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Abstract- In order to improve the penicillin removal from the 

swine wastewater, the main challenge is to developed practical 

system for penicillin removal with low-operating cost. In this 

study, the low-cost ceramic microbial fuel cell (CMFC) was 

integrated with the penicillin degrading consortium. The 

electrochemical properties such as open circuit voltage (OCV), 

current density (CD), and power density (PD) were measured. In 

term of wastewater treatment, the laccase activity, penicillin and 

chemical oxygen demand (COD) removal efficiencies were 

studied. The results indicated that the maximal OCV, CD, and 

PD of the CMFC of 972.882.03 mV, 2.000.15 A/m3 and 

0.920.02 W/m3 were achieved at the stationary phase. The 

extracellular laccase of 2.540.08 U/mL was released. The 

maximal penicillin and COD removal of 95.101.30% and 

96.152.25%. This work provided the new knowledge in using 

the low-cost ceramic separator microbial fuel cell for penicillin 

removal and electricity generation from the swine wastewater. 
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I. INTRODUCTION 

The rapidly growing human population led to the 

economic development of enhanced feedstock-based food 

demand. Among meat demand, pork and poultry have broadly 

consumed worldwide [1]. Swine wastewater is a high organic 

and nutrient content as well as hormones, heavy metal and 

antibiotic drugs resulting from feces, feed and washing water [2-

3]. It has become a critical polluting situation for antibiotic 

drugs. The previous report has shown that only 10-30% of 

consumed antibiotics are metabolized by animals. The non-

consumed drug has been discharged into the swine wastewater in 

original or metabolite forms [4]. The results of Hoekstra and 

Chapagain reported the production of 1 kg generated 

approximately 4.8 m3 of swine wastewater [5]. This wastewater 

should be improved before discharging municipal wastewater 

treatment plants or groundwater. Various processes have been 

developed for swine wastewater treatment such as 

electrochemical oxidation, ozonation, UV/hydrogen peroxide, 

photocatalysis, Fenton process and biological treatment [6-8]. 

The study of Domingues et al. has indicated that antibiotics can 

inhibit total effluent biological treatment [9]. The major classes 

of antibiotics used for feedstock growing are tetracyclines, 

penicillin, macrolides and sulfonamides [10]. 

Penicillin is a broadly applied antibiotic in feedstock 

growing especially swine and cattle [11]. It can be discharged to 

the wastewater and caused the high toxic impact for 

environment. The penicillin could bind to the specific protein 

called, penicillin-binding protein (PBP) of bacteria led to the 

inhibition of cell wall synthesis [12]. 

Laccase is the well-known biocatalyst owing to its broadly 

substrate specification led to wide range of application [13]. 

Nowadays, bacterial laccase has more interested than other 

microbes owing to its ability to tolerate high alkaline and 

temperature [14]. The bacterial laccase can be applied for various 

application such as antibiotic degradation [15], decolorization 

[16], bisphenol A (BPA) degradation [17], and biosensor [18]. 

Microbial fuel cell (MFC) is considered as green 

biotechnology for electricity generation and simultaneously 

wastewater bioremediation [19]. It has been used for different 

wastewater treatment such as pharmaceutical wastewater [20], 

municipal wastewater [21], sanitary wastewater [22], urine 

wastewater [23], rice mill wastewater and swine wastewater [25]. 

In Ren et al., the constructed wetland-microbial fuel cell has 

successfully used for swine wastewater treatment and electricity 

generation. The results showed that the maximal chemical 

oxygen demand (COD) of 72% and power output of 33.3 mW/m3 

were obtained. Whereas the antibiotic removal efficiency was not 

gained [26]. 

Ceramic microbial fuel cell (CMFC) has been shown to be 

the economically model of wastewater treatment and electricity 

generation [27]. Moreover, the CMFC can reduce approximately 

60% of the material cost led to the suitable model for large-scale 

application [28]. The study of Gajda et al. has reported the 

CMFC can stability generation of electrical power up to 19 

months [29]. 

Therefore, the CMFC was designed and conducted in this 

study for simultaneously removing penicillin from the synthetic 

swine wastewater. The removal efficiency of COD and penicillin 

were examined. The laccase activity and electrochemical 

properties were investigated. 
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MATERIAL AND METHOD 

CMFC model 

The stack CMFC used in this experiment was constructed 

from the modified model by Gajda et al. [29]. The terracotta 

cylinder (5.0 cm of diameter, 10.0 cm of height, and 0.3 cm of 

thickness) was used as a ceramic separator. The MFC chamber 

was made from the plastic tube with 500 mL of working volume. 

The activated carbon granule and stainless-steel mesh were used 

as electrodes. The electrodes were linked by copper wire (Fig. 1). 

 
Figure 1: Diagram of the CMFC used in this experiment. 

 

 

Microbial consortium 

The penicillin degrading bacterial consortium was 

achieved from the Microbial Fuel Cell  Bioremediation 

Laboratory, Faculty of Science, Thaksin University, Thailand. It 

was mainly comprising of Morganella morganii, Pseudomonas 

multiresinivorans, and Clostridium senegalense. The consortium 

was maintained in the nutrient broth (3.0 g/L of beef extract and 

5.0 g/L of peptone). The consortium was prepared at the 

concentration of 1.0  108 cell/mL using the spectrophotometry 

(OD 600 nm) and the standard curve before it was used. 

 

Swine wastewater 

The synthetic swine wastewater was prepared according 

to Cheng et al. [30], the wastewater contains 3.00 g/L of glucose 

(C6H12O6), 0.45 g/L of ammonium chloride (NH4Cl), 0.13 g/L of 

potassium dihydrogen phosphate (KH2PO4), 0.05 g/L of 

magnesium sulphate heptahydrate (MgSO4  7H2O), and 0.01 g/L 

of calcium chloride dihydrate (CaCl2  2H2O). The synthetic 

swine wastewater was sterilized at 121 C for 15 mins to avoid 

the microbial contamination. The 100 g/mL penicillin was 

added and kept at 4 C before it was used in the next section. 

 

CMFC operation 

The 50 mL of 48-hr old consortium seed was inoculated 

into the CMFC chamber and the 450 mL of swine wastewater 

was added. The seed and wastewater were fermented for 48-hr 

under room temperature to immobilizing the penicillin degrading 

consortium on the anodic electrode. The 500 mL of fermented 

solution was fed out. Then, the 500 mL of fresh swine 

wastewater was fed in to determine the electrochemical 

properties of system. The open circuit voltage (OCV) was 

monitored every 60 mins for 1,440 mins. The close circuit 

voltage (CCV) was collected at the stationary phase of the 

electrical cycle. The polarization curve was measured at 300 – 

1,000  and plotted for study in the maximal power output 

generated from the CMFC system. The electrochemical 

properties such as current (A), power (W), current density (A/m3) 

and power density (W/m3) were calculated follows: 

 

I  = V/R  (1) 

P  = IV  (2) 

CD = I/A  (3) 

PD = P/A  (4) 

 

where I is the current (A), V is the CCV at the external resistance 

of 1,000  (V), R is the external resistance (), P is the power 

(W), CD is the current density per working volume (A/m3), A is 

the working volume (m3) and PD is the power density per 

working volume (W/m3). 

 

Enzyme monitoring 

The laccase activity was monitored using the UV-Vis 

spectrophotometry at 420 nm according to Chaijak et al. [31]. 

The swine wastewater was centrifuged at 12,000 rpm for 10 mins 

under 4 C to preserve the crude enzyme activity. The 5 L of 

supernatant was mixed with the 95 L of ABTS solution. The 

colorimetric assay was determined. The laccase activity was 

measured every 360 mins for 1,440 mins. 
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Wastewater treatment 

The swine wastewater was centrifuged at 12,000 rpm for 

10 mins, the supernatant was collected. The penicillin removal 

was studied according to Yang et al. [32], the absorbance was 

determined at 325 nm using UV-Vis spectrophotometry. The 

penicillin removal was monitored every 360 mins for 1,440 mins.  

The COD removal was measured using the High Range 

Plus COD kit (Hach, United States). The 0.25 mL of supernatant 

was added into the COD vial and heated in the DRB200 reactor 

for 2 hr. Then, the vial was cooled down at room temperature and 

measured the COD data using colorimetric procedure. 

 

II. RESULTS AND DISCUSSION 

The 48-hr old active consortium was inoculated onto the 

surface of anodic electrode in the CMFC. The swine wastewater 

with 100 g/mL penicillin was fed in to prove the wastewater 

treatment and electricity generation efficiencies. The log phase 

was covered during time-0 min to thime-720 min. The stationary 

phase was covered during time-720 to time-1,440 min (Fig. 2). 

The maximal OCV of 972.882.03 mV was obtained at the 

stationary phase. 

 

  

 

Figure 2: The open circuit voltage of the CMFC with the penicillin degrading consortium. 

 

The polarization curve was calculated when the external 

resistances of 300-1,000  were applied with the CMFC at the 

stationary phase. The Ohm’s law was used for the calculation of 

the electrochemical properties. The maximal current density and 

power density of 2.000.15 A/m3 and 0.920.02 W/m3 were 

gained without the expensive metal catalyst. The polarization 

curve was showed in Fig. 3. 

 

 

Figure 3: The polarization curve of the CMFC with the penicillin degrading consortium. 
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The extracellular laccase activity of the penicillin 

degrading consortium immobilized on the anodic surface was 

determined using the colorimetric method. The supernatant 

collected from the wastewater was used. The laccase activity was 

monitored every 360 mins or 6 hr. The laccase activity was found 

when the 48-hr old active consortium was contacted with the 

swine wastewater for 6 hr. The maximal laccase activity of 

2.540.08 U/mL was achieved at time-1,080 min (Fig. 4). 

 

 

Figure 4: The laccase activity during the CMFC operation. 

 

The penicillin removal efficiency from the swine 

wastewater using the CMFC was measured every 360 mins 

where the initial penicillin concentration of 100 g/mL. The 

maximal penicillin removal of 95.101.30% was achieved (Fig. 

5). 

 

 

Figure 5: The penicillin removal (%) of the CMFC in this experiment. 
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The COD removal efficiency of the CMFC system was 

measured to study of the wastewater treatment potential of this 

system. The maximal COD removal of 96.152.25% was 

obtained. The COD removal of the CMFC with the penicillin 

degrading consortium was shown in Fig. 6. 

 

 

 

Figure 6: The COD removal (%) of the CMFC in this experiment.

 

On the other hand, the swine wastewater was treated using 

the constructed wetland-microbial fuel cell with the macrophyte 

Ipomoea aquatica   as a biocatalyst. The maximal power output 

of 0.50 W/m3 was gained where the Comamonas sp. was 

immobilized on the anodic surface for wastewater treatment [33]. 

In the study of Zhang et al., the photosynthetic algae (Chlorella 

vulgaris) MFC was used for power generation in the swine 

wastewater. The maximal voltage and power output of 747 mV 

and 3.72 W/m3 were gained. However, the antibiotic removal 

efficiency was not achieved [34]. 

Moreover, the single chamber MFC with air-cathode of 

platinum-coated carbon cloth has been used for the swine 

wastewater treatment and simultaneously electricity generation. 

The maximal power output of 0.6 to 2.2 W/m3 were generated 

along with the COD removal of 52% [35]. Li et al. indicated the 

airlift photosynthetic MFC using the swine wastewater as 

substrate was developed. It has performed in mixotrophic 

cultivation and enriched electrogene. The maximal power density 

of 1.92 KW/m3 was gained [36]. As the result of Ni et al., the 

dual-chamber MFC was used for the swine wastewater treatment. 

The maximal voltage output of 634 mV was generated with the 

maximal COD removal efficiency of 80.10% [37]. 

Various processes have been developed in term of 

antibiotic removal from the agricultural and municipal 

wastewater such as photocatalysis, adsorption, membrane 

technology, hybrid technology, anaerobic treatment, aerobic 

treatment, electrochemical oxidation, wet oxidation and 

ozonation [38]. The comparison of antibiotic removal 

technologies potential of this study and other studies has 

presented in Table 1. 

 

 

Table 1: The antibiotic removal efficiency of this experiment and other work. 

Technology Antibiotic type Removal 

(%) 

Chemical/Power 

input 

By-product Reference 

CMFC Penicillin 95.101.30 - Electrical power This work 

Anaerobic treatment Sulfonamide 

-lactam 

95.00 Electrical energy None [39] 

Adsorption Tetracycline 100.00 Electrical energy 

Biochar 

None [30] 

Biodegradation Sulfonamide 90.00 Electrical energy 

Chemical supplement 

None [40] 

Modified constructed wetland Tetracycline 98.00 Electrical energy None [41] 
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CONCLUSION 

In conclusion, the ceramic microbial fuel cell (CMFC) has 

been developed for penicillin removal from the swine wastewater 

and simultaneously electricity generation. The maximal 

penicillin removal of 95.101.30% was reached when the 

extracellular laccase has releasing from the anodic surface. The 

maximal power output of 0.920.02 W/m3 was produced. This 

work gained the new knowledge in using the low-cost ceramic 

separator microbial fuel cell for penicillin removal and electricity 

generation from the swine wastewater. 

ACKNOWLEDGMENT 

This work was financially supported by the Office of the 

Permanent Secretary, Ministry of Higher Education, Science, 

Research and Innovation (Grant No. RGNS 64-087). 

REFERENCES 

[1] J. Zanh, J. Hatfield, M. Kwon, Y. Jung, T. M. Hwang, and J. W. Kang, 
“Functional classification of swine manure management systems based on 
effluent and gas emission characteristics,” J Envin Qual, vol. 30, pp. 635-
647, 2001. 

[2] B. Zhang, L. Wang, B. A. Riddicka, R. Li, J. R. Able, N. A. Boakye-
Boaten, and A. Shahbazi, A, “Sustainable production of algal biomass and 
biofuels using swine wastewater in North Carolina, US,” Sustain, vol. 8, pp. 
477, 2016. 

[3] J. Zhang, L. Mao, K. Nithya, K. C. Loh, Y. Dai, Y. He, and Y. W. Tong, 
“Optimizing mixing strategy to improve the performance of an anaerobic 
digestion waste-to-energy system for energy recovery from food waste,” 
Appl Energy, vol. 249, pp. 28-36, 2019. 

[4] Q. Zhou, X. Li, S. Wu, Y. Zhong, and C. Yang, “Enhanced strategies for 
antibiotic removal from swine wastewater in anaerobic digestion,” Trends 
Biotechnol, vol. 1, pp. 1-3, 2020. 

[5] A. Y. Hoekstra, and M. A. Chapagain, “How much water is used for 
producing our goods and services? Globalization of water,” Sharing the 
planet’s Freshwater resources, pp. 7-17, 2008. 

[6] I. Oller, S. Malato, and J. Sanchez-Perez, “Combination of avanced 
oxidation processes and biological treatments for wastewater 
decontamination – a review,” Sci Total Environ, vol. 409, pp. 4141-4146, 
2011. 

[7] J. Gomes, R. Costa, R. Quinta-Ferreira, and R. C. Martins, “ Application of 
ozonation for pharmaceuticals and personal care products removal from 
water,” Sci Total Environ, vol. 586, pp. 265-283, 2017. 

[8] B. B. Garcia, G. Lourinho, P. Romano, P. S. D. Brito, “Photocatalytic 
degradation of swine wastewater on aqueous TiO2 suspensions: 
optimization and modeling via Box-Behnken design. Heliyon, vol. 6, pp. 
e03293, 2020. 

[9] E. Domingues, E. Fernandes, J. Gomes, and R. C. Martins, “Advanced 
oxidation processes perspective regarding swine wastewater treatment,” Sci 
Total Environ, vol. 776, pp. 145958, 2021. 

[10] W. Michelon, A. Matthiensen, A. Viancelli, G. Fongaro, V. Gresler, and H. 
M. Soares, “Removal of veterinary antibiotics in swine wastewater using 
microalgae-based process,” Environ Res, vol. 207, pp. 112192, 2022. 

[11] H. Li, R. Gehring, J. E. Riviere, and Z. Lin, “Development and application 
of a population physiologically based pharmacokinetic model for penicillin 
G in swine and cattle for food safety assessment,” Food Chem Toxicol, vol. 
107, pp. 74-87, 2017. 

[12] D. Li, M. Yang, J. Hu, Y. Zhang, H. Chang, and F. Jin, “Determination of 
penicillin G and its degradation products in a penicillin production 
wastewater treatment plant and the receing river,” Water Res, vol. 42, pp. 
307-317, 2008. 

[13] J. Xia, Q. Wang, Q. Luo, Y. Chen, X. R. Liao, and Z. B. Guan, “Secretory 
expression and optimization of Bacillus pumilus CotA-laccase mutant 
GWLF in Pichia pastoris and its mechanism on Evans blue degradation,” 
Process Biochem, vol. 78, pp. 33-41, 2019. 

[14] D. Yadav, B. Ranjan, N. Mchunu, M. L. Rose-Hill, and T. Kudanga, 
“Secretory expression of recombinant small laccase from Stretomyces 
coelicolor A3(2) in Pichia pastoris,” Int J Biol Macromole, vol. 108, pp. 
642-649, 2018. 

[15] D. Yadav, B. Ranjan, N. Mchunu, M. L. Rose-Hill, and T. Kudanga, 
“Enhancing the expression of recombinant small laccase in Pichia pastoris 
by a double promoter system and application in antibiotics degradation,” 
Folia Microbiol, vol. 66, pp. 917-930, 2021. 

[16] J. Liu, J. Chen, K. Zuo, H. Li, F. Peng, Q. Ran, R. Wang, Z. Jiang, and H. 
Song, “Chemically induced oxidative stress improved bacterial laccase-
mediated degradation and detoxification of the synthetic dyes,” Ecotoxicol 
Environ Safety, vol. 226, pp. 112823, 2021. 

[17] R. Das, G. Li, B. Mai, and T. An, “Spore cells from BPA degrading bacteria 
Bacillus sp. GZB displaying high laccase activity and stability for BPA 
degradation,” Sci Total Environ, vol. 640, pp. 798-806, 2018. 

[18] Y. Zhang, Z. Lv, J. Zhou, Y. Fang, H. Wu, F. Xin, W. Zhang, J. Ma, N. Xu, 
A. He, W. Dong, and M. Jiang, “Amperometric biosensors based on 
recombinant bacterial laccase CotA for hydroquinone determination,” 
Electroanalysis, vol. 32, pp. 142-148, 2020. 

[19] S. Maddalwar, K. K. Nayak, M. Kumar, and L. Singh, “Plant microbial fuel 
cell: Opportunities, challenges, and prospects,” Bioresour Technol, vol. 
341, pp. 125772, 2021. 

[20] T. Raschid, F. Sher, A. Hazafa, R. Q. Hashmi, A. Zafar, T. Rasheed, and S. 
Hussain, “Design and feasibility study of novel paraboloid graphite based 
microbial fuel cell for bioelectrogenesis and pharmaceutical wastewater 
treatment,” J Environ Chem Eng, vol. 9, pp. 104502, 2021. 

[21] P. Liang, R. Duan, Y. Jiang, X. Zhang, Y. Qiu, and X. Huang, “One-year 
operation of 1000-L modularized micorbial fuel cell for municipal 
wastewater treatment,” Water Res, vol. 141, pp. 1-8, 2018. 

[22] I. Das, M. M. Ghangrekar, R. Satyakam, and P. Srivastava, “One-site 
sanitary wastewater treatment system using 720-L stacked microbial fuel 
cell: case study,” J Hazard Toxic Radioact Waste, vol. 24, pp. 04020025, 
2020. 

[23] S. Lu, H. Li, G. Tan, F. Wen, M. T. Flynn, and X. Zhu, “Resource recovery 
microbial fuel cells for urine-containing wastewater treatment without 
external energy consumption,” Chem Eng J, vol. 373, pp. 1072-1080. 

[24] A. Raychaudhuri, and M. Behera, “Comparative evaluation of 
methanogenesis suppression methods in microbail fuel cell during rice mill 
wastewater treatment,” Environ Technol Innov, vol. 17, pp. 100509, 2020. 

[25] D. Cheng, H. H. Ngo, W. Guo, D. Lee, D. L. Nghiem, J. Zhang, S. Liang, S. 
Varjani, and J. Wang, “Performance of microbial fuel cell for treating swine 
wastewater containing sulfonamide antibiotics,” Bioresour Technol, vol. 
311, pp. 123588, 2020. 

[26] B. Ren, T. Wang, and Y. Zhao, “Two-stage hybrid constructed wetland-
microbial fuel cells for swine wastewater treatment and bioenergy 
generation,” Chemosphere, vol. 268, pp. 128803, 2021. 

[27] J. Winfield, I. Gajda, J. Greenman, and I. Ieropoulos, “A review into the use 
of ceramics in microbial fuel cells,” Bioresour Technol, vol. 215, pp. 296-
303, 2016. 

[28] Z. Ge, and Z. He, “Long-term performance of a 200 liter modularized 
microbial fuel cell system treating municipal wastewater: Treatment, 
energy, and cost,” Environ Sci Water Res, vol. 2, pp. 274-281, 2016. 

[29] I. Gajda, O. Obata, M. J. Salar-Garcia, J. Greenman, I. A. Ieropou;os, 
“Long-term bio-power of ceramic microbial fuel cells in individual and 
stacked configurations,” Bioelectrochem, vol. 133, pp. 107459, 2020. 

[30] D. Cheng, H. H. Ngo, W. Guo, S. W. Chang, D. D. Nguyen, Q. A. Nguyen, 
J. Zhang, and S. Liang, “Improving sulfonamide antibiotics removal from 
the swine wastewater by supplying a new pomelo peel derived biochar in an 
anaerobic membrane bioreactor,” Bioresour technol, vol. 319, pp. 124160, 
2021. 

[31] P. Chaijak, M. Lertworapreecha, and C. Sukkasem, “Phenol removal from 
plam oil mill effluent using Galactomyces reessii termite-associated yeast,” 
Pol J Environ Stud, vol. 27, pp. 39-44, 2018. 

[32] X. Yang, M. Li, P. Guo, H. Li, X. Liu, and Q. Zhang, “Isolation, screening 
and characterization of antibiotic-degrading bacteria for penicillin V (PVK) 
from soil on a pig farm,” Int J Environ Res Public Health, vol. 16, pp. 2166, 
2019. 

[33] F. Liu, L. Sun, J. Wan, L. Shen, Y. Yu, L. Hu, and Y. Zhou, “Performance 
of different macrophytes in the decontamination of and electricity 

http://xisdxjxsu.asia/


Journal of Xi’an Shiyou University, Natural Science Edition        ISSN : 1673-064X  

http://xisdxjxsu.asia                 VOLUME 18 ISSUE 8 August 2022   663-669 

generation from swine wastewater via an integrated constructed wetland-
microbial fuel cell process,” J Environ Sci, vol. 89, pp. 252-263, 2020. 

[34] Y. Zhang, Y. Zhao, and M. Zhou, “A photosynthetic algae microbial fuel 
cell for treating swine wastewater,” Environ Sci Pollut Res, vol. 26, pp. 
6182-6190, 2019. 

[35] Y. Goto, and N. Yoshida, “Scaling up microbial fuel cells for treating swine 
wastewater,” Water, vol. 11, pp. 1803, 2019. 

[36] M. Li, M. Zhou, X. Tian, C. Tan, and T. Gu, “Enhanced bioenergy recovery 
and nutrient removal from swine wastewater using an airlift-type 
photosynthetic microbial fuel cell,” Energy, vol. 226, pp. 120422, 2021. 

[37] H. Ni, K. Wang, S. Lv, X. Wang, J. Zhang, L. Zhuo, and F. Li, “Effects of 
modified anodes on the performance and microbial community and 
microbial fuel cells using swine wastewater,” Energies, vol. 13, pp. 3980, 
2020. 

[38] B. L. Phoon, C. C. Ong, M. S. M. Saheed, P. L. Show, J. S. Chang, T. C. 
Ling, S. S. Lam, and J. C. Juan, “Conventional and emerging technologies 
for removal of antibiotics from wastewater,” J Hazard Mater, vol. 400, pp. 
122961, 2020. 

[39] Y. Han, L. Yang, X. Chen, Y. Cai, X. Zhang, M. Qian, X. Chen, H. Zhao, 
M. Sheng, G. Cao, and G. Shen, “Removal of veterinary antibiotics from 
swine wastewater using anaerobic and aerobic biodegradation,” Sci Total 
Environ, vol. 709, pp. 136094, 2020. 

[40] Z. Xu, X. Song, Y. Li, G. Li, and W. Luo, “Removal of antibiotics by 
sequencing-batch membrane bioreactor for swine wastewater treatment,” 
Sci Total Environ, vol. 684, pp. 23-30, 2019. 

[41] A. Dan, X. Zhang, Y. Dai, C. Chen, and Y. Yang, “Occurrence and removal 
of quinolone, tetracycline, and macrolide antibiotics from urban wastewater 
in constructed wetlands,” J Clean Prod, vol. 252, pp. 119677, 2020. 

AUTHORS 

First Author – Pimprapa Chaijak, Thaksin University, Thailand, 

e-mail: chaijak.pimprapa@gmail.com 

 

Correspondence Author – Pimprapa Chaijak, email: 

chaijak.pimprapa@gmail.com, alternate email: 

pimprapa.c@tsu.ac.th, contact number: +6698-060-0381. 

 

http://xisdxjxsu.asia/

