composition is required because the rock samples taken 
in the study are probably different from their origin because these rocks have altered a lot. As 
a result, the geochemical data is inappropriate for tectonics interpretation. Therefore, a rare 
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earth elements (REEs) analysis should be conducted for more in-depth details to describe the 
tectonic setting and the eruption environment of the area. 
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Abstract:  

Microporous carbon materials were successfully prepared from sugarcane bagasse via 
solid-state potassium hydroxide (KOH) activation. The preparation procedures were proposed 
in this study; and could be considered as an easy and solvent-free for the synthesis of 
materials. Sugarcane bagasse was used as carbon precursor, melamine as a nitrogen source, 
and KOH as an activation agent. The microporous carbon material was then obtained by 
pyrolysis at 600 ˚C for 1 h under nitrogen atmosphere. The effects of with-/without activation 
agent were studied. Evidently, various techniques were employed to investigate the 
physicochemical properties of the micropore carbons. The BET surface area and pore volume 
of the microporous carbon materials were estimated from the N2 adsorption isotherms at 77 
K, up to 787.972 m2/g and 0.463 cm³/g respectively. The narrow pore size distribution 
showed an average supermicropore size of about 0.53 nm. The chemical activation using 
KOH provided microporosity. The microporous carbon material (BMOH) showed the carbon 
dioxide adsorption at 1 bar of 4.36 and 2.96 mmol/g at 0, 25˚C respectively. The adsorption 
capacity of carbon dioxide for KOH-activated microporous carbon material is higher than 
carbon material (without KOH activation). Apparently, this showed that microporosity is 
considered as the crucial factor for carbon dioxide adsorption performance. 

 
Introduction:  

Increasing levels of greenhouse gases such as methane, CO2, chlorofluorocarbons, 
and nitrous oxide have contributed the global climate change. CO2 is one of the most 
important greenhouse gases because it causes about 65% of the total greenhouse effect such 
as global warming, sea levels rising and extreme weather(1). For this reason, the development 
of efficient and economical CO2 capture technologies is necessary. Different technologies 
have been used to capture CO2 such as physical, chemical adsorption and membrane 
separation. Adsorption is considered one of the most suitable and effective choices because of 
simplicity, consumes low energy, and easy to regeneration. Many porous materials such as 
metal-organic frameworks (MOFs)(2), covalent organic frameworks (COFs), zeolite(3), and 
carbon material(4–6) are used as adsorbents. Activated carbon materials is the most widely 
used and effective adsorbent because of its high specific surface, large pore volume and high 
physical and thermal stability. This makes activated carbon a good material for CO2 
adsorption. Biomass is a considered resource for preparing activated carbon materials 
because of its abundant, renewable, low-pollution and low-cost materials. Sugarcane bagasse 
is consisted of three main components which are hemicellulose, lignin, and pectin. indicating 
that it can be pyrolyzed to produce carbon compounds with functional groups(7). Sugarcane 
bagasse, the main waste product of the sugar industry was selected as the carbon source in 
this study. In addition to activation treatment, the presence of numerous active functional 
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groups is a crucial factor in improving the efficacy of carbon materials in various applications 
via using of surface modification techniques. The process of doping nitrogen has garnered 
significant attention in studies due to its abilities as an effective means of enhancing the 
capacity for CO2 adsorption. The N atom's amount of protons plays in determining how 
reactive an amine will be to acidic CO2 molecules(8,9). It is the common knowledge that CO2 
molecules have an acidic character, which causes them to interact with the amine functional 
groups in an acid-base manner. From the previous research, the synthesis of activated carbon 
from biomass requires a two-step process. Firstly, the carbonization of the biomass in an 
oxygen-free environment at a temperature below 800◦C. Secondly, the activation of the 
resulting carbon enhances its microstructural characteristics including surface area, porosity, 
pore volume, pore diameter, and surface modification(10,11). 

Therefore, this study proposes a unique, simple approach for fabricating microporous 
carbon in one step by using a carbonization process coupled with doping melamine and 
activation with KOH where the carbon precursor is mixed with a nitrogen source and 
activation agent before carbonization. Bagasse was used as a carbon precursor, potassium 
carbonate as an activation agent, and melamine as the additional N source.  
 
Methodology:  

The microporous carbon materials (BMOH) from sugarcane bagasse via solid-state 
potassium hydroxide (KOH) activation was synthesized by the following procedure (Figure 
1.). First, sugarcane bagasse was washed with distilled water several times to remove 
impurities. After that, the resulting was dried in an oven at 100°C for 48 h, and then the dried 
bagasse was grounded. For a typical preparation method of the microporous carbon materials, 
bagasse grounds (1g), melamine (0.25g), and KOH (1g) were mixed in a mortar for 15 
minutes. The obtained materials were placed in a tube furnace at a 600˚C rate of 5˚C/min 
under N2 flow of 200 mL/min for 1h. After carbonization, the resulting materials were cooled 
down to room temperature. The next steps are to wash with 5% HCl and then wash with DI 
water several times until pH neutral removes the remaining impurities. Finally, the 
microporous carbon material was obtained. As a control experiment, bagasse grounds mixed 
with KOH was carbonized without melamine labeled name “BK”. 

The pore structure characteristics of BMOH and BM were characterized by N2 
adsorption-desorption isotherms at -196˚C. Based on isotherm, the Brunauer-Emmett-Teller 
(BET) and 2D non-local density functional theory (2D-NLDFT) methods were used to 
calculate the specific surface area (SBET) and pore size distribution. The surface property of 
BMOH was studied by X-ray photoelectron spectroscopy (XPS). To investigate the 
adsorption efficiency of BMOH and BM towards CO2, adsorption isotherm experiments were  
performed by using Surface Area and Porosimetry Analyzer (JW-ZQ200). The sample was 
pretreated at 150ºC in a vacuum environment for 3h before measurements. The CO2 
adsorption experiments were measured at 0 and 25 ºC under 1 bar pressure. 
 
Results and Discussion:  
 The preparation method that proposed in this study can be considered to be easy and 
solvent-free for the synthesis of materials. Moreover, multiple steps usually used for chemical 
activation can be avoided. Melamine served as the N-dope during the carbonization process. 
Moreover, KOH was easily combined with bagasse grounds and then the resulting mixture 
was treated for carbonization and activation without any adding steps (Figure 1.). The 
morphology of synthesized materials was studied by using scanning electron microscopy 
(SEM). Figure 2. shows macropores originated from the natural phloem and xylem of BG. 
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This confirms that the macropores in the raw sugarcane bagasse can be reserved even after 
high-temperature treatment in the preparation process. The activated sample reveals a small 
pore in the surface due to the chemical activation with KOH. The nitrogen adsorption-
desorption isotherms and 2D-NLDFT pore distributions of synthesized materials are shown 
in Figure 3. Both samples exhibit a type I isotherm, as classified by the IUPAC, indicating 
that the microporosity is mainly present. For the BMOH (KOH-activated), The BET surface 
area is 787.972 m2/g, and the pore volume is calculated to be 0.463 cm3/g. The pore size 
distribution using the 2D-NLDFT model indicates the existence of micropore size with an 
average diameter of 0.560 nm. Supermicropores, which have dimensions ranging from less 
than 0.7 to 0.9 nm, are known to have a considerable impact on physical adsorption. In 
comparison, the non-activated sample (BM) demonstrates an absence of porosity in the 
micropore region (Figure 3b.). According to the results from the N2 sorption analysis, it is 
indicated that the microporosity was generated from the activation agent (KOH) on the BG 
surfaces. Therefore, the KOH activation strongly influences the BET surface and amount of 
micropore.  
 

 
Figure 1. Schematic Illustration of the preparation steps for BMOH for CO2 adsorption. 
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Figure 2. SEM image of BMOH. 

 

 
Figure 3. N2 adsorption-desorption isotherms at -196˚C and pore size distributions 
using 2D-NLDFT model. 
 

The elemental compositions and functionality assignments on the BMOH surface 
were determined by using X-ray photoelectron spectroscopy (XPS). The wide scan presented 
in Figure 4a. reveals that the BMOH sample exhibited carbon, nitrogen, and oxygen levels 
within the ranges of 85.32 wt%, 8.02 wt%, and 6.67 wt%, respectively. The deconvoluted 
spectra for C1S (Figure 4b.) for BMOH show patterns at binding energies of 284.2 and 285.5 
eV corresponding to graphitic C=C and C-O respectively. In N1S spectra Figure 4C., the 
main nitrogen functional group for BMOH was found to be pyrrolic nitrogen (400 eV) and 
pyridinic nitrogen (397.8 eV) with the absence of quaternary nitrogen. This showed that the 
N atom was successfully added to the carbon material. 
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Figure 4. X-ray photoelectron spectroscopy (XPS) spectra of BMOH: (a) wide scan, (b) 
C 1s high-resolution spectra, and (c) N 1s high-resolution spectra. 
 
 The carbon dioxide adsorption isotherm at 0˚C and 25˚C under 1 bar for BMOH and 
BM are shown in Figure 5. The BMOH showed the carbon dioxide adsorption of 4.36 and 
2.96 mmol/g at 0, 25˚C respectively. Supermicropores which contain dimensions less than 1 
nm are known to have a considerable impact on physical adsorption.  While BM has no 
surface area according to the BET method, the CO2 adsorption capacity of BG was 1.08 
mmol/g at 25˚C. This result suggests that the CO2 adsorption capacity was not influenced 
only by microporosity but the nitrogen content of the sample affected the CO2 adsorption 
capacity. The nitrogen functional group on sample surfaces interacts with carbon dioxide. 
Evidently, pyrrolic, pyridinic, amines, or amide groups are seen and considered as improving 
the adsorption ability of carbon materials for CO2. According to previous reports, pyridinic 
nitrogen has provided a positive effect on the uptake of CO2. This is attributed to the 
introduction of Lewis base sites and improved wettability, resulting in a stronger binding 
between pyridinic nitrogen and CO2 molecules (12). Pyrrolic nitrogen groups are known to 
establish covalent bonds with CO2 molecules through the hydrogen atom, which can be 
attributed to the high electronegativity of oxygen atoms in CO2(13). Therefore, the main 
adsorption mechanisms of CO2 on micropore material (BMOH) were pore filling, Lewis 
acid-base, and covalent bond(14,15). 
 

 
Figure 5. CO2 adsorption isotherms of the synthesized samples. 
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Table 1. Pore texture properties were measured by nitrogen sorption at 77 K and CO2 
adsorption performance. 
Samples Weight 

of KOH 
(g) 

SBET 
(m2/g) 

Pore size 
(nm) 

Pore volume 
(cm3/g) 

CO2 adsorption 
(mmol/g) 

VTa VSupermicrob 25˚C 0˚C 
BMOH 0.25 787.972 0.560 0.463 0.269 2.957 4.359 

BM - 4.360 4.479 0.041 - 1.101 1.084 
a Total pore volume 
b 2D-NLDFT Supermicropore volume (<1nm) 
  
Conclusion:  

The preparation material (BMOH) was successfully prepared from sugarcane bagasse 
via solid-state potassium hydroxide (KOH) activation. Sugarcane bagasse was used as a 
carbon precursor, melamine as a nitrogen source, and KOH as an activation agent., followed 
by pyrolysis under a nitrogen atmosphere. Various techniques were used for the investigation 
of chemical and physical properties. The resulting material showed a supermicropore 
structure and N-content. The doping of N was beneficial to the improvement of CO2 
adsorption efficiency. BMOH showed good adsorption performance of carbon dioxide. It can 
be concluded that the adsorbent's narrow micropores and N content played a crucial role in 
the process of CO2 adsorption. 
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Abstract:  
Durian is a famous fruit of Thailand and Southeast Asia. Due to Thailand's high yearly durian 
production volume of over 599.6 thousand metric tons, there is an abundance of durian biomass 
waste, which is becoming more and more popular around the world. Characteristics of durian 
pectin which was extracted from a steam explosion technique at 121C for 30 minutes were 
studied. The results show that the durian pectin had a brown color. The yield, moisture content, 
and ash of durian pectin are 6.78  0.48%, 9.31 0.57%, and 9.33  0.31%, respectively. 
Fourier transform infrared spectroscopy (FT-IR) and X-ray diffraction (XRD) analysis 
confirmed the durian pectin structure in terms of functional groups of polysaccharides and 
crystalline, respectively. The thermal stabilities of durian pectin were investigated using 
thermogravimetric analysis (TGA). The findings demonstrate that durian rind can be a suitable 
alternate source for pectin extraction, acquiring potential advantages for industrial pectin 
extraction economically and environmentally. 

 
Introduction:  

Pectin, a biopolymer comprising a blend of naturally occurring polysaccharides, is 
commonly found in the primary cell walls of many plant cells. Its applications have been 
expanding rapidly in the pharmaceutical and biotechnology sectors. Traditionally, pectin has 
been utilized for making jams due to its exceptional gelling and thickening properties. More 
recently, it has found its way into drug delivery systems and various other biotechnological 
applications. Pectin also serves as a matrix material for encapsulating drugs, proteins, and cells. 
Beyond these applications, numerous studies have indicated that incorporating pectin into one's 
diet can lead to reductions in serum total cholesterol and low-density lipoprotein cholesterol 
levels, as well as the moderation of glucose responses1.  

Steam explosion (SE) is an efficient heat treatment technology. The principle of SE is 
that biomass undergoes high-pressure steam and then instantaneously depressurizes, opening 
the biomass structure and releasing small molecular substance. Studies have shown that SE has 
a high extraction yield in the extraction of bioactive components, such as phenols, flavonoids, 
and monosaccharides2 

The durian fruit, a renowned Thai delicacy, enjoys global popularity. It is characterized 
by its substantial size, typically round or oval shape, and a green hue that turns brownish when 
ripe. Encased in a thick, hard outer shell adorned with pyramid-shaped thorns, the durian's 
distinctive appearance sets it apart. However, it's worth noting that a significant portion of the 
durian's total weight, approximately 65-70%, comprises inedible durian rinds3. This surplus 
waste poses a notable environmental challenge, often ending up in landfills or being 
incinerated, thereby contributing to air, land, and water pollution. Consequently, harnessing 
the potential of durian rinds as a source of pectin holds both economic and environmental 
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promise. The purpose of this research is to determine pectin content in durian rinds using steam 
explosion extraction and to partially characterize the properties of pectin from durian rinds 

 
Methodology:  
Materials  
Ethanol used in this work was food grade. The durian huk of Durian Monthong was obtained 
on the same day from the local market at Paphayom, Phathalung. The durian rind (white part) 
was separated from the fruit, cut into pieces, washed, and dried in a vacuum oven at 45◦C for 
48 h. The dried durian rind was ground in a mesh size of 100 μm and packed in a polyethylene 
bag at ambient temperature in addition to that stored for the extraction process. 
 
Pectin extraction  
Pectin was extracted from the durian rind under the optimal conditions4. Deionized water (DI) 
and dried durian rind were combined in a 1:12 w/v solid to liquid ratio. After that, the mixture 
was extracted for 30 minutes at 121°C using an autoclave. After being allowed to cool to room 
temperature at 25°C, the slurries were filtered through cheesecloth. Two rewashes of the 
solutions were performed using 80% ethanol at a clear solution to ethanol ratio of 1:2 v/v. After 
collecting the precipitate, acetone was used to wash it. After the wet pectin was dried for 12 
hours at 65°C, its weight remained constant. Lastly, the dehydrated pectin was sieved and 
powdered in a grinder in preparation for additional research. 
 
Characterization  
The yield percentage of pectin was computed and reported as yield (%) 1.   

 
                     Weight (g) of pectin Yield(%)= x100

Weight (g) of dried durian power
                              

The technique used to calculate the moisture content was as follows 4. Equation following 
was used to compute the moisture content. 
 

of  sample before d 0rying weight(g) of  sample after dryingM Weight (g) (%)= x10
Weight (g

oisture
of  sample before drying) 

−  
 
Ash contents of the durian rind, pectin and commercial pectin were determined using the 
method5. The ash content of pectin samples was calculated according to equation   

0of  ashA Weight (g) (%)= x10c
Weight (g) 

esh ont nt
of  sample

 

 
The Fourier-transform infrared spectroscopy (FTIR) spectrum of the dried durian rind and the 
pectin was recorded with Agilent Cary 630 FTIR spectrometer. The scanning range was 4000 
to 650 cm−1, and the resolution was 4 cm−1.  
 
X-ray diffraction (XRD) (D2 Phaser, Bruker) was used to determine the crystallinity of the 
durian pectin.  
 
The dried durian rind and the pectin were then observed by a scanning electron microscope 
(SEM) (FEI Quanta 450 FEG). All samples were sputter coated with gold before shooting.                    
A thermogravimetric analyzer (TGA 8000, PerkinElmer) was used to analyze the 
thermographic properties of durian pectin. 
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Results and Discussion:  
 
Pectin  

The durian rind is a solid that present a light yellow-brown color. Using steam 
explosion, pectin from durian peels is a solid that is a dark brown color. While commercial 
pectin appears as a solid or fine powder that is white-to-light-brown powder, in color. The 
durian pectin extracted from durian rind using the steam explosion method has a darker color 
than commercial pectin. The pH of durian pectin is approximately 3.58  0.04 which higher 
than commercial pectin (2.920.02). 
 

 
 Durian rind Pectin Commercial pectin 

 
Figure 1.  

Pectin photograph 
 

Pectin yield 
The results for physicochemical characteristics of pectin from different sources are 

displayed in Table 1. The yield of extracted pectin from durian rinds has the least yield 6.78  
0.48 % while the pectin yield of other varieties does not differ distinctly with durian in Malaysia 
such as Musang King (7.73 ± 0.23), Hajjah Hasmah (5.60 ± 0.20%)6, which is lower than the 
values reported for other papaya peel (19.32 ±2.08%)7. The amount, chemical structure and 
chemical composition of pectin could differ relying on plant species and varieties due to genetic 
factors (e.g., gene expression) or development factors (e.g., climate) of the plants6 and the 
extraction methods7 
 

Table 1.  
Physiochemical properties of durian rind, durian pectin, and commercial pectin 

 
Characteristics Value obtained 

Durian rind Pectin Commercial pectin 
Yield (%) - 6.78  0.48 - 
Moisture content (%) 9.11  0.11 9.31  0.57 5.76 ± 0.13 
Ash content (%)  3.51  0.26 9.33  0.31 2.23  0.48 

 
 
Moisture content  

Moisture content is very crucial in determining the quality of food products and needs 
to be emphasized for preserving of the materials when stored. This is to avoid enzymatic 
degradation and also prevent from the microbial growth. From the results in Table 1, it 
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exhibited that the moisture content of durian pectin was 8.310.57 %. This means that the 
moisture content of durian pectin was in the acceptable range which is lower than 12%4,8 
 
Ash content  

Parameter of ash content revealed the inorganic impurities found in the pectin. Pectin 
may indicate as pure, good quality and have ability for better gel-forming when it contains low 
value of ash content. The result obtained for ash content of durian pectin as shown in Table 1 
was found to be 9.33  0.31%. It is observed that the value of ash content in durian pectin is 
lower. The maximum limit of ash content in pectin must be 10% which indicates a good quality 
of gel formation. Thus, the lower ash content presents in this study shows the purity of pectin 
and also considered as a good pectin quality [5] [10].  
 
Characterization of pectin  

The amorphous or crystalline durian pectin structure was examined using X-ray 
diffraction (XRD) investigations, as shown in Figure 2. Sharp signals at 14.05, 21.18, and 31.98 
(2) in the durian pectin's XRD pattern, which represent the crystal structure and molecular 
arrangement of pectin, are visible. It is generally acknowledged that pectin is always present, 
although, less crystalline or amorphous. Similar findings for pectin from various sources were 
reported in earlier investigations10. It's possible that one of the extract's components is pectin. 
 

 
 Figure 2.  

XRD of the extracted pectin  
 
Further FT-IR research was required to confirm pectin's status as a constituent based on the 
results of the original XRD analysis. Figure 3 illustrates that pectin is composed of various 
functional groups, such as hydroxyl (-OH), ester (-COO-), and carboxyl (-COOH) groups. The 
FTIR spectra of samples of durian pectin show characteristic peaks at 3357, 2930, 1739, and 
1010 cm-1, which correspond to -OH, -CH, C=O of ester, and C-O of galacturonic acid, 
respectively8. The low intensity bands at 1230 cm-1 show that the pectin samples were 
acetylated. The region of 1200-1000 cm-1 is where glycosidic bond skeletal C-O and C-C 
vibration bands are located. Consequently, we are able to confirm that the extract's FT-IR 
spectra include pectin. The peaks in the durian pectin are more noticeable than they are in the 
dried durian rind. This is because the FTIR functional group and other durian rind components 
are enhanced during the extraction process, resulting in a concentration of pectin. 
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Figure 3.  
FTIR spectrum of dried durian and extracted pectin. 

 
 

   
Dried durian rind powder Pectin Commercial pectin 

 
Figure 4.   

SEM of dried durian rind power, durian pectin and commercial pectin. 
 
SEM of dried durian rind powder, durian pectin and commercial grade are presented in Fig.4. 
The micrograph of initial dried durian powder was compact and smooth in shape. Meanwhile, 
the SEM of durian pectin was illustrated in Fig. 4. The micrographs demonstrate the uneven 
forms, rough surface, and tactile sensitivity of durian pectin. The fingers' moisture moistens 
the surface, smooths it, and improves the pectin's ability to bond with other particles12. A prior 
investigation on the pectin from mango and apple pomace revealed uneven and rough surfaces 
as well. Because of its small particle size, commercial pectin also produced comparable results. 
 
Thermal properties of pectin  

Thermogravimetric analysis was utilized to examine the thermal stabilities of durian 
pectin, as illustrated in Figure 5. According to the results of the thermogravimetric analysis 
(TGA), durian pectin's weight can be split into three zones, which has also been noted in earlier 
research8. The first zone (50 - 170 C) shown a slight mass loss (around 15%) as a result of 
absorbed water in the pectin evaporating. The second zone (170 - 400 C) demonstrated a 
considerable drop in weight (about 45%) as a result of the breakdown of the pyrolytic 
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polysaccharide. At this point, the pectin's galacturonic acid chain underwent significant heat 
breakdown, the acid side chains and carbon in the ring underwent decarboxylation, and solid 
char and gaseous products started to form12. Lastly, the third zone (400 - 600 C) symbolized 
the weight loss that occurred gradually (about 40%) as a result of the char's thermal breakdown. 
Additionally, the quantitative values derived from the DP TGA curves are presented in Figure 
5. 

 

 
 

Figure 5.  
Thermogravimetric analyses of durian pectin  

 
T50% represented the temperature at which 50% mass loss happens, whereas DTGmax showed 
the maximum decomposition rate temperature. T50% and DTGmax values for DP were 
321.93C and 237.93C, in that order. Conversely, at 600C, the total mass loss of DP was 
60%. The results are much higher than those of the melon rind and similar to those of the 
kiwifruit [14]. In conclusion, it seemed that the DP had a fair amount of thermal stability. Good 
thermal stability pectin is advantageous to the food industry since it may be utilized as a food 
additive in foods that are prepared at high temperatures, such as pastries, cakes, and bread. 
 
Conclusion:  

In this study, steam extraction was used to successfully extract pectin from dry durian 
rind. The morphological and chemical properties of pectin were described. The findings 
demonstrated that, in comparison to other fruit peels, durian pectin yields a lower amount of 
pectin. However, it's to note that high moisture and ash contents were discovered in the 
extracted durian pectin. While, the industrial waste's high degree of purity was shown by its 
lower ash concentration. In light of these findings, durian rinds appear to be a one promising 
source of pectin. This has the potential to facilitate the mass manufacturing of different 
polysaccharides, such as pectin and its derivatives, from agro-industrial waste in a more 
sustainable manner. 
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Abstract:   

The aim of this study was to study the effects of selected edible solvent by adding 
vegetable oil i.e., soybean oil and palm oil on the extraction of bioactive compounds from 
ripening meat of palmyra palm fruit by using microwave-assisted extraction (MAE). Solvent 
concentration of 10% (v/v) with a microwave power of 450 watts (W) during the extraction 
period of 0-35 min was investigated. Extracting by adding palm oil as solvent resulted in the 
highest β-carotene content, which was approximately 8 mg/100 g (d.b.). On the other hand, in 
the case of total carotenoids content, adding 10% of either palm oil or soybean oil resulted in 
the similar trend. Extracting carotenoids for 25-35 min resulted total carotenoids content in 
the range of 9.6-10 mg/100 g (d.b.).  However, the antioxidant activities of the extracts under 
various extraction conditions did not exhibit significant variation. 
 
Keywords: Vegetable oil, β-Carotene content, Antioxidant activities, palmyra palm meat, 
green extraction solvent 
 
Introduction:  

Asian palmyra palm (Borassus flabellifer L.) is one of the important crops in Thailand 
as it is known for its high economic and nutritional content.  Ripen palmyra palm meat is the 
product that come from the part that connected to mesocarp of the ripe palm. Only ripen 
palmyra palm fruit can be harvested and utilized as a palm meat. Palmyra palm meat can used 
as an ingredient in many food dishes since it contains carotenoids and sweet-smelling. 
However, the fruit has a short shelf-life since it has a rich source of sugar, which resulted in 
easily deteriorated. Thus, in harvest season, many palmyra palm fruit is abandoned. 
Extraction the carotenoids in palmyra palm meat is one of the choices for adding value. 
 Many extraction techniques could be used in food industry. Microwave-assisted 
extraction (MAE) is one of the interesting techniques that operate a short time and enhance 
the higher extraction yields. Generally, microwave heats up food by directly radiate to polar 
compounds, such as water containing in food matrix. To extract carotenoids, which is a non-
polar compound, the non-polar solvent should be added to get higher extraction yields. MAE 
involves the use of a solvent to extract the desired compounds in the form of an extract.1,2,3 
The choice of solvent to extract carotenoids was focused in the study.  

The traditional extraction method to extract carotenoids was the use of hexane or 
acetone or ethanol, which was not an environmentally friendly solvent. The utilization of 
environmentally solvents, such as water or vegetable oil, in green extraction processes is now 
interesting. Vegetable oils were selected for carotenoids extraction due to their lipophilic 
properties. 
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The aim of this work is to study the effects of vegetable oil on the extraction of 
carotenoids content, β-carotene content and antioxidant activities assessed by ABTS and 
FRAP assays in palmyra palm meat by using microwave-assisted extraction.  
 
Methodology:  
Sample preparation 

The ripe palmyra palm fruit was collected around Songkhla city, Thailand. Only 
soften and yellowish fruit was used in the study. The palmyra palm meat was extracted from 
the mesocarp by pressing the detached mesocarp using hands with addition of some tap 
water. The excessive water was removed using filter cloth to get the palmyra palm meat. The 
palmyra palm meat was kept at 4C. 

The palmyra palm meat was dried by hot air drying at the temperature of 70C until it 
reached the final moisture content of 10% (d.b.). Dried sample was milled and sieved with 80 
mesh sieved. The powder dried sample was kept in the aluminum foil at -18C prior to 
further analysis. 

Preliminary experiments to determine rehydration ability 
Since microwave generate heat by directing radiated to polar compounds. Dried 

palmyra palm meat was first rehydrated prior to extracting in the next step. Suitable condition 
to obtain rehydrated palmyra palm meat was conducted. The rehydration ability (R) of a dried 
sample was determined by immersing it in water at the proportion of sample and water in 3 
samples were 1:10, 1:15, 1:20 for 10-60 min. Its weight of the sample was recorded. The 
rehydration ability was calculated by: 

R = Wafter/W 

where Wafter (g) is the rehydrated sample weight and W (g) is the weight of dried 
sample. The average values of five samples were reported. 

Microwave-assisted extraction (MAE) 
A domestic microwave oven at a frequency of 2450 MHz with the turn-table removed 

was modified for MAE. A 1000-mL round-bottom flask containing sample was placed inside 
the microwave oven cavity. The flask was fitted with an external condenser to condense the 
vaporized extract, which was then collected in a graduated cylinder. Cold water (∼4 °C) was 
used as a condensing medium. 10 g of rehydrated sample at the suitable rehydration ability 
condition was mixed with 2 vegetable oils: soybean oil and palm oil at 10 % (w/v). 
Rehydrated sample without adding vegetable oils was used as a control. After MAE the 
condensed extract was mixed with the remaining extract in the flask. The whole content was 
filtered through Whatman No. 1 filter paper. A separation funnel was used to enhance the 
separation between the aqueous and organic phases. The organic phase, containing 
carotenoids, was stored in a dark tube prior to further analysis. 

Total carotenoids analysis 
Total carotenoids content was performed according to the method of Hiranvarachat et 

al.4 It was determined at 450 nm using a spectrophotometer. Quantification of the total 
carotenoids content was carried out by using β-carotene as a standard.  

β-carotene analysis 
β-carotene was quantified based on the suggested method of Hiranvarachat et al.4 The 

analysis system consists of an HPLC equipped with a photodiode array detector. A mixture of 
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methanol and tetrahydrofuran (THF) (80:20% (v/v)) was used as the mobile phase at a flow 
rate of 1.5 mL/min. Symmetry® C30 5 μm (4.6 × 250 mm) HPLC column (YMC, Japan) was 
used for the analysis of β-carotene. An extract was filtered through a 0.2-μm filter before 
injection. Detection of β-carotene was made at a wavelength of 450 nm.  

ABTS assay 

The antioxidant activities as assessed by ABTS assay was performed according to the 
methods of Hiranvarachat et al.5 with some modifications. ABTS·+ radical cation was 
prepared by mixing ABTS stock solution (7 mM) with 2.45 mM potassium persulphate (at a 
ratio of 2:1). The mixture was kept in dark at room temperature for 16 h. The solution was 
diluted with ethanol until its absorbance reached 0.70 ± 0.02 at 734 nm. Trolox was used as 
an antioxidant standard. 1 mL of ABTS·+ solution was mixed with 100 μL of Trolox solution. 
The absorbance was then measured at 734 nm using the spectrophotometer at exactly 1 min 
after mixing. 

FRAP assay 
The antioxidant activities as assessed by FRAP assay was performed according to the 

methods of Hiranvarachat et al.5. 300 mM acetate buffer at pH 3.6, which contained 16 mL of 
acetic acid per liter of the buffer solution; 10 mM TPTZ in 40 mM HCl solution and 20 mM 
ferric chloride solution were prepared. FRAP reagent was prepared by mixing 25 mL of the 
acetate buffer, 2.5 mL of the TPTZ solution and 2.5 mL of the ferric chloride solution. Trolox 
was used as an antioxidant standard. The prepared FRAP reagent was warmed to 37 °C. 
Three mL of the reagent was mixed with 100 μL of the Trolox solution. The absorbance was 
then measured at 593 nm using the spectrophotometer at exactly 4 min after mixing. 

Statistical analysis 
The data are presented as mean values with standard deviations. All data were subject 

to one-way analysis of variance (ANOVA) using SPSS® software. Differences between 
mean values were established using Duncan’s multiple range tests at a confidence level of 
95%. All experiments were performed in duplicate unless specified otherwise. 

 
Results and Discussion:  
Preliminary experiment to determine rehydration ability 
 Moisture content and rehydration ability of rehydrated palmyra palm meat at different 
proportion conditions was investigated (Table 1). The moisture content of the samples in all 
conditions were in the range of 88-90 kg/kg (d.b.). Regarding the rehydration ability, the 
more rehydration time resulted in the more rehydration ability. When more water was added 
to dried sample (at the proportion of 1:20), the higher rehydration ability of sample was 
recorded. the proportion of sample and water 1:20 for 50 min resulted in the highest 
rehydration ability. 
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Table 1. Rehydration ability of dried palmyra palm meat 
Proportion of 

sample and water 
(w/v) 

Time 
(min) 

Moisture content                
(kg/kg, d.b.) 

Rehydration ability 

1:10 10 88.65±0.22I 6.99±0.05H 
 20 88.96±0.14HI 7.17±0.13GH 
 30 88.63±0.14I 7.21±0.15FGH 
 40 88.93±0.24HI 7.47±0.04DEF 
 50 89.30±0.24GH 7.43±0.02DEFG 
 60 89.32±0.04GH 7.49±0.02CDE 

1:15 10 89.49±0.03FG 7.35±0.01EFG 
 20 89.95±0.17DEF 7.63±0.01ABCD 
 30 90.00±0.15DEF 7.67±0.01ABCD 
 40 90.15±0.25CDF 7.76±0.12ABC 
 50 90.23±0.04BCDF 7.70±0.13ABCD 
 60 89.80±0.02EFG 7.80±0.15AB 

1:20 10 90.58±0.09ABC 7.33±0.03EFG 
 20 90.74±0.21AB 7.49±0.02CDE 
 30 90.39±0.02ABCD 7.48±0.02DEF 
 40 90.59±0.20ABC 7.55±0.09BCDE 
 50 90.60±0.27ABC 7.86±0.04A 
 60 90.82±0.03A 7.89±0.10A 

*Different letters in the same column indicate that values are significantly different (p < 0.05) 
  
Total carotenoids and β-carotene contents of the extracts 

Total carotenoids and β-carotene contents of the extracts by adding different 
vegetable oil were exhibited in Figures 1 and 2, respectively. In the case of total carotenoids 
content, the extract containing vegetable oil continuously increased in the first 20 min and 
started slightly constant. The trend depicted in the extraction line of both types of vegetable 
oils indicates a consistent direction. The observed trend indicates that the extracts containing 
vegetable oil exhibited higher concentrations compared to the control. 

However, in the case of β-carotene content, the curve of the extract containing edible 
are continuously increased in the first 30 minute and start significantly dropped. These 
finding were in agreement with the study by Baria et al.6, which investigated the extraction of 
carotenoids in mango flesh using a microwave. Three types of vegetable oil: peanut oil, 
sunflower oil and flaxseed oil were conducted. The study revealed that the extraction time 
has an impact on carotenoids content due to the increased heat, leading to the degradation of 
carotenoids. The trend of extract containing palm oil seems to be higher than other samples. 
The β-carotene extracted within the duration of 25-35 min obtained a value within the range 
of 9.6-10 mg/100 g (d.b.).   
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Figure 1.  

Total carotenoids content of the extracts by adding different vegetable oil 
 

 
Figure 2.  

β-carotene of the extracts by adding different vegetable oil 
 

Antioxidant activities as assessed by ABTS and FRAP assays 
The antioxidant activities as assessed by ABTS and FRAP assays were shown in 

Figures 3 and 4, respectively. In the case of ABTS assay, the trend of extract containing 
vegetable oils seemed to be unchanged. A slight difference in antioxidant activities was 
observed among the control and the extract using vegetable oil. Although the total 
carotenoids, as well as β-carotene content tended to increase during extraction, a 
slightly different in antioxidant activity as assessed by ABTS assay was observed 
during extraction process. The maximum antioxidant activities as assessed by ABTS 
was in the range of 0.13-0.14 mM Trolox/100 g (d.b.) in all types of vegetable oil. A 
similar trend was observed in the case of antioxidant activities as assessed by FRAP 
assay. This agreed with the research of Chuyen et al.7, which investigated the 
microwave-assisted extraction of rice bran using MAE and ultrasonic. They studied the 
use of microwaves power of 120, 240 and 360 W and extraction times in the range of 0 
to 30 minutes. Carotenoids content and antioxidant activities were evaluated. The study 
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found that the levels of antioxidant compounds extracted were closely related to the 
total carotenoid content. Higher carotenoid content resulted in higher levels of 
antioxidant compounds. 

 

 
Figure 3.  

ABTS antioxidant activity of the extracts by adding different vegetable oil 
 

 
 

Figure 4.  
FRAP antioxidant activity of the extracts by adding different vegetable oil 

 
Conclusion:  

Based on the study, two types of vegetable oils consisting of soybean oil and palm oil 
at the concentration of 10 (w/v) were used in the study. While extracting β-carotene at a 
microwave power of 450 W, adding 10% of palm oil yielded the highest β-carotene 
extraction at 8 mg/100 g (d.b.). On the other hand, in the case of total carotenoids content, 
adding 10% of either palm oil or soybean oil resulted in the similar trend. However, the 
antioxidant activities of the extracts in different extracting conditions were not much 
different. 
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Abstract:  

Nowadays, Mitragyna speciosa commonly known as kratom has been a growing 
interest due to its numerous health benefits. Kratom, a medicinal plant native to Southeast 

Asia and indigenous to Thailand, is gaining popularity. In the southern region of Thailand, 
there are three types of kratom with morphological variations of leaf including red vein 

KanDang (KD), green vein TangGua (TG), and leaf with a pair of very small teeth near the 
apex known as YakYai (YY). This study focused on examining the total phenolic content 

(TPC) and antioxidant effects of these three kratom strains using DPPH, ABST, and FRAP 
assays. Plant leaves and petioles were extracted in ethanol. Among the strains, the YY strain 

exhibited the highest antioxidant activity and also displayed high TPC. Specifically, the TPC 
of YY was 47.02 ± 0.79 mg GAE/g extract, while the antioxidant activity of YY leaves (IC50 
value) in the DPPH, and ABTS assays were 24.08±1.67 µg/mL, and 9.36±1.39 µg/mL, 

respectively. Additionally, the FRAP values also showed the highest (270.58 ± 3.18 mgFe²⁺/g 
extract), when compared to the other strains. Furthermore, the YY petiole displayed good 

antioxidant activities with an IC50 value in the DPPH, ABTS, and FRAP assays were 
18.10±1.27 µg/mL, 11.48 ± 0.17 µg/mL, and 184.31 ± 16.38 mgFe²⁺/g extract, respectively. 

The amount of TPC in YY petiole was 47.41 ± 0.15 mgGAE/g extract, with no significant 
difference in comparison to the leaf extract. Overall, all strains exhibited potent activity, with 

IC50 values below 38.50 µg/mL. These findings demonstrated that the YY strain extract of 
kratom possesses a significant antioxidant activity in in vitro tests.  

 
Introduction: 

Free radicals are reactive oxygen species produced from cellular metabolism. Various 
pollutants such as ozone, heavy metals, smoke, and cigarettes cause free radical production. 

An excess of these radicals results in extensive oxidation and destroying the structure and 
function of biomolecules leading to cellular death. These radicals, possessing unpaired 

electrons in their atomic orbitals, are unstable and reactive. They can either donate or accept 
an electron, acting as oxidants and reductants.1 Free radical damage appears to be common in 

many diseases such as neurological diseases, cardiovascular diseases, aging, cancer, diabetes, 
and high blood pressure disorders.2 Under normal conditions, free radicals are removed from 

the body through antioxidant processes. However, an imbalance in their production and 
protection of free radicals can be harmful to health. 

Many exogenous small molecule antioxidants, like polyphenols, are commonly 
isolated from various plants to combat free radicals.3 Due to the health benefits of 

antioxidants, food products rich in antioxidants are often called “superfoods”. Additionally, 
pharmaceutical therapies employing antioxidants to treat diverse diseases are established. The 

antioxidants work by preventing or delaying the oxidation of chemicals. Synthetic 
antioxidants are provided to supplement the antioxidant mechanism from external sources. 

Medicinal plants, due to their therapeutic potential and natural origin, are a primary source of 
natural antioxidants.4 Some non-enzymatic elements such as flavonoids, polyphenols, 

glutathione, and certain vitamins have been reported to possess strong antioxidant activities 
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in both in vivo and in vitro studies. Hence, natural products are one of the options for disease 
treatment because they have a variety of properties and biological activities.   

Mitragyna speciosa (kratom) is one of the medicinal plants harnessed for its various 
medicinal properties and biological activities. Pharmacological studies have found that the 

substances most commonly found in kratom are alkaloids, notably Mitragynine, which is the 
main alkaloid with impact on pain relief, anti-inflammatory, antidepressant, antimicrobial, 

antioxidant, and antibacterial effects.5 In addition, flavonoids, tannins, lignans, and 
terpenoids, were found in kratom leaves. The natural phytochemicals present in leaves, 

flowers, rhizome, and petioles of medicinal plants include phenolic compounds, leading to 
their therapeutic use in the treatment of different diseases. In southern Thailand, there are 

three main categories for the different kratom strains with morphological variations of leaves: 
red vein (KanDang, KD), white vein (TangGua, TG), and leaves with a pair of very small 

teeth exerted near the apex (YakYai, YY) (Figure 1). However, the antioxidant activity of 
kratom has been studied, but the phytochemical composition and antioxidant activity depend 

on its variety and environmental conditions. The objective of the present study was to assess 
and compare the total phenolic content (TPC) and antioxidant activity of different M. 
speciosa strains prevalent in Thailand, to determine their potential in kratom-containing 
nutraceutical, and medicinal formulations.  

 

      
 
 

 
 

 
 

 
 

 
 

Figure 1. 
The leaf shape and vein of plants in Mitragyna speciosa in Thailand. KanDang (A), 

TangGua (B), and YakYai (C). 
 

Methodology: 
Materials 

The fresh leaves of three strains of M. speciosa (KanDang, TangGua, and YakYai 
types) were harvested in May 2022, all at the same phenological stage, which consisted of the 

top mature leaves. These leaves were collected from Krabi province, Thailand. Gallic acid, 
sodium carbonate (Na2CO3), absolute ethanol, hydrochloric acid (HCl), 2,4,6-tris(2-pyridyl)-

s-triazine (TPTZ) were purchased from Sigma-Aldrich. Folin-Ciocalteu reagent was obtained 
from Fisher Scientific. Ascorbic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis 

(3-ethylbenothiazoline-6-sulphonic acid) diammonium salt (ABTS) were purchased from 
Merck. Potassium persulphate and sodium acetate trihydrate were acquired from 

LobaChemie Pvt. Ltd. Iron (III) chloride hexahydrate (FeCl3·6H2O) and glacial acetic acid 
(CH₃COOH) were purchased from QRëC New Zealand. 

Plant extractions 
All three strains of kratom leaves were gathered, dried, and finely ground into 

powder. The leaves and petiole were then separated. Subsequently, 100 grams of the sample 
were subjected to extraction using 500 mL of 95% ethanol via the conventional maceration 

(A) (B) (C) 
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method over a 5-day period. The resulting solution was filtered through Whatman No. 1 
paper, and this extraction process was repeated twice. The solvent was evaporated using a 

rotary evaporator. The extraction percentage was calculated by using the following formula: 
 

% Yield = (mass of the extract / mass of the dry plant sample) × 100 (1) 
 

Finally, the extract should be stored at a temperature of 4 ºC. 

Determination of total phenolic content 
The total phenolic content (TPC) of the kratom samples was assessed using a 

modified Folin-Ciocalteu colorimetric method.6 A 30 μL aliquot of the extract solution      
(0.1 mg/mL) was introduced into 96-well plates and thoroughly mixed with a diluted Folin-

Ciocalteu reagent (110 μL). The samples were then vigorously shaken. After a 3-minute 
incubation, a 110 μL portion of 7.5% Na2CO3 solution was added, followed by thorough 

mixing, and the mixture was left at room temperature for 30 minutes. Subsequently, the 
absorbance at 765 nm was determined using a spectrophotometer plate reader. The TPC was 

quantified by comparing it with the standard calibration curve of Gallic acid. The results for 
TPC are expressed in milligrams of Gallic acid equivalent per gram of dry extract (mgGAE/g 

extract). 
Determination of antioxidant capacity 

The antioxidant capacity was determined with three different methods: DPPH (2, 2-

diphenyl-1-picrylhydrazyl) radical scavenging activity, FRAP (Ferric ion reducing 
antioxidant power) and ABTS (2,2’-azinobis-3-ethylbenzothiazoline-6-sulfonic acid) 

procedures. 
DPPH assay 

The DPPH radical scavenging capacity of each extract was determined according to 
the modifications of the method by Brand-Williams.7 Each extract was prepared in various 

concentrations. Sample 100 μL mixed with DPPH (2,2-diphenyl-1-picrylhydrazyl radical) 
solution with a concentration of 0.2 mM in a volume of 150 µL in a 96 well plate, and leave 

in a dark place at room temperature for 30 minutes. The absorbances was recorded at a 
wavelength of 517 nm, and converted into the percentage of radical scavenging activity using 

the following equation (2): 
Radical scavenging activity (%) = [(Abscontrol – Abssample)/Abscontrol] ×100  (2) 

Where: Abscontrol is the absorbance of the control.  
             Abssample is the absorbance in the presence of the extract. 

Ascorbic acid was used as a reference standard. All tests were performed in triplicate. 
The half-maximal inhibitory concentration (IC50) values were calculated by linear regression 

of plots, where the x-axis represents the concentration of the tested plant extracts, and the     
y-axis represents the average percent of scavenging capacity. The concentration of the sample 

required to scavenge 50% of DPPH (IC50) was determined. 
ABTS radical-scavenging activity  

The ABTS radical scavenging test was adapted from the generation of ABTS radical 
cation (ABTS+•), achieved by mixing a 7 mM ABTS solution with a 2.45 mM potassium 

persulfate solution at a volumetric ratio of 1:0.5. This mixture was allowed to stand in 
darkness at room temperature for 12-16 hours before use. The ABTS+• solution was diluted in 

ethanol until it reached an absorbance of 0.7 ±0.02 at 734 nm. Subsequently, 270 µL of the 
ABTS+• solution was combined with 30 µL of the ethanolic plant extract at varying 

concentrations. The mixture was then kept in darkness at room temperature for 30 minutes, 
and the absorbance was measured at 734 nm using a microplate reader. Ascorbic acid was 
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employed as a positive control. The percentage of ABTS inhibition was determined using 
equation (3): 

ABTS inhibition (%) = [(Abscontrol – Abssample)/Abscontrol] ×100    (3) 
Where: Abscontrol is the absorbance of the control. 

             Abssample is the absorbance in the presence of the extract.  
The results are presented as the half-maximal inhibitory concentration (IC50). All tests were 

conducted in triplicate. 
Ferric reducing antioxidant power (FRAP) assay 

The ferric ion-reducing antioxidant power (FRAP) test was conducted according to 
the method described by Benzie and Strain.8 The FRAP reagent was prepared by combining 

three solutions (300 mM sodium acetate buffer, pH = 3.6, 10 mM TPTZ solution in 40 mM 
HCl, and 20 mM FeCl3·6H2O) in a volumetric ratio of 10:1:1. Next, 270 µL of the FRAP 

reagent was blended with 30 µL of the ethanolic plant extract within 96-well plates. The plate 
was then placed in darkness at room temperature for 5 minutes to facilitate the reduction 

reaction. Subsequently, the absorbance was measured at 593 nm using a microplate 
spectrophotometer. The antioxidant capacity was calculated using a linear calibration curve 

and expressed as mgFe²⁺ per gram of the extract. 
Statistical analysis 

SPSS statistics version 17.0 was used for data analysis. The data were presented as the 
mean ± standard deviation. One-way analysis of variance (ANOVA) followed by the Tukey 

multiple-range test were performed. Significance was established at a p-value below 0.05. 
 

Results and Discussion: 
Free radicals are reactive molecules that play a role in numerous physiological 

processes and have been linked to various diseases. They can cause extensive damage to 
biomolecules and tissues. While synthetic drugs are often used to counteract oxidative 

damage, they are associated with undesirable side effects. As a result, there is a growing 
interest in investigating natural substances with the ability to scavenge free radicals and 

exhibit antioxidant properties. M. speciosa, or kratom, is a rich source of substances that have 
been reported to have psychoactive and analgesic properties.9 However, reports on the 

properties of different strains obtained are still limited. The three types of kratom, as shown 
in Figure 1., were extracted with ethanol which is known as a suitable solvent for polyphenol 

extraction and is safe for human consumption.10 The yields of the extraction were measured 
between the part used and varieties, ranging from 4.63% to 12.97% (w/w) (Table 1.). The 

maximum extract yield was obtained from the YakYai leaves (ELYY) with a percentage 
yield of 12.97%. This indicates that most of the substances in YakYai leaves are highly polar 

such as polyphenol compounds and therefore can be extracted well with high-polarity 
solvents.  

Table 1. 
Extraction yields and total phenolic content (TPC) of ethanolic crude extract in 

different strains of kratom. 

Total phenolic content (TPC) of kratom extracts 

Part used Strains Sample code Percentage 
yield (w/w) 

Total phenolic content 
(mgGAE/g extract) 

Petiole 

YakYai EPYY 4.63 47.41 ± 0.15a 

TangGua EPTG 7.44          44.14 ± 0.30b 
KanDang EPKD 8.18  43.73 ± 0.98b 

Leaves 
YakYai ELYY 12.97 47.02 ± 0.79a 

TangGua ELTG 11.19          43.95 ± 0.44b 

KanDang ELKD 11.87  46.20 ± 0.32a 
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Brown et al. have reported on the presence of alkaloids and other substances, within 
the Mitragyna plant, such as flavonoids, polyphenolic compounds, triterpenoids, saponins, 

monoterpenes, and secoiridoids.11 Phenolic compounds are well known for their antioxidant 
activity which can reduce the production of free radicals and lower oxidative stress. The 

amount of total phenolic compounds in the leaves and petiole of three strains of kratom can 
be calculated from the equation of the standard curve of Gallic acid solution. The resulting 

equation, y = 0.0663x + 0.0648, exhibits a high coefficient of correlation, R² = 0.9982. As 
can be observed, TPC levels varied among the different strains, as indicated in Table 1. In 

comparison to all types, YakYai displayed the highest TPC value. Specifically, the TPC 
content in YakYai petiole (EPYY) was 47.41±0.15 mgGAE/g extract, showing no significant 

difference in comparison to the leaf extract (ELYY) at 47.02±0.79 mgGAE/g extract. Among 
the kratom leaves, the strain with the lowest TPC was TangGua, with a TPC of 43.95±0.44 

mgGAE/g extract. Phenolic compounds, being a diverse group of secondary metabolites, 
exhibit variations in distribution and content among plant species. The amount of TPC 

depends not only on the variety but also on geographic origin, maturity stage, and ecotype.12 
These findings are consistent with those described by Doloh et al for different kratom-

containing formulations.13  
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
Figure 1. 

The total phenolic contents (mgGAE/g extract) of the ethanolic extracts of kratom leaves and 
petiole in different strains. Abbreviations: GAE, gallic acid equivalents. Mean values which 

do not share a letter indicate significant differences (Tukey’s test, p < 0.05). 
 
 
 

Figure 2. 
The effect of ethanolic kratom extract concentration on DPPH inhibition in the (A) 

petiole from KanDang (EPKD), (B) petiole from TangGua (EPTG), (C) petiole from YakYai 
(EPYY), (D) leave from KanDang (ELKD), (E) leave from TangGua (ELTG), (F) leave from 

YakYai (ELYY). Data are mean values of three measurements with standard errors.  
 
 
 
 

(A) (B) (C) 

(D) (E) (F) 
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Antioxidant activity of kratom extracts 
Phenolic compounds are a group of secondary metabolites present in a wide array of 

medicinal plants, and they have been associated with their antioxidant properties. To facilitate 
the comparison between methods, DPPH, ABTS, and FRAP assays have been developed to 

estimate the antioxidant activity of three types of kratom. As illustrated in Figure 2-3, the 
effects of kratom extract concentration on antioxidant activity are depicted using DPPH and 

ABTS assays, respectively. Notably, the percentage of radical inhibition displayed a 
concentration-dependent pattern with the plant extracts. The reason might be that increasing 

the concentration of the extracts leads to higher antioxidant content of the material, causing 
the donation of electrons to neutralize free radicals.  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Figure 3. 
ABTS radical scavenging activities of all ethanolic kratom extract from various 

sources, including: (A) petiole from KanDang (EPKD), (B) petiole from TangGua (EPTG), 
(C) petiole from YakYai (EPYY), (D) leave from KanDang (ELKD), (E) leave from 

TangGua (ELTG), (F) leave from YakYai (ELYY). Data represent the mean values obtained 
from three measurements.  

 

The results obtained for DPPH and ABTS assays were plotted as percentage 
inhibition versus sample concentration. The correlation obtained by the linear regression for 

various kratom strains is illustrated in Figure 4. Consequently, 50% inhibitory concentration 
of free radicals (IC50) values was determined based on their linear regression. In Figure 5, the 

antioxidant capacity values obtained using the three methods in the diverse kratom varieties 
analyzed are presented. Figure 5 highlights the variability in antioxidant activities among 

different kratom varieties. In the DPPH assay, the strongest antioxidant activity was observed 
in the YakYai strain. The petiole (EPYY) and leaf of YakYai (ELYY) exhibited IC50 value of 

18.10±1.27 and 24.08±1.67 μg/mL, respectively, while TangGua leaves (ELTG) displayed 
the lowest antioxidant capacity with IC50 values of 38.50±2.16 μg/mL.  

The results from the ABTS assay established that YakYai leaf (ELYY) exhibited the 
highest antioxidant capacity (IC50 = 9.36±1.39 μg/mL), while TangGua leaf (ELTG) showed 

(A) (B) (C) 

(D) (E) (F) 
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(A) (B) 

(C) (D) 

the lowest results (IC50 = 13.57±0.24 μg/mL). The assay was compared with the trapping 
potential of ascorbic acid. Although the radical scavenging abilities of kratom extracts were 

significantly lower than that of ascorbic acid, they still exhibited a good antioxidant capacity 
for all kratom varieties studied with IC50 values below 38.50 µg/mL. The scavenging of the 

DPPH radical by the extracts was found to be less potent than that of ABTS+• radicals.  The 
stereo selectivity of the radicals and the solubility of extracts in various solvent systems are 

among the factors reported to affect the capacity of extracts to react and quench different 
radicals.14 

 

 
Figure 4. 

Effect of kratom extract concentrations in antioxidant assays. (A-B) DPPH radical dot 
and (C-D) ABTS dot methods for petiole and leaves of different strain of kratom extract: 

petiole from KanDang (EPKD), petiole from TangGua (EPTG), petiole from YakYai 
(EPYY), leave from KanDang (ELKD), leave from TangGua (ELTG), and leave from 

YakYai (ELYY). XY curves fitted with linear model using OriginLab. 
 

The FRAP assay is an important antioxidant method for assessing antioxidant 

capacity by measuring the ability to convert ferric iron into ferrous cations.  It was found that 
ELYY is high potential effectiveness with a FRAP value equal to 270.58 ± 3.18 mgFe²⁺/g 

extract. The sequence of FRAP values was ELKD, EPYY, ELTG, EPTG, and EPKD.  
This study suggests that phenolic compounds are responsible for the measured 

antioxidant activity. The TPC and antioxidant activity obtained with the three antioxidant 
assays in the YakYai strain were relatively high suggesting the YakYai showed good 

biological polyphenolic compounds better than the other strains. This is supported by 
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previous studies indicating that kratom from different sources is a reservoir of polyphenolic 
constituents, notably flavonoids and phenolic glycosides.15 Similar results reported in Table 2. 
also revealed that M. speciosa extract showed a high content of phenolic compounds with 
excellent antioxidant activity.16-22 The hydroxyl groups in phenolic compounds confer 

scavenging or chelation ability, and also act on membrane-bound enzymes. The results can 
provide valuable information for the selection of the strain of kratom, in order to obtain 

products with high TPC and antioxidant characteristics. Future studies are needed to 
characterize extracts for specific phytochemicals related to antioxidant activity in the YakYai 

strain.  
 

 
 
 
 

 
 

 
 

 
 
 
 
 
 

Figure 5. 
The antioxidant capacities of the ethanolic extracts of leaves and petiole of three types 

of kratom were measured by the DPPH (IC50), ABTS (IC50), and FRAP assays. Mean values 

that do not share a letter indicate significant differences (Tukey’s test, p < 0.05). 
 

Table 2. 
Comparison between M. speciosa extract from different sources for antioxidant activities. 

 
 
 
 

Strains Extract DPPH  
(IC50) 

ABTS 
(IC50) FRAP References 

Green 
veined Ethanol 1.04±0.01 mg/mL - 39.87±0.26  

mg CE/g dry weight 
17 

Red 
veined Methanol 0.11mg/ml - - 18 

Malaysian 
kratom 

Hexane >1mg/mL 20.84±0.92mg/mL 11.45±0.99μg/mL 
19 Dichloro- 

methane >1mg/mL 20.84±0.92mg/mL 7.94±0.96μg/mL 
Malaysian 

kratom Methanol 0.0397±0.0035mg/mL - - 20 

Malaysian 
kratom 

Methanol 213.45±31.31µg/mL - - 16 Aqueous 104.81±5.77µg/mL - - 

- Ethanol 0.35±0.01mg/mL - 115.46±1.51        
mgGAE/g extract 

13 

- Ethanol 21.61±0.01µg/mL 9.33±0.01µg/mL 89.31±1.44 
quercetin/g  extract 

21 

- Methanol 4.34±1.79μg/mL. 4.25±1.59µg/mL - 22 
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Conclusion: 
 The antioxidant activity of three kratom strains, assessed using various testing 
methods, revealed that each strain of plant has variations in their antioxidant activity and 

constituent substances. Among the study findings, YakYai kratom exhibited the most 
promising results in tests of antioxidant activity and phenolic content, making it a prime 

candidate for further research and development. 
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Abstract:  
Bark from trees can be used as a biological detector contamination of radioactive materials 
through atmospheric absorption. The outer bark surface has varying concentrations of 
radioactive substances. This study analyzed the activity concentration of the beach she-oak 
bark to use as a biomonitor for radioactive contamination. The bark samples were gathered in 
19 provinces along Thailand's coastal, by utilizing a high-purity germanium (HPGe) detector 
and gamma spectrometry analyzing system. The findings demonstrated that 226Ra and 232Th's 
measured mean activity concentration are 4±1 and 8±1 Bq/kg, respectively. The samples 
226Ra concentrations ranged from 1±0 to 9±1 Bq/kg, and 232Th ranged from 3±1 to 15±2 
Bq/kg. This study found that 226Ra average values were  relatively high in Phuket province 
(Mueang Phuket) whereas the remarkable high 223Th average values were observed in Phang 
Nga province (Takua Pa). 
 
Introduction:  
Natural radiation is something that people are constantly exposed to form the concentrations 
of naturally occurring radioactive substances (NORM), like the 238U series, 232Th series, and 
40K which are present in the Earth's crust building materials, rocks, dirt, sand, water, food, 
and even in the human body. Natural radiation sources account for approximately 75% of 
human radiation exposure. This is due to the fact that the majority of the population's 
exposure to external radiation comes from natural sources1. Additionally, there are man-made 
radionuclides that resulted from human activities like nuclear accidents and open-air nuclear 
weapons testing. On Earth, 137Cs is not evenly distributed. According to6, the Southern 
Hemisphere holds onto about 25% of the 137Cs that are released into the atmosphere. 
 
Tree barks have been used to measure radionuclides, organic compound concentrations, and 
element concentrations in the atmosphere2. Tree bark has hardly ever been used in Thailand 
to measure radionuclide levels. It is common knowledge that a tree's bark shields the tree 
from physical harm, water loss, disease, and pest insects and animals. In addition, due to their 
shape and fissured bark, some trees offer an ideal habitat for invertebrates, insects, mosses, 
and lichens. Beach she-oak, is a tree that is planted along the coast to block wind and stop 
erosion caused by seawater. In comparison to the other parts of a tree, the use of tree barks as 
biomonitor of radionuclide contamination has some advantages. Apart from other part of the 
tree, tree bark can be sampled more easily. Tree bark accumulates radionuclides by adsorbing 
them from the atmosphere rather than absorbing them through the roots or by foliar uptake 
after they have been translocate into the stem from the leaves. Due to limited diffusion, 
radionuclides accumulate on the outer bark's surface layers of tree barks have been used as a 
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potential indicator of air pollution since they retain pollutants directly from the air or from the 
rainwater running down the stems. In addition, the retention of particulate matter in the bark 
occurs on a humid, rough or electrically charged surface2.  
 
Making use of beach she-oak includes wood processing for making house poles, using pine 
bark to make a herb mixture because it has anti-aging properties. Moreover, is being used as a 
folk medicine for slowing the occurrence of diabetes in the future9. Therefore, plants with 
high levels of radioactivity can cause health issues because they are typically consumed for 
extended periods of time. 
 
To investigate the effects of both naturally occurring and man-made radioactive emissions on 
the environment, beach she-oak bark samples collected from 19 provinces along the Thai 
coast were used a biomonitor for radioactive contamination. The 137Cs, 226Ra, and 232Th were 
studied using a high-purity germanium (HPGe) detector and gamma spectrometry analysis 
system, the bark sample.  
 
Methodology:  
28 samples of beach she-oak bark samples were collected from 19 provinces, as shown in 
Figure 1 and 2. They were collected along the coast of Thailand, 9 locations from the 
Andaman Sea (Satun, Trang, Krabi, Phuket, Phang Nga, and Ranong), 19 locations from the 
Gulf of Thailand (Prachuap Khiri Khan, Phetchaburi, Samut Songkhram, Chonburi, Rayong, 
Chanthaburi, Trat, Chumphon, Surat Thani, Nakhon Si Thammarat, Songkhla, Pattani and 
Narathiwat) respectively. Beach she-oak bark samples were prepared with standard 
procedures by a study on tree bark samples for atmospheric pollution monitoring2. Then, all 
samples of beach she-oak barks were dried in the electric oven at a temperature of 115 ºC for 
24 hours to remove the moisture. Afterward, all these samples were grinded in the 
Multifunction disintegrator WF-02 and sieved through 2–mm mesh to remove pebbles and 
other macro-impurities. All samples were kept within the plastic containers (diameter 7 cm 
and height 6.5 cm) as much as 5 cm height (around 90 – 135 gram weight) with seals and 
labels, and then stored within 30 days in order to reach secular equilibrium of the 
radionuclides before the laboratory measurement. Standard sources 137Cs and 60Co were used 
for energy calibration the measurement system. The well-known reference materials 
including IAEA/-156 (Radionuclides in clover) obtained from the IAEA were used to 
calculate the efficiency of the HPGe detector to analyze the activity concentration 137Cs 
226Ra, and 232Th in bark samples. The spectra were analyzed using program Genies 2000. The 
activity of 137Cs was determined using their 662 keV gamma spectrometry lines and by using 
the decay products of 214Bi (609 keV) and 228Ac (911 keV), respectively. The measuring time 
for each sample was counted in 10,800 s, and the background spectrum was recorded 
immediately after the sample counting. Activity concentrations A in the sample can be 
calculated using the equation. 
 

WYEff
cpsA




 
 

Where A is the activity concentrations of the sample measured (Bq/kg), cps is the net count 
rate, Eff is radiation probe efficiency, Y is the percentage of gamma radiation emitted by 
radiation source (%), and W the weight of measured sample (kg). 
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Figure 1 Location of the sites used in the study of background radionuclides in bark samples 
from beach she-oaks in the coastal areas of Thailand 

 

  
 

Figure 2 Samples of bark were collected by hand from beach she-oak trees. 
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Results and Discussion:  
Activity concentrations values and ranges of natural and anthropogenic radionuclides 

Results from the analysis of beach she-oak bark samples for activity concentration 
using a high purity germanium (HPGe) detector and a gamma spectrometry system are shown 
in Table 1. Qualitative examination of the isotopes discovered in bark samples from 
Thailand's coastal locations revealed the following isotopes:  137Cs, 228Ac, and 214Bi. Exmple 
of a typical gamma-ray spectrum obtained by the HPGe detector for bark sample number 7, 
in Phang Nga (Takua Pa) is shown in Figure 3. This study examined the concentrations of 
137Cs radioactivity caused by nuclear accidents and outdoor nuclear weapons testing.  It was 
discovered that none of Thailand's 19 provinces had any 137Cs distribution on their beach she-
oak bark. The experiment's findings revealed that the mean measured activity concentrations 
of 226Ra and 232Th is 4 ±1 and 8±1 Bq/kg, respectively. The 226Ra concentrations ranged from 
1±0 to 9±1 Bq/kg and 232Th from 3±1 to 15±2 Bq/kg. 

Compare Beach She-Oak bark to other studies' findings. 
This study found a concentration of 232Th and 226Ra activity along the coast of the 

Andaman Sea.  Figure 4 shows that the average concentration values of 226Ra and 223Th were 
found to be high in Phang Nga (Takua Pa) and Phuket (Mueang Phuket), respectively, 
compared to the Gulf of Thailand. The average activity concentrations of all 28 samples were 
compared to those of other nations shown in Table 2. The average activity concentration of 
226Ra and 223Th in beach she oak bark in this study was found to be analogous to that of oak 
bark from a Turkish study1. 

The retention of particulate matter on tree barks may depend on their surface state. 
Consequently, their element concentrations are dependent on the specific tree species due 
mainly to differences in bark porosity as shown in Figure 5. The accumulation of radioactive 
concentrations in the beach she oak bark was higher in the trees with rougher surfaces, such 
as samples from Phang Nga Province (Takua Pa), which were equal to 8.5 Bq/kg, as opposed 
to samples from Trat Province (Laem Ngop), which were equal to 1.3 Bq/kg. 

Frequency distributions of activity concentrations 
The frequency distribution of the activity concentrations of 137Cs, 226Ra, and 232Th in 

bark beach she-oak from 28 sites in Thailand's coastal regions were analyzed as the results 
shown Figure 6. All of the samples were found to have an asymmetrical distribution of the 
frequency of certain 137Cs, 226Ra, and 232Th activities.   

Figure 3 Gamma-ray spectrum obtained with HPGe detector, for sample No. 7 in Phang Nga 
(Takua Pa). 
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Table 1 Radionuclide activity concentrations found in the beach she-oak bark samples 
(Bq/kg). 

Site 
No. 

Site 
(Amphoe) 

GPS coordinates (o) Activity concentrations 
(Bq/kg) 

N E 137Cs 226Ra 232Th 

 Andaman sea       

1 Satun 
(Mueang Satun) 6.53941 100.06475 N.A 5.7±0.6 6.9±1.4 

2 Satun  
(La-ngu) 6.85746 99.71984 N.A 4.6±0.6 10.7±1.4 

3 Trang 
(Sikao) 7.49442 99.32721 N.A 6.8±0.6 9.4±1.4 

4 Krabi 
(Nuea Khlong) 7.98866 98.97458 N.A 7.6±0.7 10.2±1.6 

5 Krabi 
(Laem Sak) 8.27321 98.64761 N.A 7.4±0.7 11.9±1.7 

6 Phuket 
(Mueang Phuket) 7.77261 98.32273 N.A 8.5±0.8 9.3±1.6 

7 Phangnga 
(Takua Pa) 8.68704 98.24057 N.A 8.4±0.8 15.1±1.9 

8 Phangnga 
(Khura Buri) 9.30124 98.37989 N.A 3±0.4 4.1±1.2 

9 Ranong 
(Kapoe) 9.61686 98.46514 N.A 4.2±0.6 7.8±1.2 

The mean for Andaman Sea  N.A 6.2±0.6 9.5±1.5 

 Gulf of Thailand       

10 Chumphon 
(Lamae) 9.76345 99.14392 N.A 2.4±0.5 8.6±1.6 

11 Chumphon 
(Pathio) 10.75060 99.39992 N.A 1.8±0.4 5.4±1.1 

12 Prachuap Khiri Khan 
(Bang Saphan) 11.20400 99.53312 N.A 1.7±0.3 5.7±1.1 

13 Prachuap Khiri Khan 
(Sam Roi Yot) 12.22452 100.00191 N.A 2.4±0.6 4.3±1 

14 Phetchaburi 
(Cha am) 12.79160 99.98280 N.A 2.8±0.5 6.9±1.6 

15 
Samut Songkhram 
(Mueang Samut 
Songkhram) 

13.36210 100.02299 N.A 1.9±0.4 5.9±1.4 

16 Chon Buri 
(Amphoe Sattahip) 12.84951 100.90128 N.A 2.3±0.4 7.2±1.2 

17 Rayong 
(Mueang  Rayong) 12.63405 101.33768 N.A 1.9±0.4 13±1.9 
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Table 1 Radionuclide activity concentrations found in the beach she-oak bark 
samples (Bq/kg). 

Site 
No. 

Site 
(Amphoe) 

GPS coordinates (o) activity concentrations (Bq/kg) 

N E 137Cs 226Ra 232Th 

18 Chanthaburi 
(Mueang  Chanthaburi) 12.60512 101.87529 N.A 3.0±0.6 2.6±0.8 

19 Trat 
(Laem Ngop) 12.1767 102.38956 N.A 1.3±0.3 6.5±1.5 

20 Surat Thani 
(Don Sak) 9.37601 99.27280 N.A 2.6±0.4 7.1±1.1 

21 Surat Thani 
(Chaiya) 9.31932 99.70895 N.A 1.8±0.4 7.1±1.5 

22 Nakhon Si Thammarat 
(Sichon) 9.04655 99.91092 N.A 5.0±0.7 2.9±1 

23 Nakhon Si Thammarat 
(Pak Phanang) 8.32488 100.25653 N.A 4.3±0.7 8.2±1.3 

24 Songkhla 
(Sathing Phra) 7.43998 100.45671 N.A 2.5±0.5 8±1.6 

25 Songkhla 2 
(Mueang Songkhla) 7.16559 100.63217 N.A 4.5±0.6 11.8±1.6 

26 Pattani 
(Yaring) 6.85947 101.13955 N.A 2.9±0.5 8.2±1.7 

27 Pattani 
(Nong Chik) 6.89861 101.37291 N.A 1.8±0.5 6.9±1.4 

28 Narathiwat 
(Bang Nak) 6.44867 101.82127 N.A 2.5±0.5 7.7±1.3 

The mean for Gulf of Thailand 2.6±0.5 7.1±1.4 

Ranged N.A 1±0-9±1 3±1-15±2

The average (28) N.A 4±1 8±1 
*N.A = not available because the analyzed value falls below the machine's detection threshold.

Table 2 Comparison of 137Cs, 226Ra, and 232Th activity concentrations obtained from this
study with those from other countries 

Sampling 
location 

Tree bark 
species 

Activity concentrations 
(Bq/kg) 

137Cs 226Ra 232Th 

Thailand Beach She-
Oak bark N.A 4±1 8±1 

Turkey,1 pine bark 4±5 1±1 1±1 

oak bark 15±23 4±4 9±8 

Romania7 
oak bark 14 - - 

spruce bark 45 - - 

Chernobyl8 Scots pine bark 31±17 - - 
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Figure 4 Map of the concentrations of 226Ra and 232Th in bark samples along the Thai coast 
 

    
 

Figure 5 a) samples of tree bark from the provinces of Trat (Laem Ngop) (1.3 Bq/kg) and     
b) samples of tree bark from the provinces of Phang Nga (Takua Pa) (5.8 Bq/kg) 

 

a) b) 
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Figure 6 Frequency distribution of specific activity of 226Ra, 232Th and 137Cs in bark samples 

Conclusion: 
Keeping track of the biological contamination caused by 137Cs, 226Ra, and 232Th activities in 
bark samples obtained from 19 provinces along the Thai coast. It was discovered that 137Cs 
contamination was not observed in the bark, indicating no 137Cs distribution from nuclear 
power plant accidents or nuclear weapons testing in the air and environment along the Thai 
coast. In addition, there are significant differences in the biological contamination of 226Ra 
and 232Th in tree bark in each province, depending on factors like bark surface characteristics, 
geographic and geological setting of the sampling location, local and regional meteorological 
parameters. It should be noticed that more research should be done on wood to track the 
radioactive contamination. 
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Abstract: 
The dense network of mosses biomonitor is necessary to assess the spatial distribution 

of atmospheric radionuclides in the environment. However, in urban areas where they are 
lacking, the coastal she-oak branches can alternately be used for the purposes. They 
accumulate these radionuclides via lenticel adsorption rather than the uptake from roots. This 
research focuses on the activity concentration of 7Be and 137Cs in branch samples of 
Casuarina equisetifolia L. collected twice in January and June 2021, from coastal areas 
located on the East and West sides of Southern Thailand. By using 70% relative efficiency 
HPGe is equipped with a low background lead shield. The measured values of 137Cs were 
below MDA, reflecting its low deposition flux over sampling areas. In contrast, 7Be can be 
detected in all samples, and the activity concentrations are ranging following: - in January: 89 
– 516 Bq/kg (mean = 178  116 Bq/kg: East side) and 95 – 408 Bq/kg (mean = 239  93
Bq/kg: West side), in July: 35 – 223 Bq/kg (mean = 130  62 Bq/kg: East side) and 323 – 827
Bq/kg (mean = 486  163 Bq/kg: West side). Consequently, the spatial distribution and
seasonal trend in activity concentration of 7Be can be observed and analyzed. This indicates
the potential of using she-oak branches as a promising biomonitor for environmental
radioactivity research.
Keyword: She-Oak branches, Beryllium-7, Caecium-137

Introduction: 
Beryllium-7 is a cosmogenic radionuclide produced by nuclear spallation reaction 

between high energy proton in galactic cosmic ray and light nuclides (C, N, and O) in 
Stratosphere – Troposphere. The activity concentration and variation of 7Be in surface air are 
influenced by metrological parameters, such as seasonal Stratosphere – Photosphere’s air 
mass intrusion and the vertical/horizontal movement of air mass (Petrova et al., 2009; Pham 
et al., 2011; Ueno et al., 2003).  In contrast, anthropogenic radionuclide, 137Cs is derived from 
nuclear disasters, such as the nuclear power plant accident in Chernobyl (1986) and 
Fukushima (2011), its concentration and variation in surface air are influenced by regional 
topology and local meteorological parameters (Aleksiayenak et al., 2013; Dragovic et al., 
2010; Nifontova et al., 2006). Air sampler and naturally occurring mosses techniques are 
suitable methods to investigate the activity concentration of atmospheric radionuclides in air 
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(unit of Bq/m2 or Bq/m3) and their variations (Bourcier et al., 2011; Du et al., 2008; 
Momoshima et al., 2006; Petrova et al., 2009; Sato et al., 2003). However, it is unsuitable for 
this study due to the limitation of electrical power usage, the number of the sampling stations 
(or spare network of detection), and the biodiversity of mosses in Southern Thailand. In 
addition, Thai’s mosses are generally grown in mountain areas/far from human communities, 
which implies that the radiation effectiveness of those radionuclides on human health is in-
apparently (Krmar et al., 2013; Wattanavatee et al., 2017).     
 Several authors mentioned that coniferous trees, pine, she-oak, Japanese cedar etc. are 
the suitable bio-monitors to investigate the variation of atmospheric radionuclides and heavy 
metal in the environment (Holiaka et al., 2020; Nguyen et al., 2021; Yoschenko et al., 2017). 
So, she-oak, Casuarina equisetifolia L., may has highly efficient in detecting the atmospheric 
radionuclides due to it is growth along coastal areas of the peninsular Thailand; - cover over a 
large area & dense network of detection, and the branches may have a high surface-to-
volume ratio reflects highly efficient to trap the atmospheric aerosols.    

This research is the first attempt to integrate the probable use branches of she-oak 
‘Casuarina equisetifolia L’ as a bio-monitor for investigation of the activity concentration of 
atmospheric radionuclides 7Be and 137Cs, over a large area of Southern Thailand, covering 
human communities and high touristic beaches located in Changwat Pattani, Songkhla, 
Nakhon Si Thammarat, Surat Thani, Chumporn, Ranong, Phang Nga, Phuket, Krabi, Trang 
and Satun. This includes explaining the spatial distributions and probable factors affecting 
these distributions.  
 
Methodology:  
 The fresh she-oak branches samples were collected twice in January and June 2021 
with 4 days sampling period each month, from 20 beaches located in 11 provinces; - S01-E – 
S09-E and S18-E – S20-E are located on the East side and S10-W – S17-W are located on the 
West side of Southern Thailand as shown in Figure 1 and Table 1. At a particular sampling 
site, the 5-10 sub-samples (50x50 m2 area and 1.5-2.0 m above ground) were mixed, 
impurities were removed, and about 300-500 g was kept into a plastic bag and returned to the 
laboratory. In the laboratory, after carefully washing with tap water to remove any dust or 
sediments, the green parts of she-oak branches were selected, and dried with an electric oven 
at 80C for 24 – 72 hours for constant weight. The dried samples were thoroughly cut, finely 
blended, homogenized, weighed, placed, and sealed into 105 mm x 55 mm inches cylindrical 
box of a similar geometry as the calibration standard.  

The intensity of gamma rays via disintegration of 7Be and 137Cs in dried she-oak 
branches samples were measured by low background gamma spectrometer; - The 3.5 inches 
in diameter, 70% relative efficiency and 2.00 keV resolutions at 1.33 MeV (FWHM) p-type 
HPGe detector (Canberra GC7020) is enclosed in 4.5 inches lead shield (Canberra 747) in 
order to reduce environmental background, the 8,192 channels MCA (Canberra DSA1000) 
and Genies2000 software are obtained for data acquisition. Energy calibration was performed 
by a standard reference 152Eu (GAMMA DATA cooperation), while IAEA156 
(Radionuclides in Clover, IAEA) is used for efficiency calibration. After background 
subtraction, the activity concentrations of 7Be and 137Cs were determined by using 477 and 
661.5 keV photopeak’s, respectively.       

The activity concentrations of the studied radionuclide were calculated from their 
gamma intensity by using equation (1) 

 (1) 
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Where count of gamma rays in measuring time LT (second), m is dried mass of she-
oak branch (kg),  is the gamma yield and  is the detector efficiency at a given gamma 
energy (cps/Bq).    

According to Currie formula (Currie 1968), the minimum detectable activity (MDA) 
was derived from a standard derivation of environmental background ( )B , as shown in 
equation (2) 

(2) 
It should be noticed that, after sample pretreatment, the dried branch samples are 

measured immediately by gamma spectrometer for determination of gamma intensity of 7Be 
and 137Cs. The measured times are varied from 3-9 hours to give good statistic counting 
uncertainty, and due to the short half-life of about 53 days, activity concentrations of 7Be are 
corrected to a period of she-oak branches sampler.   

Results and Discussion: 
-Activity concentrations of atmospheric radionuclides, 7Be and 137Cs

The measured activity concentration of 7Be and 137Cs in she-oak branch samples are 
shown in Table 1, it displayed that activity concentrations of 137Cs are lower than MDA (i.e., 
less than 2.0 Bq/kg). This means no measurable amount of 137Cs in the she-oak branches 
samples in the current study, which may reflect there was a low deposition flux of this 
radionuclide over Southern Thailand (Kessaratikoon et al., 2012; Kessaratikoon et al., 2016). 

In contrast, Beryllium-7 was detected in all she-oak branches samples, ranging from 
89 (S03-E) – 516 Bq/kg (S09-E) (mean = 202  110 Bq/kg) and 35 (S20-E) – 827 Bq/kg 
(S16-W) (mean = 273  209 Bq/kg), for she-oak branches samples collected in January and 
June, respectively. Although the mean activity concentration of 7Be in she-oak branches 
samples collected in January and June, was slightly the same, however the mean values of the 
East and West side were differ significantly, which are the following; - East side: 89 – 516 
Bq/kg (mean 178  116 Bq/kg, January), 35 – 223 Bq/kg (mean 130  62 Bq/kg, June) and 
West side: 95 – 408 Bq/kg (mean 239  94 Bq/kg, January), 323 – 827 Bq/kg (mean 486  
163 Bq/kg, June) as shown in Figure 1. In addition, the mean activity concentration of 7Be in 
she-oak branches samples collected from sampling sites located on the East side and West 
side of Southern Thailand shows the opposite variation trend between January and June; - 
decreasing trendy from 178 to 130 Bq/kg (east side) and increasing trend from 239 to 485 
Bq/kg (west side) respectively. Meanwhile, she-oak branches of each sampling location were 
collected during the same period of daytime. This implies that she-oak branches were 
exposed to similar atmospheric conditions (deposition rate and precipitation, etc.). 
Furthermore, radionuclides can pass through the she-oak (as well as other vascular plants) 
either from lenticel or phloem. Hence, the difference in activity concentration of 7Be in she-
oak at a particular sampling site can significantly differ between age, growth strategy, diverse 
uptake mechanisms, surface morphological structure (expectedly for absorption of airborne 
radionuclides) (Denayer et al., 1999, Sugihara et al., 2008; Zechmeister, 1995;). For example, 

the she-oak branches were collected randomly from she-oak trees in 55 m2, then differences 
between ‘She-oak tree’s age’ may cause difference in uptake mechanisms and degree of 
retentions, the “Degree of local shelter”; - the she-oak branches samples were collected under 
the tree trunk at 1.5 – 2.0 m above ground, so she-oak branches cover them grew higher 
which have ability for shelter and retention to the deposition of atmospheric aerosols. So, 
these two factors will significantly affect the activity concentrations of 7Be in the she-oak 
branches samples and cause an abundant of uncertainty.    
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Table1  Sample No, Beach’s name, latitude and longitude of sampling site and activity concentration of 7Be 
and 137Cs (Bq/kg)  
Sample 
No 

Beach’s name/ 
Province 

Latitude(N) Longitude(E) Activity concentration (Bq/kg) 
7Be 137Cs 

January June January June 
S01-E Hat Cholthawat/ 

Songkhla 7°36'09.3" 100°24'42.8" 11526 10225 <3 <2 

S02-E Hat Chun Jang/ 
Nakorn Si Thammarat 8°04'48.6" 100°18'37.5" 17421 4822 <3 <1 

S03-E Hat Ban Nai Thung/ 
Nakorn Si hammarat 8°38'31.6" 99°57'05.9" 8913 13329 <2 <8 

S04-E Hat Bang Dee/  
Nakorn Si hammarat 8°54'26.0" 99°54'56.5" 20717 14124 <2 <7 

S05-E Hat Nai Plaw/  
Nakorn Si Thammarat 9°09'52.9" 99°52'25.4" 11513 10033 <2 <2 

S06-E Hat Lhang Sai/ 
Surat Thani 9°25'38.2" 99°16'54.6" 18816 22342 <2 <2 

S07-E Hat TawanChai/ 
Chum Phon 9°47'13.7" 99°08'25.6" 24423 5838 <2 <2 

S08-E Hat Sai Ree/ 
Chum Phon 10°11'23.6" 99°11'05.8" 15616 17470 <2 <4 

S09-E Hat Thung Wour Lan/ 
Chum Phon 10°33'30.5" 99°16'25.4" 51622 19573 <3 <3 

S10-W Hat Bang Bane/ 
Ranong 9°37'00.3" 98°27'53.8' 40817 39835 <3 <2 

S11-W Hat Aow Keuy/ 
Phang Nga 9°18'03.3" 98°22'47.4" 25318 32343 <2 <2 

S12-W Hat Bang Sak/  
Phang Nga 8°47'06.8" 98°15'43.8" 32822 48260 <2 <4 

S13-W Hat Mai Khaw/ 
Phuket 8°07'18.7" 98°18'06.1" 21019 42561 <2 <2 

S14-W Hat Aow Nang/ 
Krabi 8°02'30.5" 98°48'42.9" 20515 58366 <2 <4 

S15-W Hat Rajhamongkol/ 
Trang 7°31'20.9" 99°18'25.6" 9511 34138 <2 <3 

S16-W Hat Samran/ 
Trang 7°14'11.5" 99°32'07.4" 20315 82756 <2 <5 

S17-W Hat Ra Wai/ 
Satun 6°59'20.8" 99°40'27.3" 21216 50674 <2 <8 

S18-E Hat Sakom/ 
Songkhla 6°56'29.7" 100°52'14.8" 9613 18948 <2 <2 

S19-E Hat Ta Loh Ka Pow/ 
Pattani 6°53'53.2" 101°22'22.0" 12716 16946 <2 <4 

S20-E Hat Chalatuch/ 
Songkhla 7°12'10.7" 100°36'10.8" 11113 3520 <2 <8 

   Min 89 35 N/A N/A 
   Max 516 827 N/A N/A 
   Median 196 192 N/A N/A 
   Average 203 273 N/A N/A 
   SD 110 209 N/A N/A 

 
In fact, 7Be is originated in the atmosphere via a spallation nuclear reaction between 

galactic cosmic rays and light nuclide in the lower stratosphere – upper troposphere and 
attached to atmospheric aerosol. The highest production rate of 7Be was found around 50N 
and decreased toward the equator (Nagai et al., 2000). In addition, by reports from previous 
studies (Du et al., 2008; Momoshima et al., 2006; Petrova et al., 2009; Yi et al., 2007), 
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authors suggested the maximum deposition flux of 7Be due to stratosphere – troposphere air 
mass exchange in mid-latitude countries of the northern hemisphere occurred in January to 
April, this implied that there was abundant of 7Be in ground surface air over the mainland of 
Chinese continent during the sampling period of this study (January). Southern Thailand is 
separated into two geographical parts; - the East and West side, by tall mountain ranges laid 
in center along the north to the south direction, which affects the difference in climate of 
these parts. The Eastern side is wet with high precipitation affected by North-Eastern 
monsoon and cold air mass transportation from the Chinese continent from October to March, 
warm and dry from late March to June. By influencing of the South-Western monsoon, which 
carries marine air masses from the Indian Ocean to the Andaman Sea, the Western side has 
high precipitation from June to October while warm and dry from November to February. 
(Tipayamongkholgul et al., 2009). Consequently, during the sampling period (January), the 
East side of Southern Thailand is influenced by NE monsoon, which is a cold and dry air 
mass coming from over continental China and the countries located at high latitude of the 
upper hemisphere that may contain high amount of 7Be content was transported to Thailand 
and may increase activity concentration and deposition rate of 7Be in ground surface air over 
large areas in the East side of Southern Thailand. Then 7Be washed-out and reached into the 
she-oak branch samples both wet deposition by rain, and dry deposition by wind. In June, 
Southern Thailand faced to SW monsoon and air mass from the Andaman Sea, with 
comparatively lower 7Be from lower latitude countries (Doering and Akber, 2008: Larin et 
al., 2014). This agrees with previous studies of 7Be concentration in mosses collected from 
several sampling sites located in Peninsular, Thailand (Krmar et al., 2013; Wattanavatee et 
al., 2017). It is a plausible reason to explain the decrease in measured activity concentration 
of 7Be in the she-oak branches sample collected in sampling areas located on the East side of 
Southern Thailand from January to June.      

 
(a) (b) 

Figure 1 Geographic of sampling sites and activity concentration of 7Be (Bq/kg) in 
the she-oak branches collected in (a) January and (b) June.  
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The activity concentration of 7Be in the she-oak branches collected from the West side 
of Southern Thailand showed an increasing trend, and it is clear that its mean values were 
higher compared to the East side for January and June, Therefore, there was no previous 
report for 7Be in ground surface air over the Andaman Sea, Indian Ocean, or neighboring 
countries located in the lower latitude of the northern hemisphere to support our study. 
However, there were reported that the measured activity concentration of 7Be in ground 
surface air from southern hemisphere countries; - for example, 1.4 – 3.0 mBq/m3 (South 
Pacific, 1-29S; Uematsu at al., 1994), 1.7-10.3 mBq/m3 (Brisbane, Australia, 27.3S; 
Doering and Akber, 2008), 1.4 – 4.9 mBq/m3 (Oceania, 0.5 – 46.6 S; Doering and Akber, 
2008), 4.7 – 77.3 Bq/m2/week (Melbourne, 37S; Courtier et al., 2017). These values are in 
agreement with the previous reported by several authors from the Northern hemisphere (Du 
et al., 2008; Nagai et al., 2000; Momoshima et al., 2006; Petrova et al., 2009; Ueno et al., 
2003; Yi et al., 2007). So, we hypothesize a possible explanation for the measured activity 
concentration of 7Be in the she-oak branches sample collected from sampling areas on the 
West side of Southern Thailand that increased from January to June is ‘The 7Be derived from 
the Southern hemisphere’. During the sampling period (June), the maritime air masses over 
the Indian Ocean, Andaman Sea and equator migrate from lower latitude of Northern and 
Southern hemispheres in the West or South-western direction to Southern Thailand 
influenced by SW monsoon and causing rainfall over west side areas of the peninsular. 
Perhaps, a portion of air and water vapors may contain a high amount of 7Be which originates 
from region of lower latitude of the Southern hemisphere and transported across the equator. 
During this period, the West side of Southern Thailand is influenced by these air masses, this 
may increase activity concentration and deposition flux of 7Be in ground surface air and 
deposited onto the she-oak branches. However, the hypothesis may be corroborated with a 
separate study or future published reports. 

 

  
 
Figure 2 Distribution of activity concentration of 7Be in the she-oak branches samples 
collected in January (blue bar) and June (orange bar) versus the sampling site.   

 
 
-Spatial distribution of 7Be         
 As discussed in the previous session, it can be implied that the activity concentration 
of 7Be in the she-oak branches shows a kind of seasonal variation, which may be affected by 
regional meteorological parameters such as transportation of air mass and monsoon over the 
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Southern Thailand. In addition, a kind of spatial distribution of activity concentration of 7Be 
can be seen as shown in Figure 2. There is slightly increasing trend of activity concentration 
of 7Be from S01-E toward to S09-E in January (blue bar) and S01-E toward to S16-W in June 
(Orange bar), where S09-E and S16-W located in Chumpon Province (10°33'30.5") and 
Trang Province (7°14'11.5") respectively. Therefore, Figure 3 shows the variation in activity 
concentration of 7Be versus the latitude of sampling areas; - it is generally known that 
production of 7Be decreased from the mid-latitude of the Northern hemisphere toward the 
equator (Nagai et al., 2000), so this can explain why activity concentration of 7Be in the she-
oak branches samples collected in January show an increasing trend from S19-E toward to 
S09-E (dash line with Pearson’s coefficient, r = 0.554), they are located on the East side at 
lowest and highest latitude respectively (Figure 1a and Figure 3a). On the West side, it is 
ambiguous in the decreasing trend of the activity concentration of 7Be collected in June at the 
lower latitude sampling site (S17-W) toward the higher latitude sampling site (S10-W) 
(Figure 1b and Figure 3b (dash line, with Pearson’s coefficient, r = -0.233)), this is not 
easily explained, and future studies must be required. Nevertheless, this may be one evident 
to support our hypothesis ‘the 7Be derived from the Southern hemisphere’, which is discussed 
in the previous session.   

 
(a) 

 
(b) 

Figure 3 Spatial distribution of 7Be in the she-oak branches samples collected in (a) January 
and (b) June.  
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Conclusion:  
This pilot study has shown the potential of using she-oak branches, Casuarina 

equisetifolia L., as a biomonitoring for deposition of atmospheric radionuclide 7Be and 137Cs 
over large areas in Southern Thailand. The sampler is inexpensive, sample pretreatment is 
very simple with a relatively small amount of dried she-oak branches (about 60-100 g), and 
activity concentration of 7Be and 137Cs can be obtained measured gamma spectra by using 
70% relative efficiency of HPGe gamma spectrometry. The measured activity concentration 
of 137Cs below MDA, this may be due to low deposition flux of this radionuclide over the 
sampling areas. However, 7Be can be detected in all the branch samples, and its content in the 
branches is affected by regional topology and some regional meteorological parameters such 
as transportation of air mass and seasonal monsoon. Furthermore, the study result can detail a 
kind of variation (may be seasonal variation), spatial distribution and latitude dependence of 
7Be over Southern Thailand.            
 The Casuarina equisetifolia L., although its uptakes of water and nutrient directly by 
both root system and folia, however the atmospheric aerosols can be adsorbed and 
accumulated into branches through the lenticel. Therefore, it grows along the coastal areas of 
Southern Thailand, is easy to see and makes a dense network of air or dust particle sampler. 
There is a possibility of using she-oak Casuarina equisetifolia L. as a biomonitoring for 
understanding global trends by means of transportation, seasonal variation, and spatial 
distribution of atmospheric radionuclides 7Be. The seasonal variation of 7Be (and other 
radioisotopes) can be achieved by repeating measurement in future research.                       
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