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  Abstract: A biochemical methane potential (BMP) test investigated the effect 
of glycerol waste (GW) concentration on anaerobic co-digestion with canned 
sardine wastewater (CSW). They were studied using the single-stage process at 
mesophilic (P1) and thermophilic (P2) conditions and two-stage mesophilic 
(P3) processes. The P3 process has provided the most significant potential for 
improving biogas production in the sardine canning industry. Using 4% GW 
(v/v), the optimal hydrogen and methane concentrations at P3 are 43.00 ml H2/g 
CODr and 303.69 ml CH4/g CODr, respectively. The P3 process was 11.33 m3 
biohytane/m3 mixed substrate, and the biohytane composition contained 
43.11% CH4, 21.45% H2, and 35.43% CO2. The modified Gompertz model could 
simulate satisfactory hydrogen and methane yields, corresponding to high 
regression coefficients (R2>0.90). Hydrogen-producing bacteria in the H2 batch 
reactor were dominated by Micrococcus sp. and Desulfovibrio sp., while 
Methanosaeta sp., Methanoculleus sp., and Methanosarcina sp. are the major 
methanogens in the CH4 batch reactor. A two-stage process of co-fermenting 
CSW and GW could be a potential option for simultaneous biofuel recovery 
and waste treatment. 

Keywords: Anaerobic co-digestion; Biochemical methane potential (BMP); Canned  
Sardine wastewater; Glycerol waste; Biohytan   

1. Introduction 
Anaerobic digestion (AD) is a biological degradation process that 

converts organic compounds (carbohydrates, proteins, and fats) to produce 
methane and carbon dioxide without oxygen. The AD can be divided into four 
consecutive stages. Firstly, complex organic compounds are hydrolyzed by 
hydrolytic bacteria to form water-soluble simple organic compounds. In the 
second stage, soluble simple organic compounds are converted into organic 
acids, carbon dioxide, hydrogen, and alcohol by acidogenic bacteria 
(acidogens), which is called acidogenesis. The third stage is acetogenesis, in 
which the organic acids produced are broken down into acetic acid, carbon 
dioxide, and hydrogen. Finally, hydrogen and acetic acid are converted into 
methane by metanogenic bacteria (methanogens), which is methanogenesis [1]. 
Biogas is the fermentation into AD from organic waste fermentation [2]. Most 
biogas compositions contain 60-65% of methane, 34-39% of carbon dioxide, and 
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about 1% of other gas, such as nitrogen and hydrogen sulfide [3].  Additionally, the advantage of AD is highly 
removed organic, using less energy and excess sediment than aerobic digestion [4]. Likewise, the quantity and 
quality of biogas depend on the substrate used in the production. If the substrate contains highly toxic 
(ammonia, hydrogen sulfide, sodium, etc.) that affect methane production, the co-digestion strategy can solve 
this problem. The co-digestion process is an option to increase the efficiency of AD; one waste stream is mixed 
with other waste for sharing costs with the treatment advantages of this process can be to dilute the inhibitor, 
improve the balance of nutrients and synergistic effect of microorganisms resulting in a higher yield of 
methane [5]. The biochemical methane potential test (BMP) is the most commonly used method by academic 
and technical professionals to determine the maximal methane production of a given substrate. The BMP test 
can also be used to estimate rate constants of rate-limiting steps (e.g., the hydrolysis rate of high-particulate 
substrates) required for optimal design and operation of anaerobic digesters [6]. 

The canned sardine industry is one of the main industries in Thailand. Most factories are located in 
the coastal areas in southern and eastern Thailand. Canned sardine wastewater (CSW) contained 100-3,000 
mg/l BOD, 1,000-18,000 mg/l COD, and 80-1,000 mg/l nitrogen [4]. CSW is protein-rich wastewater rapidly 
decomposed into ammonia nitrogen during anaerobic digestion. High concentrations of ammonia could 
seriously inhibit the activity of methanogens, resulting in less efficiency in the production of biogas and 
treatment [8]. Generally, total ammonia nitrogen (TAN), i.e., ammonium ion (NH4+); AI+ free ammonia 
nitrogen (NH3); FAN, which is generated from the breakdown of protein-based substrates, is generally known 
as an inhibitor in the AD process [9]. Adjusting the C/N ratio of the substrate by using a co-digestion strategy 
could potentially reduce the concentration of TAN in an anaerobic system. Yenigum and Demirel [9] reported 
that a C: N ratio between  25 – 35 is optimal for the AD process due to low and stable TAN and FAN. However, 
a C: N ratio lower than 15 could lead to a high TAN and FAN level in the AD process. Thus, optimization of 
the C: N ratio resulted in a stable co-digestion process. Due to these limitations, only a small amount of biogas 
is produced from CSW and is not worth investing in an anaerobic treatment system. Thus, the AD system for 
treating the canned sardine industry is unattractive. 

Glycerol waste (GW), a by-product of transesterification for biodiesel production, is generated approx. 
10 kg-GW for every 100 kg of biodiesel produced. GW contains 50-60% of glycerol, 12-16% of alkalis, 15-18% 
of methyl esters, 8-12% of methanol, and 2-3% of water [10]. Pure glycerol is used in many industries, such as 
cosmetics, food, pharmaceuticals, etc. However, the purification process of GW is too expensive. Therefore, 
AD is currently an alternative method to utilize GW, as GW is a cheap and easy-to-implement high-carbon 
source for anaerobic biogas production [11]. Rivero et al. [10] reported that the high C of GW could increase 
the C/N ratio in the mixed substrate, dilute inhibitors of the process through an excess of N, and enhance 
methane production by about 50-200% in the AD process. Thus, GW is an interesting substrate to be used as a 
co-substrate in the co-digestion process to solve the high nitrogen content in the AD system and to increase 
biogas production. Anaerobic co-digestion between animal manure and 3-6% glycerin could produce 570-680 
l CH4/g VS, a threefold enhancement over feeding only waste [12].   

Presently, there are various modes of AD operation, such as one-stage mesophilic AD, one-stage 
thermophilic AD, two-stage mesophilic AD, and two-stage thermophilic AD. Each operating mode has 
different advantages and disadvantages. Mesophilic and thermophilic AD are operated at temperatures 
ranging from 30-40 o C and 45-65 o C, respectively [9]. Yenigum and Demirel [9] suggested that the advantages 
of thermophilic processes compared to mesophilic processes are higher digestion rates, higher methanogenesis 
rates, faster solid-liquid separation, and minimized accumulation of bacterial and viral pathogens. The 
disadvantage of the thermophilic process is that it is operated at high temperatures, causing a higher heating 
cost [13]. For two-stage AD, the first acidogenic stage produces volatile fatty acids (VFAs), hydrogen, and 
carbon dioxide. After that, solubilized effluent from the acidogenic stage is fed into the second (methanogenic 
stage) for methane and carbon dioxide production [14]. The advantages of two-stage AD compared with one-
stage AD are increasing net energy balance, higher organic loading rates, enhancing the specific activity of 
methanogens, increasing methane production rate, and increasing overall COD and VS reduction efficiencies 
[15]. Researchers have generally found that AD systems operating in a two-stage configuration outperform 
conventional single-stage systems regarding methanogenesis and digestion stability [14]. 

The aim of this study is to evaluate the potential of hydrogen and methane production from batch 
anaerobic co-digestion of CSW and GW by using different operating modes (one-stage mesophilic, one-stage 
thermophilic, and two-stage mesophilic process) and using mixed anaerobic microflora at differences of GW 
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concentration. Experimental results are expected to be used for further development of biogas production by 
using the co-digestion strategy for wastewater generated from the canned sardine industry. 

2. Materials and Methods 
2.1 Inoculum, GW, and CSW 

A mixed anaerobic microbiota was collected from a palm oil biogas plant in southern Thailand 
(Southern Palm (1978) Co., Ltd.) and used as an inoculum in this study. The inoculum was adapted with CSW 
to enhance mesophilic and thermophilic inoculum. CSW was mixed with the mixed anaerobic microflora in a 
1:1 ratio, after which the pH of the broth was adjusted to the range of 6.8-7.2 by adding 1N NaOH and 1N HCl. 
The inoculum was then incubated at 37°C and 50°C in mesophilic and thermophilic inoculum incubators. If 
the inoculum exhibits a constant biogas production rate and composition, the acclimated inoculum can be 
further used in the experiment. GW was received from the biodiesel plant at Prince of Songkla University 
(Hat-Yai campus) in southern Thailand. The CSW was collected from Saim International Food Public Co., Ltd 
in southern Thailand. After collection, CSW was stored at 4 °C before use.  

 

2.2 Biochemical methane potential (BMP) 
Experiments were performed in a one-step mesophilic process (P1), a one-step mesophilic process 

(P2), and a two-step mesophilic process (P3) under anaerobic batch co-digestion (Figure 1). All experiments 
were performed under batch conditions using 120 mL glass serum bottles (60 mL working volume). P1, P2, 
and P3 were operated at 37°C, 50°C, and 37°C, respectively. For methanogenesis, 24 ml of inoculum and 36 ml 
of mixed substrate were placed in each glass serum bottle. Mixed substrates (CSW+GW) were tested at 
different GW concentrations ranging from 1% to 5% (v/v) and then adjusted to neutral pH. Nitrogen gas (1.5 
MPa, 1 minute) was passed through the mixed substrate to replace oxygen, and the mixture was sealed with 
a silicone rubber and aluminum cap to create an anaerobic state. For the P3 process, the first stage was 
hydrogen production from the mixed substrate (CSW+GW), and the second stage was methane production 
from wastewater produced in the first stage. For the first hydrogen production, the inoculum was boiled at 
105 °C for 60 min before being used to adjust the pH of the mixed substrate to approximately 5.5. The inoculum 
was not boiled for the second methanogenesis and was used under the same conditions as the P1 process. 
Hydrogen and methane production was measured by water displacement. Gas samples in the headspace of 
all experiments were then analyzed by gas chromatography. All Experiments used distilled water, sucrose, 
and 100%CSW as control experiments for comparison.  

 

 
Figure 1. Research procedure 

2.3 Kinetic of biogas analysis 
In experiments, a modified Gompertz model was used to explain the biogas production from batch 

anaerobic co-digestion between CSW and GW as shown in Eq.(1) [16].       
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max
0

0

.( ) .exp exp ( ) 1R eG t G t
G


   = − − +  

  
      (1) 

 
Where G(t) is the cumulative hydrogen or methane yield (ml CH4/g CODr or ml H2/g CODr G0 is the 

maximum hydrogen or methane yield (ml CH4/g CODr or ml H2/g CODr), Rmax is the maximum hydrogen or 
methane production rate (ml CH4/g CODr-day or ml H2/g CODr-day), e is the exp(1) = 2.7183, λ is the lag 
phase time (day) and t is the cultivation time (day). 

 
2.4 Microoganism community analysis by DGGE 

Sludge from the optimal condition was collected for community analysis using the DGGE technique.  
Polymerase chain reactor gradient gel electrophoresis (PCR-DGGE) was used to study microbial community 
structure in this experiment, the procedure of which was explained by Kongjan et al. [17]. The PCR products 
from the experiment were purified and sequenced by Macrogen Inc. (Seoul, Korea). The closest matches for 
partial16S rRNA gene sequences were identified by database searches in Gene Bank using BLAST [18]. 

 
2.5 Analytical methods 

pH was measured by using a pH meter (Horiba, Japan). Chemical oxygen demand (COD), total solid 
(TS), volatile solid (VS), total nitrogen (TN), protein, carbohydrate, and fat were analyzed following the 
procedures explained in the Standard Method [19]. The volume of biogas was measured by water replacement 
and biogas composition was monitored by gas chromatograph GC-8APT with thermal conductivity detector 
(TCD), Shimazu, Japan [13]. Gas chromatograph GC-8APF analyzed the VFA with a flame ionization detector 
(FID), Shimazu, Japan [13]. 

3. Results and Discussion 
3.1 GW and CSW property 

The main composition of the CSW was: pH 6.8, total chemical oxygen demand (COD) 12.00 g/l, total 
solids 8.5 g/l, volatile solids 6.4 g/l, total nitrogen 1.50 g/l, 3.90 g/l protein, 1.91 g/l carbohydrate, 0.13 g/L fat, 
and C: N ratio 11. The main composition of GW was: pH 8.8, total chemical oxygen demand (COD) 1760 g/l, 
total solids 969 g/l, volatile solids 910 g/l, total nitrogen 1.7 g/l, protein 1.28 g/l, carbohydrate 845 g/l, fat 63.76 
g/l, C: N ratio 949. Table 1 shows the chemical composition of the mixed substrates after co-digestion with GW 
(1–5% (v/v)). After co-digestion, the concentrations of COD and TN increased from 28 to 82 g/l and from 0.887 
to 1.047 g/l. In addition, pH and C: N ratios were improved in the range of 7.28-8.17 and 27-73. 

Table 1. The chemical property of the mixed substrate after co-digested with GW  

Samples pH COD (g/L) TN (g/L) C/N ratio 

CSW+1%GW 7.28 28.00 0.887 27 

CSW+2%GW 7.52 48.00 0.993 43 

CSW+3%GW 7.76 56.00 1.004 51 

CSW+4%GW 8.01 70.00 1.027 63 

CSW+5%GW 8.17 82.00 1.047 73 

 
3.2 Biochemical Methane Potential 

For P1, the maximum cumulative methane production was 293.82 ml, with 73.15% methane in biogas 
during digestion at 1% GW, corresponding to a 244.85 ml CH4/g CODr methane yield. Methane production 
was increased by approximately 8.27 times compared to a single digestion of CSW, producing 35.52 mL of 
methane, corresponding to 62.15% of the methane in biogas. As shown in Figure 2A, adding 2-5% GW to CSW 
increased methane production by 1.94-3.83 fold, increasing GW concentration and potentially significantly 
reducing methane production. Moreover, the COD removal efficiency with co-fermentation at 1% GW for 25 
25-day fermentation period is about 97.29%, which is consistent with the increased methane production. The 
P2 process was carried out under thermophilic conditions (oC). The results showed that adding 2% of GW into 
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CSW could result in the maximum methane production with a methane yield of 255.21 ml CH4/g CODr 
(68.48% of methane in biogas) for 14 days of fermentation, as shown in Figure 2B. The methane production 
increased by about 40.76 fold compared to a  single-digestion of CSW, which gave methane 16.29 ml CH4/g 
CODr (37.28% of methane in biogas). In addition, P2 introduced higher COD concentrations (28-48 g/l) into 
the system than P1, allowing methanogens to adapt to optimal conditions in P2 and resulting in higher levels 
of methane production. So, the efficiency of COD removal was high, about 97.50%, which was similar to P1. 
Furthermore, increasing the concentration of GW higher than 3% (v/v)  could lower methane production but 
still higher than a single-digestion of CSW (3.06-7.81 fold). Finally, the P3 process was separated into 2 reactors 
consisting of the reactor for hydrogen production (1-stage) and methane production (2-stage) and operated at 
mesophilic conditions. P3 could get a high COD compared with P1 and P2 processes. The system can take a 
high organic loading rate (OLR). The optimum condition for P3 was using 4% GW as a co-substrate, leading 
to an initial concentration of 70 g-COD/l. The production of maximum hydrogen and methane was 45.40 ml 
(39.04% of H2) and 634.11 ml (78.48% of CH4), corresponding to hydrogen and methane yields of 43.00 ml H2/g 
CODr and 303.69 ml CH4/g CODr, respectively. (Figure 2C). Rivero et al. [10] reported that hydrogen and 
methane yields of 26 mL H2/g CODr and 290 mL CH4/g CODr can be achieved by anaerobic mesophilic co-
digestion of sewage sludge at 1% (v/v) GW. Hydrogen and methane production was 648.57 and 7.75 fold of 
those from the single-digestion of CSW, which could barely generate hydrogen and methane of 0.07 and 81.87 
ml, respectively. After 45 days of fermentation, the COD removal efficiencies in 1-stage- and 2-stage 
fermentation were 31.43% and 93.33%, respectively. The result showed that using GW as a co-substrate in co-
digesting with CSW could significantly increase the potential of hydrogen and methane production. As a 
result, the maximum hydrogen and methane production was obtained in the P3 process. GW can improve the 
carbon source of CSW and reduce the production of toxic ammoniacal nitrogen, leading to an increase in the 
C: N ratio, as shown in Table 1. Thus, the proper C/N ratio could enhance microorganism adaptation and 
increase hydrogen and methane production. Additionally, adjusting the C/N ratio could effectively reduce the 
inhibition of organic acids [20].  

3.3 Effect of volatile fatty acid (VFA) 
In all experiments, VFAs detected in the P1 process on 7 days of fermentation were acetic acid, 

propionic acid, I-butyric acid, and N-butyric acid. Under P1 optimum conditions, adding 1%GW generated 
total VFAs 801.17 mg/l, containing 91.48 mg/l acetic acid, 619.04 mg/l propionic acid, and 90.65 mg/l N-butyric 
acids (Figure 3A). Adding GW into CSW in a 2-5% range resulted in higher total VFA accumulation in the AD 
system. Although VFAs were the main substrate for producing methane by methanogens, their accumulation 
in the AD system with high concentration could directly inhibit methanogens, consequently causing the final 
pH to decrease (Figure 4). Decreasing pH in the AD system could majorly reduce methanogen activity. GW as 
a co-substrate at the concentration of more than 1% (v/v) in P1 resulted in a significant decrease in final pH. 
(Figure 4A). Using 1%GW as co-substrate, the final pH was 7.78, but the concentration of GW was more than 
1% (v/v), and the pH was decreased to a range of 5.6-6.4.  Generally, at lower pH, VFA is turned into an 
undissociated form. This undissociated VFA becomes more toxic to methanogens due to its ability to free 
cross-membrane cells, leading to dissociated and consequently lower internal pH and, finally, the cause of 
disruption of homeostasis [21]. Normally, the optimal pH range in the AD system for methane generation is 
between 6.00 and 8.00 [3]. Franke-Whittle et al. [22] reported that the accumulation of most situations reflected 
an imbalance between acid producers and consumers, resulting in a pH drop in the system, which could 
inhibit the growth of methanogens. 

For the P2 process, methanogens under thermophilic conditions could take GW up to 2% (v/v) 
concentration for the highest methane production. The total VFAs detected on 5 days was 2,031.14 mg/l, 
consisting of 495.35 mg/l acetic acid, 257.80 mg/l propionic acid, 43.11mg/l I-butyric acid, and 1,234 mg/l N-
butyric acids (Figure 3B). Adding GW higher than 3% (v/v) resulted in higher VFAs accumulation and pH 
decrease (Figure. 4B). The final pH of 7.46 was detected under the AD system with 2% (v/v) GW), while 
Anaerobic co-digesting CSW with GW higher than 2% (v/v) in P2 resulting in pH lower than 6.10. The high 
performance of P2 thermophilic AD compared to P1 mesophilic AD is definitely due to the advantages of 
operating under thermophilic conditions. 
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Figure 2. Hydrogen and methane production profile; (A) P1 process, (B) P2 process and (C) P3 process 
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Figure 3. Volatile fatty acid profile; (A) P1 process, (B) P2 process and (C) P3 process 

 
For the P3 two-stage AD process, the increase in the concentration of VFAs followed the increase in 

the concentration of COD by adding the GW ranging from 1-5% (v/v). In the first fermentation stage with 4% 
of GW co-digested with CSW having the maximum hydrogen production yield of 43.00 ml-H2/g-CODr, the 
main composition of VFA at 3 days was contained 5,420.53 mg/l N-butyric acid, 2,360.54 mg/l acetic acid and 
1,990.05 mg/l propionic acid (Figure 3C). Using the GW as a co-substrate in anaerobic co-digestion for 
hydrogen production was suitable since hydrogen was generated along with only the formation of N-butyric 
acid and acetic acid. Other metabolites generated could reduce hydrogen production. Furthermore, the 
formation of propionic acid could cause a severe reduction in biohydrogen production because propionic acid 
formation consumes hydrogen previously produced [1]. Sreethawong et al. [23] reported that propionic acid 
formation should be avoided to improve biohydrogen production. Additionally, the final pH in all co-
digestions had pH values ranging from 5.20-5.90 (Figure 4(C)), which corresponded to the experiment of Lue 
et al. [24] reporting hydrogen production decreased with an increase in pH of more than 6. The effluent from 
the 1-stage was subsequently digested in the second stage process for methane production. The total VFA at 
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5 days of fermentation with 4% of GW was 14,756.93 mg/l, which contained 5,779.65 mg/l acetic acid, 6,061.11 
mg/l propionic acids, 92.39 mg/l I-butyric acid and 2,823.85 mg/l N-butyric acid (Figure 3C, 5C). The VFA in 
P3 was generated in a higher concentration than in the P1 and P2 processes; however, the VFA accumulation 
in the P3 process was lower, corresponding to the final neutral pH (7.60-7.80) in all experiments. This is due 
to the system having good buffering capacity indicating a balance between acid producers and consumers 
(Figure 4C). Thus, methanogens in the second stage of P3 could adapt well to hydrogen effluent mainly 
containing VFA to produce methane higher than P1 and P2. Therefore, high VFA concentration (acetic, 
propionic, and butyric acid) is not problematic for producing methane for the P3 process. 

 
Figure 4. pH profile; (A) P1 process, (B) P2 process and (C) P3 process  
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Figure 5.  Comparison of the volatile profile under the optimal condition by co-digestion of CSW and GW at 

different operating processes; (A) P1 process (CSW+1%GW), (B) P2 process (CSW+2%GW), and 
(C) P3 process (CSW+4%GW) 

 
3.4 Kinetic analysis under the optimal condition 

Among three different process configurations, P3 is the best, having the maximum concentration of 
COD (70 g/l), resulting in maximum methane production. In the optimal condition of 3 processes, the methane 
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yield of P3 (CSW+4%GW) is 1.19 and 1.24 fold of P2 (CSW+2%GW) and P1 (CSW+1%GW), respectively. The 
maximum VFA was generated from 3 to 5 days in all processes during the methane production and on 3 days 
for fermentation to produce hydrogen. VFA generated is afterward used by methanogenic microorganisms to 
produce methane, resulting in continued VFA reduction in the systems, as shown in Figure 5. For P3, total 
VFA existing in the first stage was 3,794.21 mg/l consisting of 1,058.55 mg/l acetic acid, 750 mg/l propionic 
acid, and 1,985.66 mg/l N-butyric acids at 5 days of fermentation, while the second stage had total VFA 960.04 
mg/l, containing 543.42 mg/l acetic acid, 360.51 mg/l propionic acid and 51.10 mg/l N-butyric acid at the end 
of batch operation day 45 as shown in Figure  5C. Additionally, single-digestion of CSW and co-digestion with 
GW could prove a synergistic effect is generated by adding GW for co-digestion to produce biogas in all 
processes. P3 could produce maximum methane production. The total energy yield from the P3 process was 
11.33 m3 biohytanes/m3 mixed substrate. The biohytane composition in this study contained 43.11% CH4, 
21.45% H2, and 35.43% CO2. Mamin et al. [15] and Khongkliang et al. [25] reported that the composition of 
biohythane (hydrogen and methane) obtained from two-stage anaerobic digestion of palm oil mill effluent 
(POME) and starch processing effluent is 51% CH4, 14% H2, 35% CO2, CH4 is reported to be 55%, 10% H2, and 
35% CO2. This is very similar to his H2 composition results from this study, indicating that it is significantly 
lower. As a result, GW could increase the potential in hydrogen and methane production from CSW by using 
the P3 process. The result indicates that 2-stage anaerobic co-digestion with GW under mesophilic condition 
(P3) could enable it to operate under high VFA levels compared to the thermophilic condition, which has a 
higher cost in operation. So, P3 is one of the attractive choices for increasing the potential to produce hydrogen 
and methane in the canned sardine industry. Furthermore, the initial temperature of CSW is in the mid-
temperature range, so operation in thermophilic conditions is not suitable for CSW. 

For kinetic analysis, a modified Gompertz model was used to explain the biogas production. The 
parameters from the optimum process are summarized and compared with experimental and simulation 
results using the modified Gompertz model. The parameters from the optimum process are outlined in Table 
2. Experimental and simulation results of the modified Gompertz model are shown in Figure 6. For the P3 
process, the lag phase time (λ) is 3 days, lower than the 6.65 days of P1. The λ value in P3 is lower than P1, 
indicating the methanogen could adapt in the 2-stage AD process faster than that in the one-stage AD process 
under mesophilic conditions, resulting in a maximum methane yield (G0) was high (303.40 ml CH4/g CODr), 
compared to P1(244.85). Additionally, the modified Gompertz model parameter for hydrogen production in 
P3 was 1.33 days of λ value and 42.83 ml H2/g CODr of G0 value. In all cases, the maximum production rate 
(Rmax) is 21.65, 30.58, and 5.80 ml CH4/g CODr-day for P1, P2, and P3, respectively. Although the Rmax of P3 is 
significantly lower, the difference in COD loading and Rmax could not be compared. However, although the 
P2 process has the smallest λ value (2.55 days), the advantage of P3 is that it could get COD loading higher, 
generate H2 gas, and have less cost for heating compared to the P2 process. Thus, biogas production co-
digested with GW and CSW under P3 mesophilic AD process is more interesting than P1 and P2 in improving 
biogas production potential from wastewater from the canned sardine industry. The coefficient of 
determination (R2 ) was higher for the modified Gompertz model during 0.918-0.984 for methane production 
and 0.976 for hydrogen production, indicating that the modified Gompertz model could simulate satisfactorily 
for P1, P2, and P3 processes. Figure 7 shows the DGGE profiles of sludge from the 1-stage and 2-stage of the 
P3 process. The bacteria community structure in the first-stage reactor (H2) is dominated by Micrococcus sp. 
and Desulfovibrio sp. (Figure 7A). Meanwhile, the archaea community in the 2-stage reactor (CH4) is dominated 
by Methanosaeta sp., Methanoculleus sp., and Methanosarcina sp., as shown in Figure 7B. 
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Table 2. The modified Gompertz model parameter values at various process  

Process 

modified Gompertz model parameter (H2) modified Gompertz model parameter (CH4) 

G0 
(ml H2/g 
CODr) 

Rmax 
(ml H2/g CODr-

day) 

λ 
(day) 

R2 

G0 
(ml 

CH4/g 
CODr) 

Rmax 
(ml CH4/g CODr-

day) 

λ 
(day) 

R2 

P1 - - - - 244.85 21.65 6.65 0.957 

P2 - - - - 255.21 30.58 2.55 0.984 

P3 42.83 1.25 1.33 0.976 303.40 5.80 3.00 0.918 
 

 
Figure 6.  Comparison of the Cumulative methane and hydrogen yield between experimental data and 

simulation by modified Gompertz model 
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Figure 7.  DGGE profiles of 16S rRNA gene fragments for sludge samples from the P3 process of CSW+4%GW, 
(A) 1- 1-stage fermentation and (B) 2-stage fermentation  

4. Conclusions 
The results show that two-stage anaerobic co-digestion (P3) with GW under mesophilic conditions 

can increase hydrogen and methane production by 648.57-fold and 7.75-fold, respectively, compared to CSW-
only digestion. The optimal concentration of GW using co-substrate in the P3 process was 4%(v/v). The P3 can 
handle higher COD concentrations than processes P1 and P2, resulting in a higher organic loading rate (OLR) 
in the continuous system. So, the P3 process is one of the interesting choices for increasing the potential of 
hydrogen and methane production from canned sardine wastewater. 
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Abstract:  The Bio-Circular-Green (BCG)  economy framework, which integrates 
economic, social, and environmental aspects for waste management, holds great 
promise for fostering growth across various sectors in Thailand.  Venipuncture, 
a critical medical procedure, can lead to complications if not performed 
correctly.  This study uses Thailand para latex resources and calcium carbonate 
extracted from recycled mollusk shells to develop an educational innovation 
model for venipuncture procedures.  Natural rubber latex (NRL)  was obtained 
from Chiang Rai, Thailand.  Preserved latex was heated to obtain 60% 
concentrated latex, then combined with a sulfur solution, and calcium carbonate 
powder was added in various ratios. Molding used a specialized mold 
replicating anatomical features of the antecubital fossa, incorporating three 
prominent veins. The venipuncture practice rubber model was characterized for 
pH, moisture content, water absorption, tensile strength, and other properties. 
The model exhibited neutral pH, low moisture content, and notable resistance 
and elasticity. This study promotes the sustainable utilization of natural latex 
resources and recycled mollusk shells in developing innovative medical models 
within the BCG framework. Additional research is required to enhance the 
human friendliness and realism of the rubber material used in the venipuncture 
practice model. 

Keywords: Latex; Mollusk shells; Para rubber; Practice model; Venipuncture. 

1. Introduction 
A Bio- Circular- Green ( BCG)  economy is a holistic framework that 

integrates the economic, social, and environmental aspects of production and 
consumption to implement a waste management system involving self-
sustaining cycle strategies ( reduction, reuse, and recycling) .  The BCG model is 
particularly relevant for Thailand as it promotes efficient utilization of natural 
resources by focusing on five developing sectors:  food, healthcare, sustainable 
energy, tourism, and the creative economy [ 1] .  The development of medical 
technologies and procedures continues to improve patient care, management, 
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and healthcare outcomes [2]. Venipuncture is an invasive technique by healthcare professionals that involves 
either drug administration or extracting blood from a patient [3] .  Poor practices of venipuncture lead to a 
higher risk of complications, including infection [4] , nerve injury [5] , and the formation of hematomas [6] . 
Among these complications, hematoma formation is the most commonly observed issue [6]. Previous studies 
have been conducted to develop a rubber arm with a fluid system for venipuncture training, aiming to enhance 
the effectiveness of blood drawing for medical science and nursing students.  This innovation can assist 
students in performing the procedure with confidence by providing a better understanding of the steps 
involved [7, 8] .  The results showed that 72.62% of students appreciated learning the procedure using an 
artificial arm before performing blood collection from patients [ 7] .  Synthetic polymers for venipuncture 
practice offer precise structures and customizable properties. However, they can be costly and potentially 
skin-irritating due to chemical release. Conversely, natural polymers like natural rubber exhibit enhanced 
biocompatibility. These materials have gained value for artificial blood vessels and muscles due to their 
beneficial properties when engineered correctly. Therefore, this study utilizes Thailand's para- rubber 
resources and recycled mollusk shells to develop an innovative educational model for venipuncture 
procedures.  Additionally, we aim to explore the characterization of the para- rubber model and design an 
initial prototype of a venipuncture model to enhance comprehensive medical education techniques. 

2. Materials and Methods 
2.1 Materials 
 The natural rubber latex (NRL)  was obtained from Chiang Rai, Thailand.  Commercial-grade sulfur, 
sodium hydroxide, zinc oxide, and methyl paraben were purchased from World Chemical Far East Co. , Ltd. , 
Chiang Mai, Thailand.  Calcium carbonate was acquired from mollusk shells.  The composition includes latex 
as the primary component, sulfur as the vulcanizing agent, ZnO as an accelerator, and NaOH and paraben as 
additives. Additionally, CaCO3 functions as a reinforcing agent. 

2.2 Preparation of calcium carbonate from mollusk shells 
 The fresh mollusk shells were washed with water and soaked in a 50% concentrated H2O2 solution for 
5 days. The shells obtained were then washed, followed by a 10-day soak in a 20% w/v sodium hydroxide 
solution. Subsequently, the soaked shells were rinsed with water until they reached a near-neutral pH and 
dried at 120°C for 16 hours. Afterward, the dried shells were ground using a ball mill for 14 hours and filtered 
through a 150-mesh sieve to separate coarse and fine powder. The resulting coarse powder underwent 
multiple cycles of soaking in NaOH solution, drying, and grinding for refinement. 

2.3 Preparation of the para rubber 
 Preserved latex was heated to 85°C for 3 hours to obtain 60% concentrated latex.  A 2% w/ v sulfur 
solution was prepared using a 1:1:1 ratio of sulfur, sodium hydroxide, and distilled water and heated at 90°C 
for 50 minutes. This solution was mixed with the concentrated latex and stirred at 80°C for 30 minutes. Calcium 
carbonate powder from mollusk shells, particle sizes of 50 to 100 microns, was dispersed in the rubber solution 
in ratios of 80:20, 70:30, and 60:40. The resulting suspension was stirred at 80°C for 40 minutes. Zinc oxide and 
methylparaben were added at a concentration of 2 wt% each. After neutralization, the mixture was well mixed 
at 70°C for 20 minutes.  After being placed into molds, the mixes were dried at 70°C for 48 hours and then 
vulcanized at 140°C for 2 hours after removal from the mold.  Subsequently, the rubber model underwent 
characterization, determination, and the construction of prototypes before the trial phase.  A diagram of 
methods is represented in Figure 1. 

2.4 Molding and shaping of the venipuncture practice rubber model. 
 The venipuncture practice rubber model's molding and shaping process involved using a carefully 
designed mold that replicated the anatomical features of the antecubital fossa, situated on the anterior aspect 
of the elbow, complete with veins and skin texture. Three prominent veins were inserted on the model within 
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this area:  the cephalic, median cubital, and basilic veins [3] .  During the next step, the rubber compound was 
poured into the mold, followed by subjecting the mold to a controlled curing process.  This curing process 
facilitated the solidification of the rubber compound into the intended shape, resulting in a highly realistic and 
anatomically accurate representation suitable for venipuncture training (Figure 1). 

 
Figure 1. Diagram of developing and characterization of the venipuncture practice rubber model. 

2.5 Characterization of the venipuncture practice rubber model  
 2.5.1 pH analysis 
 The pH values of the samples were determined using a waterproof pH spear tester (Oakton pH Spear 
Waterproof Pocket Tester EW-35634-40-Pro, Singapore) .  The measured ranges ranged from -1 to 15, with a 
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resolution of 0.01, and the accuracy was within ± 0.01.  Each sample was measured five times, and data were 
collected to calculate the average values. 
 2.5.2 Determination of moisture contents  
 The moisture content was determined using a moisture analyzer (PMB 53, ADAM, Singapore) .  The 
samples, weighing approximately 1 to 2 g with a resolution of 0.01% and sensitivity of 0.1 mg, were placed on 
the moisture analyzer and subjected to temperatures of 0-50°C for 4 minutes.  Each sample was tested five 
times, and data was collected to calculate the average values. 
 2.5.3 Measurement of water adsorption 
  The samples were all precisely weighed (W1)  and immersed in distilled water for 24 hours at room 
temperature.  The swollen samples were removed, and the excess water was taken off the surface.  Then, the 
swollen samples were reweighed (W2). The percent water adsorption of the samples was calculated using the 
following equations: 
 

Water adsorption (%) = (W2-W1)/W1×100 
 

 2.5.4 Testing of tensile strength, elongation (%), and Young modulus (Pa)   
 The Universal Material Testing Machine ( Instron 5569, US)  and ASTM D638M-93 were used to test 
tensile strength, elongation (%), and Young modulus (Pa) with a 60N load cell. The sample size was 110 × 20 
mm. The crosshead speed was set to 5 mm/min. Each sample was tested at least five times in parallel. 
 2.5.5 Determination of dry rubber content (%)  
 The dry rubber content of rubber latex was measured following the standard method of ISO 126:2005. 

2.6 Assessment of the retention capacity of the rubber pad of the venipuncture practice rubber model 
 The rubber model was then cut into uniform square shapes .  Before commencing the experiment 
( pre- incubation) , the weight and volume of each rubber pad were measured with three repetitions for 
accuracy. Subsequently, the rubber pads were incubated at different temperatures: ambient room temperature 
(25°C), 40°C, 60°C, 80°C, 121°C, 4°C, -20°C, -80°C, room temperature water, and boiled water. Each point was 
incubated for one hour (incubation), and the weight and volume of each rubber pad were measured with three 
repetitions. Following the temperature incubation phase, the rubber samples were allowed to stabilize at room 
temperature for one hour (post-incubation), after which their weight and volume were measured, again in triplicate.  

3. Results and Discussion 
3.1 Characterization of the venipuncture practice rubber model 

The physiochemical and mechanical properties of the venipuncture practice rubber model are shown 
in Table 1.  The pH values of the venipuncture practice rubber model were 7.92 ± 0.15.  The pH value was 
neutral and did not cause skin irritation while being used. The percentage of moisture content value was 0.14 
± 0.05% , indicating that there would be only minimal bacterial growth.  The recorded water absorption was 
9.12 ± 0.02%, owing to the formation of pores during the preparation of the rubber compound. After the drying 
procedure, the sample underwent a controlled evaporation process that led to the residual presence of porous 
regions, thereby giving rise to the occurrence of closed or open pores. Calcium carbonate was added to increase 
the hardness and tensile strength of the venipuncture practice rubber model ( 2. 54 ± 0. 054 MPa) .  The 
elongation, Young modulus, and dry rubber content values were 669.5 ± 1.94% , 1.51 ± 0.35 Pa, and 36.37% , 
respectively. Sulfur increased the hardness of the rubber, and zinc oxide was the catalyst for the cross-linking 
reaction.  These chemical combinations helped the rubber to have less stretch and higher resistance to tensile 
strength. It confirmed that the dry rubber content of the sample met the quality criteria of field latex. According 
to a previous study, natural latex had remarkable mechanical characteristics because of its distinctive 
hierarchical structures, including strong tensile and tear strength, high cracking growth resistance, good 
elasticity, and low heat buildup.  Natural rubber latex particles have a core- shell structure consisting of a 
polyisoprene hydrophobic core encircled by either a layer of mixed proteins and phospholipids or a layer of 
lipid monolayers below a protein monolayer [ 9] .  Our results indicated that para rubber is suitable for 
developing rubber materials used in venipuncture practice. 
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Table 1. Characterization of the venipuncture practice rubber model.  

Physiochemical and mechanical properties Venipuncture practice Rubber 

pH 7.92 ± 0.15 
Moisture content (%) 0.14 ± 0.05 
Water adsorption (%) 9.12 ± 0.02 
Tensile strength (MPa) 2.54 ± 0.054 
Elongation (%) 669.5 ± 1.94 
Young modulus (Pa) 1.51 ± 0.35 
Dry rubber content (%) 36.37 

 

After molding and shaping the venipuncture practice rubber model, the artificial blood was poured 
into the tubes embedded in the model.  We successfully drew artificial blood from the venipuncture practice 
rubber model in the conducted trials phase.  However, it should be noted that this study was a preliminary 
investigation of the characteristics of the rubber model.  The study of qualification and satisfaction surveys to 
align with human friendliness, realism, and a lifelike blood collection simulation mimicking practical human 
situations should be investigated in further study. 

 
3.2 The retention capacity of the rubber pad of the venipuncture practice rubber model 

The gross appearance of the rubber pad did not change after incubation in different temperature 
environments (Figures 2 and 3). However, the venipuncture pad changed to a pale color and became bloated 
when exposed to a temperature of 121°C and immersed in boiled water (Figures 2 and 3) .   The weight and 
volume of the rubber pad remained unchanged across the various incubation time points (pre- incubation, 
incubation, and post- incubation)  under different temperature exposures, except for incubation of rubber in 
boiled water (> 200 °C)  ( Figures 4A and 4B) .  The rubber pad displayed a notable retention capacity and 
returned to its original state after exposure to various temperatures.  As seen in previous studies, the 
hyperelastic mechanical response and deformation of rubber were influenced by temperature [ 10, 11] .  In 
Thailand, rubber models used for medical and health studies were frequently employed in challenging 
environments with varying temperatures.  Fluctuations in temperature due to seasonal changes can lead to 
significant changes and deformity of the mechanical characteristics of rubber, especially in the summer. 
Consequently, the effects of temperature on the mechanical properties of the rubber model should be a 
significant point of concern in developing the rubber model. Understanding how weight and volume change 
with temperature variations would help refine the model's design and manufacturing, ensuring optimal 
performance and quality during use. A limitation of our study was the lack of a scanning electron microscope 
to further examine the mechanical properties and fracture mechanism of rubber pads under different 
temperature exposures. 

 
Figure 2. Testing the retention capacity of the rubber pad at various temperatures: 25°C, 40 °C, 60 °C, 80 °C, 

121 °C, before and after incubation for 1 hour. 
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Figure 3. Testing the retention capacity of the rubber pad at various temperatures: 4 °C, -20 °C, -80 °C, after 

 immersion in room temperature water, in boiled water, before and after incubation for 1 hour.

 
Figure 4. The graph of weight and volume changes of the rubber pad at various temperatures (A and B). Pre-

incubation means the initiation time point that measures the weight and volume of the rubber pad. 
Incubation means the time after incubating the rubber pad at various temperatures for 1 hour (hr.) . 
The rubber pad was then measured to establish its weight and volume.  Post- incubation means the 
time after incubation, leaving the rubber pad at room temperature for 1 hour (hr.) and immediately 
measuring its weight and volume—RT; room temperature. 

4. Conclusions 
 In conclusion, the venipuncture practice rubber model was characterized by favorable physiochemical 
and mechanical properties. The model exhibited neutral pH, low moisture content, and notable resistance and 
elasticity. The model's retention capacity was evident, maintaining its weight and volume across varying temperatures, 
except for exposure to extreme conditions.  Our research suggested that para rubber can create materials 
specifically for venipuncture procedures. However, this study needs further improvement to enhance human friendliness 
and realism, aligning the model more closely with lifelike blood collection simulations in practical scenarios. 
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Abstract: Concentrated latex is an intermediate rubber product in Thailand.  
It is an important industry that generates income for the country and  
Its southern region. The main products of the latex factory were concentrated 
latex and skim blocks. The industrial waste from the concentrated latex factory 
is called latex sediment. It appears to be a white mixed light-yellow sludge or a 
dark brown color, contains magnesium compounds, and phosphorus is an 
important element. Therefore, finding appropriate measures for rubber 
production and environmentally friendly industrial waste management is 
important. Therefore, this study investigates the pyrolysis of latex sediment as 
an alternative to industrial waste management. Pyrolysis of 100 g of latex 
sediment was performed at 300 °C, 500 °C, and 700 °C. From the experiment, it 
was found that the properties of the liquid product from the pyrolysis process 
at 500 °C were alkaline, with a pH of 9.45. However, acetic acid was the highest 
amount of organic substance in the liquid product. Substances in the amine and 
amide groups were also observed, a base result for the liquid product exhibiting 
an alkaline value. The pH is an important factor in the decomposition of organic 
substances under anaerobic conditions. Therefore, a 1 wt% liquid product was 
used in a volume of 13.5 mL, which is the most appropriate amount because it 
uses the least amount of liquid product to adjust the alkalinity of the skim latex 
serum before entering the anaerobic fermentation system. Pyrolysis is an 
environmentally friendly option for managing factory latex sediments for 
sustainable production and creating a good image for the organization. 

Keywords: Pyrolysis; Latex Sediment; Concentrated latex; Skim latex serum 

1. Introduction 
Thai rubber products will expand from 2021 to 2023 in line with the 

related industries likely to grow. In addition, exports of concentrated latex still 
have the opportunity to grow as demand from The world market expands. 
Concentrated latex is an intermediate rubber product in Thailand. This 
important industry generates income for the country and southern region [1]. 
Since 2003, Thailand has been the world’s largest producer of natural rubber. In 
2011, Thailand produced latex for the first time. Approximately 3.4 million tons 
of fresh latex is tapped and collected for processing into primary rubber 
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products such as concentrated latex, skim block rubber, and smoked rubber sheets. The primary rubber 
products are then processed into final rubber products such as condoms and gloves. The concentrated latex 
produced in Thailand is mostly exported to European countries, such as China, India, and Malaysia [2]. 
Concentrated latex is an intermediate rubber product in Thailand. The main products from the concentrated 
latex factory were concentrated latex and skim block rubber. Two types of waste are generated from the 
production processes of such rubber products. 

1) Wastewater generated from the production of concentrated latex and skim blocks. The wastewater 
from both production processes is treated and collected into the wastewater treatment systems of all factories. 
During the anaerobic decomposition treatment process, biogas was produced, which needed to be disposed 
of by combustion at the flare system. It cannot be utilized as biofuel gas due to the low production rate of 
biogas and the high concentration of H2S (20,000-50,000 ppm). Installing a biogas quality improvement system 
to eliminate H2S is not cost-effective. 

2) Waste from the production process of a factory is called latex sediment, which appears to be white, 
light-yellow, or dark brown sediment containing magnesium and phosphorus compounds as important 
elements. This is caused by adding chemicals to field latex in making latex concentrate, causing the magnesium 
ions in the latex to precipitate at the bottom of the tank. There are also organic and inorganic impurities, such 
as rubber, flour, dust, fat, protein, nitrogen compounds, and metal ions. The rate of latex sediment generation 
per ton of concentrated latex produced was calculated as a proportion of 0.6-50.0 kg latex sediment per ton of 
concentrated latex. Latex sediment is classified as a non-hazardous waste. It can be utilized directly as a raw 
material for improving soil or as latex sediment as a source of magnesium for plant growth [3]. The research 
study of [4] found that this latex sediment contains nitrogen, phosphorus, and potassium, which can be used as 
liquid and granular fertilizers. Alternatively, producing other materials for various uses could be further improved.  

Since natural rubber and concentrated latex are majorly exported products of Thailand, information 
on sustainable production is necessary. Therefore, it is challenging for Thai rubber entrepreneurs to find 
appropriate measures to produce environmentally friendly rubber in many respects, including water 
pollution, odor problems, and industrial waste [2]. Latex sediment, an industrial waste, can be used for soil 
improvement. However, utilization of this latex sediment is not yet widespread. Therefore, the latex sediment 
generated by the company was granted permission to remain in the factory area while waiting to be 
transported to the fertilizer producers. As the production capacity of concentrated latex is likely to increase, 
the amount of latex sediment accumulates increasingly in the company's area. Therefore, improper 
management of latex sediment may cause increased pollution due to various microbial groups' biodegradation 
of organic substances in latex sediment. Waste management for maximum benefit and environmental 
friendliness is necessary for the concentrated latex industry to achieve sustainable production. 

This study aimed to investigate the pyrolysis of latex sediment from concentrated latex industries and 
studied the alkalinity adjustment of skim latex serum from the skim block production process with liquid 
products from the pyrolysis process. 

 

2. Materials and Methods 
2.1 Material preparation 

Latex sediment was collected from a concentrated latex industry in Songkhla Province, Thailand.  
The samples were pre-treated by drying at 105 °C for 24 h. [5] All chemicals in this work were of analytical 
grade and used without further purification. 

 
2.2 Pyrolysis method  

The equipment was set up according to the schematic diagram of the pyrolysis system shown in 
Figure 1. Initially, 100 g of the pre-treated sample was placed in a furnace tube and then heated for 1 h at 
300 °C, 500 °C, and 700 °C. The system was operated at a heating rate of 20 °C/min, nitrogen gas flow of  
1 L/min, as shown in Table 1, and a controlled cooling bath at 4 °C cooling temperature. The condensed 
pyrolysis liquid was collected using a glass liquid collector equipped with a condenser. 
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Figure 1. Schematic diagram of the pyrolysis system. 

Table 1. Condition of pyrolysis process. 

 

Conditions  

Temperature (°C) 
 
 

300 
 
 

500 
 
 

700 
Initial sample (g) 100 100 100 

Reaction time (hr.) 1 1 1 

Heat rate (°C /min) 20 20 20 

Flow rate (L/min) 1 1 1 
 

2.3 Characterization method 
The composition of the latex sediment before pretreatment was analyzed for moisture, total solids, 

volatile solids, and ash content, as shown in Table 2. 

Table 2. Latex sediment composition analysis. 

Parameter Analytical methods/Equipment 
Moisture ASTM Standard D 3173-11 
Total Solid (TS) APHA, AWWA and WEF (1998) 
Volatile Solid (VS) APHA, AWWA and WEF (1998) 
Ash Content ASTM Standard D 3174-12 

The pyrolytic liquid product was analyzed for pH, chemical oxygen demand (COD), and chemical 
compounds, as shown in Table 3. This work analyzed the chemical compounds using a gas chromatograph-
mass spectrometer (7890B ) and a mass spectrometer (5977AMSD), Agilent, USA. 

Table 3. The pyrolytic liquid product analysis. 

Parameter Analytical methods/Equipment 
COD (g/l) ASTM Standard D 7544-12 
pH 
Chemical compound 

ASTM Standard D 7544-12 
ASTM Standard D 3173 

2.4 The pyrolytic liquid product application 
The pyrolytic liquid product was used to adjust the pH of skim latex serum before entering the 

wastewater treatment system, as shown in Table 4. The experiment began with pyrolytic liquid product 
samples were prepared by diluting with distilled water at concentrations of 1%, 3%, and 5%, and then used as 
a titrant in skim latex serum titration to determine the appropriate amount of liquid product for pH 
adjustment. Skim latex serum samples were prepared by adding sulfuric acid to 1000 g of skim latex to 
coagulate rubber. The rubber was then separated from skim latex serum. 



ASEAN J. Sci. Tech. Report. 2024, 27(2), 21-28.24ASEAN J. Sci. Tech. Report. 2024, 27(2), 21-28. 4 of 8 
 

 

Table 4. Experiment on skim latex serum pH adjustment. 

Pyrolytic product Vol. of skim latex serum (mL) pH final 
1% Liquid product 100 6.8 
3% Liquid product 100 6.8 
5% Liquid product 100 6.8 

3. Results and Discussion 
3.1 Composition of latex sediment 

Sample of latex sediment from a concentrated latex factory in Songkhla Province. The two points 
where latex sediment was collected are the sludge sump pit and latex sediment collection area. The sludge 
sump pit collects latex sediment from the fresh latex receiving process and concentrated latex production 
department. The latex sediment was a white light-yellow solid. There is high moisture because the washing 
water from the production process flows into the pond at all times, as shown in Figure 2. The latex sediment 
was generated by adding ammonia to the latex field. This causes Mg to precipitate after leaving the latex 
overnight. The other part is from the centrifuge or disc centrifuge used to produce concentrated latex. The 
latex sediment collection area is wide open, with gutters around the storage area to accommodate latex 
sediment leachate and a pump system to transfer leachate into the factory wastewater treatment system. The 
latex sediment has less moisture because it is exposed to the sun, as shown in Figure 3. 

 
  
 
 
 
 
 
 

Figure 2. Latex sediment from the sludge sump pit. 

 
 
 
 
 
 
 
 

Figure 3. Latex sediment from latex sediment collecting area  

Table 5. Compositions of latex sediment. 

Parameter 
Value 

Sludge sump pit Latex sediment collecting area 

Moisture content (%w/w) 67.07 ± 3.78 62.78 ± 0.57 
Total solid TS (%w/w) 38.20 ± 0.26 36.82 ± 0.14 

Volatile solid VS (%w/w) 14.08 ± 0.14 14.40 ± 0.05 

Ash (%w/w) 24.11 ± 0.18 22.42 ± 0.01 
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From Table 5, latex sediment from the concentrated latex production plant in January 2022 in the 
sludge sump pit had moisture, total solids, volatile solids, and ash content of the latex sediment equal to  
67.07 (%w/w ), 38.20 (%w/w), 14.08 (%w/w) and 24.11 (%w/w), respectively. Simultaneously, the latex 
sediment collecting area had moisture, total solids, volatile solids, and ash content of the latex sediment equal 
to 62.78 (%w/w), 36.84 (%w/w), 14.40 (%w/w) and 22.42 (%w/w), respectively. The experiment was able to 
criticize that latex sediment contained the least amount of volatile solids; therefore, the products obtained from 
pyrolysis had a low chance of being liquid and obtained the most solid product owing to the presence of 
inorganic substances as the main components in the latex sediment. At the latex sediment sampling site, the 
humidity of the latex sediment was higher in the sludge sump pit than in the latex sediment collecting area. 
Therefore, latex sediment in the latex sediment collection area is more appropriate for factory pyrolysis than 
latex sediment from the latex sediment storage tank. 

3.2 Product yield 
The pyrolysis experiments were conducted at different temperatures (300, 500, and 700 °C) for 1 h 

with a nitrogen gas flow rate of 1 L/min and a heating rate of 20 °C/min. The products have three phases: solid, 
liquid, and gas. The three product phases yielded unequal proportions at different temperatures. The products 
obtained by pyrolysis at various temperatures are listed in Table 6. Pyrolysis at 300 °C yielded the most solid 
product and the lowest amount of liquid products, 71 wt% and 19 wt%, respectively. Most of the gas obtained 
was nitrogen from the pyrolysis process. Pyrolysis at 500 °C showed that the highest amount of liquid product 
was 33 wt%, followed by 25 wt% at 700 °C. The liquid product obtained from pyrolysis was the main product 
required for this research. Therefore, the study of the conditions used in pyrolysis The most liquid product 
was sludge pyrolysis at 500 °C for 1 h. 

Table 6. Product yield of pyrolysis of latex sediment at difference temperatures. 

Temperature °C 
Sample 

(g) 

Product yields (wt%) 

Solid product Liquid product Syngas 

300 100.29 ± 0.08 71.39 ± 1.05 19.05 ± 0.34 9.85 ± 0.84 

500 100.39 ± 0.14 56.58 ± 0.48 32.86 ± 0.74 10.95 ± 0.66 

700 100.99 ± 0.07 47.94 ± 0.53 25.39 ± 0.65 27.66 ± 1.21 

3.3 Properties of the pyrolytic liquid product  
The liquid from the pyrolysis at 5 0 0  °C was a dark brown solution with a pungent odor. There were 

two layers: an aqueous phase and an organic phase. Some properties are shown in Table 7 and Figure 4.  The 
pH value in this study was 9 .4 5 .  This contradicts the research of [6] and [7], in which liquid products were 
acidic with pH equal to 4.50 and 2.40, respectively, possibly due to different starting materials. Consequently, 
the chemical compositions of the products were different. From Table 8, It was found that the highest organic 
substance in the liquid product was acetic acid, but substances in the amine and amide groups were also 
found, with the property of being a base. As a result, the liquid part of the product has high pH. 

From the analysis of the COD value of the product, it was found that the COD value obtained was 
26.75 g/L, which is similar to the research of [5], who studied various properties and compared the volume of 
methane accumulated from the decomposition process between wastewater and pyrolysis liquid from sludge 
pyrolysis at temperatures of 250, 350, 450, and 550 °C at the ratio (S/I) 30%:70% (by volume) from the 
mesophilic group. It was found that the highest volume of methane gas produced was at temperatures of  
250 ˚C, 350 ˚C, 450 ˚C, and 550 ˚C, where the methane yields were 461.0 mL/g-VS, 366.1 mL/g-VS,  
233.1 mL/g-VS and 207.8 mL/g-VS were inconsistent with the preliminary properties study. These include total 
solids, volatile solids, and COD. Because the highest amount of organic matter is found at 550 °C, the highest 
methane gas production should be obtained. Increased organic matter may inhibit microorganisms that 
produce methane gas. Another reason is the pH of the system because, at a temperature of 550 °C, there is a 
pH as high as 8.88, which is not suitable for the growth of microorganisms. Because acid-producing and 
methane-producing microorganisms can work together well, the pH value must be maintained within an 
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appropriate range of approximately 6.8-7.2 [8]. Therefore, it can be concluded that using liquid products in 
fermentation systems for direct anaerobic treatment may not be appropriate as it may be toxic to the system. 

 

 

 

 

  

Figure 4. Pyrolytic liquid products at 500 °C. 

Table 7. Properties of pyrolytic liquid products. 

Properties 
Asadullah et al. 
(2007) at 500 °C 

Sara B. 
(2018) at 500 °C 

Lutfiyah S. 
(2018) at 550 °C 

This study 
at 500 °C 

pH 4.50 2.40 - 9.45 

COD (g/L) - - 23.83 26.75 

Table 8. Identified compounds in latex sediment pyrolytic liquid at 500°C. 

Compound Name Formula %Area 
Anhydrosecoisolariciresinol C20H24O5 0.23 
Pyridine C5H5N 2.96 
2,3-Dimethylpyridine C7H9N 0.74 
3-Methylpyridine C6H7N 1.86 
2,3-Dimethylpyridine C7H9N 0.92 
N-(2-Aminoethyl)-N-methyl ethylenediamine C5H15N3 0.39 
Acetic acid C2H4O2 7.20 
Pyrrole C4H5N 3.30 
Isobutyric acid C4H8O2 0.52 
Butanoic acid C4H8O2 0.45 
4-Methylhex-5-en-4-olide C7H10O2 1.58 
Acetamide C2H5NO 3.29 
Propionamide C3H7NO 0.90 
2-Pyridinamine C5H6N2 1.09 
(3S,4S)-3-fluoro-2-phenylheptan-4-ol C13H19FO 0.54 
2-Pyrrolidinone C4H7NO 1.95 
3,4,5-Trimethylpyrazole C6H10N2 2.04 
1,2,3-Propanetriol C3H8O3 4.55 
3-Pyridinol C5H5NO 3.57 
2-Methoxy-6-methyl pyrazine C6H8N2O 0.95 
Parthenin C15H18O4 0.45 
Benzeneacetamide C8H9NO 0.06 
Dibutylformamide C9H19NO 0.60 
5,5-Dimethylhydantoin C5H8N2O2 2.40 
5-Ethyl-5-methylhydantoin C6H10N2O2 1.28 
N,N-Dipropyl-1-butanamine C10H23N 0.74 
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Table 8. Identified compounds in latex sediment pyrolytic liquid at 500°C (continued). 

Compound Name Formula %Area 
5-Ethyl-5-methylhydantoin C6H10N2O2 1.28 

N,N-Dipropyl-1-butanamine C10H23N 0.74 

5-Isopropyl-2,4-imidazolidinedione C6H10N2O2 5.12 

5-Isopropyl-2,4-imidazolidinedione C11H18N2O2 0.43 

5-Isopropyl-2,4-imidazolidinedione C6H10N2O2 1.44 

3-Isobutylhexahydropyrrolo[1,2-a]pyrazine-1,4-dione C11H18N2O2 0.69 

N,N'-Methylenebisacrylamide C7H10N2O2 0.44 

3.4 The alkalinity of skim latex serum was adjusted using liquid products from the pyrolysis process. 
The pH is an important factor in organic decomposition systems under anaerobic conditions. The 

optimum pH range was approximately 6.8-7.2. If the pH value is higher or lower, the system performance will 
decrease rapidly; if the pH value is lower than 6.6 or higher than 7.6, the system performance will quickly 
decrease [8]. From a study of the use of the liquid product to adjust the alkalinity of skim latex serum before 
entering the anaerobic fermentation system, as shown in Figure 5, it was found that skim latex serum from the 
skim block production process had a pH of 4 .9 5 , which has the condition somewhat acidic and is toxic to 
anaerobic fermentation systems. Adjusting the alkalinity of skim latex serum from a pH of 4.95 to 6.80 before 
entering the organic decomposition system under anaerobic conditions is necessary and extremely important. 
From the experiment, as shown in Table 9, it was found that using the liquid product at 1 wt% liquid product 
(1 3 .5  mL) was the most appropriate amount because it used the least amount of liquid product to adjust the 
alkalinity of skim latex serum. 

Table 9. Pyrolytic liquid products application. 

Pyrolytic product 
Vol. of skim latex 

serum (mL) 
pH initial pH final 

Vol. of pyrolytic product 
(mL) 

1% Liquid product 100.01 ± 0.02 4.95 ± 0.00 6.80 ± 0.01 13.53 ± 0.15 

3% Liquid product 100.04 ± 0.01 4.95 ± 0.00 6.81 ± 0.02 12.20 ± 0.20 

5% Liquid product 100.02 ± 0.02 4.95 ± 0.00 6.81 ± 0.01 11.17 ± 0.15 

 

 

 

 

 

 
Figure 5. Preparation of skim latex serum and adjustment of alkalinity of serum water with liquid products 

from pyrolysis at a temperature of 500 °C. 
 

As shown in Figure 5, serum was prepared from 1,000 grams of latex, and sulfuric acid was added to 
coagulate the rubber. Skim latex serum was collected after coagulation. The product was obtained as a yellow 
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liquid. Has a relatively low pH. Skim latex serum from the skim block production plant was released into a 
stabilization pond before entering the anaerobic digester. This can result in a rapid decrease in the pH of the 
digester. The factory solves this problem by adjusting the alkalinity condition by adding chemicals such as 
lime because the cost is lower than that of sodium bicarbonate and sodium hydroxide; however, the factory 
requires a large amount of water to dilute the lime. It was found that lime did not dissolve completely and 
precipitated. When entering the anaerobic digester, the sediment accumulates at the bottom of the pond, 
causing the pond capacity to decrease, and the amount of lime solution used to adjust the pH appropriately 
requires a large amount. This increases the amount of wastewater that wastes energy during treatment. 
Therefore, using a liquid product from the pyrolysis of the latex sediment at a temperature of 500 °C is an 
option to adjust the alkalinity of the wastewater appropriately to increase the efficiency of the anaerobic 
digester. This could be a beneficial guideline for managing and utilizing sediment residue generated from the 
concentrated latex production process.  

4. Conclusions 
The batch process of pyrolysis of latex sediment from concentrated latex industries at temperatures 

ranging from 300-700°C was successfully demonstrated. The alkaline pH of the pyrolytic liquid was around 
9.45. Therefore, the liquid pyrolytic product is suggested to be added to acidic serum wastewater for pH 
improvement before feeding to the anaerobic digestion system.    
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Abstract: This study investigated the rice income and expenses of lowland 
rain-fed farmers in Barangay Tubog to ascertain whether these farmers could 
generate profits. A survey questionnaire was utilized to collect the data. The 
findings indicated that rice farmers earned an average annual income of 
P11,571.43. Conversely, their agricultural costs amounted to an average of 
P15,681.68 per cropping season. The study revealed that farmers needed more 
awareness regarding the recommended fertilizer application rates for a given 
farm area. Consequently, they incurred higher expenses on inputs, which 
harmed their income. Specifically, the average total cost of land preparation was 
found to be P3,084.09. The labor cost averaged P3,050.00, while the total 
expenses on fertilizer per cropping season averaged P5,812.42. Furthermore, the 
average total cost of pesticides per cropping season was approximately 
P1,258.42, and the average total milling cost amounted to P1,756.75. Overall, the 
entire agricultural expenses averaged P15,681.68 per cropping season. In terms 
of household expenses, the average was calculated to be P12,626.47. The 
researchers discovered that lowland rain-fed rice farmers in Barangay Tubog 
incurred higher expenses while generating lower income due to limited 
production output. This is likely due to some factors, including outdated 
farming practices, lack of access to credit, and the high cost of inputs. These 
findings suggested a need for government intervention to support lowland rain-
fed rice farmers in Barangay Tubog. This could include providing farmers access 
to improved farming technologies, credit, and market linkages. 

Keywords: Expenditure; income; inputs; lowland; rain-fed 

1. Introduction 
Agriculture is crucial to society because it sustains the local economic 

system. Also, it offers a large percentage of the population opportunities for 
employment [1]. Based on the data from Trading Economics [2], workers in the 
service sector share 58.8 percent of the total employment in the Philippines, 
followed by agriculture, which shares about 22.5 percent as of 2021. Agriculture 
is one of the primary sources of income for most Filipinos. 13.73 percent of the 
total population is the labor force in agriculture, composed of the farming and 
fishing sub-sector [3]. 
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For most Filipinos, rice is their primary food source and staple crop. 2.5 million families, or 2.1 million 
farmers, are employed in the rice industry [4]. Rice output in the nation grew between 2018 and 2020, rising 
to 19.32 million metric tons in 2020 from 19.07 million metric tons in 2018, indicating an average annual rise of 
0.7 percent. Central Luzon continuously produced the most rice from 2018-2020, with 19.0 percent of the 
national annual rice produced or 3.62 million metric tons or 18.8 percent. Irrigated farms, which accounted for 
68.5 percent of the total harvest area in 2018, 70.1 percent in 2019, and 68.9 percent in 2020, provided most of 
the harvest areas across the three years. The share of the rain-fed regions dropped from 29.3 percent in 2018 
to 28.8 percent in 2020. In upland farms, harvest areas ranged from 2.0 percent to 2.20 percent in 2018-2020. 
The Bicol region ranked fifth, having produced the most rice in 2018, amounting to 1.35 million metric tons or 
7.1 percent of the share total, ranked sixth in 2019, amounting to 1.19 million metric tons or 6.3 percent, and 
ranked fifth in 2021, amounting to 1.29 million metric tons or 6.7 percent [20]. Farming is a good source of 
income; some even get rich because of entering this sector. The average net return for rice farmers is P16,832.00, 
earning P140.00 for every P100.00 spent. A farm with ten (10) hectares can expect a net income of P 600,000.00 
to P 800,000.00 per year [5]. 

Due to some factors, especially the expenses and demand of the farm, there are some effects on the 
farm's income. Seeds, fertilizers, pesticides, and labor utilization are some of the most significant expenses the 
farmers need to provide for the demand of their farms. In rice production, the average quantity of seeds was 
estimated at 91.94 kilograms. Fertilizer averaged 214.76 kilograms per hectare for inorganic and 11.52 
kilograms for organic. The usage of pesticides ranged from 0.03 liters for fungicides to 0.82 liters for 
insecticides, and the average labor utilization was 61.61 man-days per hectare [6]. But in 2013, the average 
variable costs of producing rice amounted to P35,675 per hectare or 85 percent of the total cost; 32 percent of 
the total variable cost was labor, and 15 percent averaged, or P6,386 per hectare, is the fixed cost. In irrigated 
farms, the average cost of production was P46,513 per hectare, while P33,888 per hectare in non-irrigated 
farms. There were P20,688 net returns in irrigated rice farms and P9,755 per hectare in non-irrigated rice farms, 
considering the cash and non-cash expenses of the farms [7]. Based on the recent data of the Registry System 
for Basic Sectors in Agriculture (RSBSA), there are 179 registered farmers in Tubog, Cawayan, Masbate; 36 of 
these are just registered but do not engage in farming, and five farmers transfer to nearby municipalities. 

Nowadays, farmers do not just focus on one income source but tend to enter other jobs to support 
their household expenses. According to Hartoyo & Shara [4], the higher the household income, the higher the 
household expenditure. According to PhilRice, farmers' income depends on the farm yield, labor cost, and 
farm inputs. The objectives of this study are to (1) Determine the demographic profile of the farmers in Tubog, 
Cawayan, Masbate; (2) Determine the income of lowland rain-fed rice farmers in Tubog, Cawayan, Masbate; 
(3) Determine the household and agricultural expenditure of lowland rain-fed rice farmers in Tubog, 
Cawayan, Masbate, and how it influences the income received by the farmers; (4) To determine whether or 
not the farms are profitable. There is no significant problem regarding their incomes; 

2. Methodology 
2.1 Research Design and Sampling 
 The present study employed a descriptive research approach, aiming to provide a comprehensive 
description of a specific population's characteristics. Descriptive research gathers data that enables the 
investigation of various aspects related to the "what," "when," and "how" questions concerning a particular 
population or group [8]. Data collection involved observations within the research area and structured 
interviews with the respondents using questionnaires. The study focused on 44 actively engaged lowland 
rainfed rice farmers in Tubog, Cawayan, and Masbate. The selection of this area was based on the presence of 
active farming activities and its suitability for the study's objectives. The sample group comprised lowland 
rice farmers residing in Barangay Tubog, Cawayan, and Masbate. The researchers employed Slovin's formula 
to calculate this study's required number of respondents. With a population size of 1,265, the researchers 
determined the appropriate sample size considering the desired percent margin of error, resulting in a sample 
of 44 respondents. Respondents were selected based on their suitability for providing the sought-after 
information. Convenience sampling, a non-probability sampling technique, was utilized, whereby the sample 
units were selected based on the researcher's ease of access [9]. 
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2.2 Data Collection and Statistical Analysis 
 The data collection process involved a structured questionnaire to gather relevant participant 
information. The questionnaire was carefully constructed to capture key aspects such as the farmers' sources 
of income, estimated annual income, production practices, production volume, and estimated expenses. Using 
a structured questionnaire, the researchers aimed to ensure consistency in data collection and facilitate 
systematic information collection. The questionnaire was administered to 44 lowland rainfed rice farmers in 
Barangay Tubog, Cawayan, Masbate. The researchers chose this sample size based on applying Slovin's 
formula, which considers the desired percent margin of error and the total population size of 1,265. This 
sample was considered representative of the larger population of interest. The researchers conducted face-to-
face interviews, following a structured approach, to gather the required data. This approach allowed for 
further clarification of questions and ensured that respondents provided accurate and complete responses. 
The interviews were conducted consistently to minimize potential biases or variations in data collection. After 
the data collection, the researchers proceeded with the statistical analysis of the collected data. Descriptive 
statistics were employed to summarize and describe the key variables of interest. Frequency counts were used 
to determine the number of occurrences of specific responses or categories within each variable. Percentages 
were calculated to express the proportion of respondents who provided particular answers or fell into specific 
categories. Mean values were calculated to give an average representation of numerical variables, such as 
estimated annual income or production volume. These descriptive statistics allowed the researchers to gain 
insights into the characteristics, patterns, and trends present within the collected data.  

3. Results and Discussion 
3.1 The Characteristics of Farmer Respondents 
 The characteristics of farmer respondents in this study were sexual identity, quantity of families, 
marital status, level of education, and employment status. Based on the data gathered, most farmers were male 
(52%) and were the head of the family, responsible for cultivating the land to provide food for their families. 
It is consistent with Velza et al.'s study that the male does the direct farming operation [10]. The same table 
(Table 1) shows that 39% of the households had between one and three children, 43% had four to six children, 
16% had seven to nine children, and 2% had ten or more children. It was noted that the average number of 
persons in a household was 4.2; number of household members is one of the determinants of the ability of the 
family to support their members in all aspects of their needs; thus, it is necessary for the farmers to carefully 
plan their family size base on their financial ability [11].  Moreover, the size of the farmers' families influenced 
their expenditures, and if the size of a family is large, its expenses will be higher [12]. 

Based on the marital status, 98% of the farmers were married, while 2% were widows. Regarding 
education, 68% of the farmers were elementary graduates, 14% completed secondary education, 11% had 
incomplete primary education, and only 3% reached high school. The lack of formal education among farmers 
may impact their productivity, particularly in adopting modern agricultural technologies [13]. Low education 
levels, large family size, and limited access to agricultural inputs were identified as factors affecting rice 
production [14]. Thus, providing informal education, such as training and seminars, could help improve 
farmers' knowledge and encourage the adoption of new technologies [15].  Regarding farming experience, 
39% of farmers had cultivated their land for 11-20 years, followed by 16% farming for 0-10 years. Additionally, 
14% of the farmers had dedicated 41-50 years to agriculture, while 11% had experience ranging from 31-40 
and 51-60 years. Only 9% of the farmers had been farming for 21-30 years. The length of farming experience is 
one of the determinants of the success or failure of farming; thus, farmers must gain more experience and 
insights in their agriculture to learn more and be more productive. Regarding the farm size, most farmers 
(57%) had a farm size of 1-3 hectares, with an estimated average rice harvest of 19.8 sacks per year. The farmers' 
yield from their production is much lower because, according to PhilRice [16], an average yield of 3.29 metric 
tons of rice is expected per hectare. The study identified 16% of the farmers as small, while others were 
considered significant, with land holdings of 4-10 hectares or more. It was found that larger farms tend to 
generate higher income [14], and the size of the farm is a key factor affecting the farmer's income; moreover, 
economic of scale is one of the limiting factors for economic production in rice farming and in this location, it 
seems that agronomic production (rice) is small.  [18]. Regarding farming capital, 57% of the farmers borrowed 
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money from various sources, while 43% used their funds to support rice production. Regarding land ownership, 
57% of the farmers owned their land, 30% were tenants, and 14% rented the land for agricultural activities. 

In general, the characteristics of farmer respondents, including their family size, marital status, 
education level, farming experience, farm size, capital sources, and land ownership, were identified in this 
study. These characteristics are significant in farmers' decision-making processes and overall farming 
activities. The findings highlight the need for educational interventions and support to enhance farmers' 
knowledge and productivity, particularly in adopting new technologies. 

Table 1. Socio-demographic profile of farmers in barangay Tubog 

Variable Frequency (44) Percentage (%) 

Gender      
Male 
Female 

23 
21 

52 
48 

Number of children   
1-3 
4-6 
7-9 
10 and above  

17 
19 
7 
1 

39 
43 
16 
2 

Marital Status   
Single 
Married 
Separated 
Widow 

0 
43 
0 
1 

0 
98 
0 
2 

Educational attainment   
Graduate of Elementary 
Primary level 
Secondary Level 
Graduate of high school 

30 
5 
3 
6 

68 
11 
7 

14 
Occupation    
Farming                                                          44 100 
Year in farming   
0-10 years 
11-20 years 
21-30 years 
31-40 years 
41-50 years 
51-60 years 

7 
17 
4 
5 
6 
5 

16 
39 
9 

11 
14 
11 

Farm size   
Below 1 ha 
1 ha – 3 ha 
4 ha – 9 ha 
Above 10 ha 

16 
25 
2 
1 

36 
57 
5 
2 

Sources of capital in farming   
Borrowed 
Owned 

25 
19 

57 
43 
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System of Land Ownership   
Owned 
Tenant 
Rented 

25 
6 
13 

57 
14 
30 

3.2. Economic Analysis of Agricultural Production 

The analysis of farmers' yields and income on their rice production is shown in Table 2. The findings 
revealed that 66% of the farmers harvested only 1-20 bags of rice per cropping, while 25% harvested 21-40 
bags per cropping, 7% of the farmers gathered around 41-60 bags, and only 2% of the farmers achieved a 
harvest of 81-100 bags. It is shown that most of the farmers' respondents are low-yielding or low-production, 
which will be converted into cash. It shows that farmers in barangay Tubog will earn a low income because of 
their low production. The table below indicates farmers received P10,500 for every 1-20 bags harvested, 
P30,500 for every 21-40 bags harvested, P50,000 for every 41-60 bags harvested, P70,500 for every 61-80 bags 
harvested, and P90,500 for every 81-100 bags produced. These results demonstrated that the amount of yield 
harvested directly impacted the income received by the farmers since the higher the yield, the higher the 
revenue [19].  

Furthermore, the table provided information on farmers' annual incomes. It revealed that most (100%) 
farmers generated their income from farming. Notably, 27% of the farmers had an income of P20,000 and 
above, equivalent to a monthly income of P1,666.67. On the other hand, 23% earned P5,001 to P8,000 and 
P17,000 to P20,000. Additionally, two or 5% of the farmers earned P8,001 to P11,000, and two earned P14,001 
to P17,000. Based on the study by Reyes [20], farmers in the research location were considered poor for having 
an income of less than P10,957.  

Based on these results, it was evident that the farmers in barangay Tubog belonged to 31.6% of farmers 
experiencing poverty, as per the data from the PSA in 2018 [7]. Furthermore, the income derived from rice 
harvests in barangay Tubog, Cawayan, Masbate fell significantly below the average base salary of farmers in 
the Philippines, which averaged to P9,833 monthly [21]. 

Table 2. Economic analysis of harvested produce of farmers in barangay Tubog 

Variables Income 
Frequency                                                    

(44) 
Percentage (%) 

 

Estimated yield per cropping     
1-20 bags  
21-40 bags 
41-60 bags 
61-80 bags 
81-100 bags 

10,500 
30,500 
50,500 
70,500 
90,500 

29 
11 
3 
0 
1 

66 
25 
7 
0 
2 

 

Annual Income   
5,000 and below 
5,001-8,000 
8,001-11,000 
11,001-14,000 
14,001-17,000 
17,001-20,000 
Above 20,001 

8 
10 
2 
0 
2 

10 
12 

18 
23 
5 
0 
5 
23 
27 

3.3. Estimated pre-planting and planting expenses 
 The results of the study on pre-planting and planting expenses of rice farmers are presented in Table 
3. Based on the farmers' estimates, the cost of land preparation varied among respondents. Most farmers (61%) 
reported an estimated cost of land preparation ranging from 501 to 2,500. A smaller percentage of respondents 
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(14%) indicated a higher estimated cost of land preparation, falling within the range of 4,501 to 6,500. Another 
11% of farmers reported their land preparation cost around 2,501 to 4,500, while 7% stated a cost of 8,501 to 
10,500. Only 2% of farmers mentioned a land preparation cost of 500 and below. Therefore, the Philippine 
government implemented the Rice Competitiveness Enhancement Program to compete with neighboring 
countries regarding rice production. The cost of production for their rice is relatively low compared to the cost 
of rice in the country.  

Table 3. Pre-planting and Planting Expenses of rice farmers 

Variables Frequency                                                  Percentage (%) 
Estimated cost for land preparation   
500 and below 
501-2,500 
2,501-4,500 
4,501-6,500 
6,501-8,500 
8,501-10,500 

1 
27 
5 
6 
2 
3 

2 
61 
11 
14 
5 
7 

Estimated labor cost/cropping   
5,000 and below 
5,001-8,000 
8,001-11,000 
11,001-14,000 
14,001-17,000 
17,001-20,000 
Above 20,000 

39 
0 
3 
0 
1 
0 
1 

89 
0 
7 
0 
2 
0 
2 

Estimated total cost of fertilizer   
5,000 and below 
5,001-8,000 
8,001-11,000 
11,001-14,000 
14,001-17,000 
17,001-20,000 
Above 20,000 

28 
7 
4 
0 
4  
0 
1 

64 
16 
9 
0 
9 
0 
2 

Estimated total cost of pesticides   
Not practicing 
500 and below 
501-1,000 
1,001-1,500 
1,501-2,000 
2,001-2,500 
2,501-3,000 
3,001-3,500 
3,501-4,000 
4,001-4,500 
4,501 and above 

6 
11 
15 
2 
1 
0 
6 
2 
0 
0 
1 

14 
25 
34 
5 
2 
0 
14 
4 
0 
0 
2 

Regarding labor costs, 89% of the farmers reported a cost of 5,000 and below. The frequency 
distribution in Table 3 shows that most respondents (39%) had an estimated labor cost below or equal to 5,000. 
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A small percentage of farmers (7%) reported a labor cost ranging from 5,001 to 8,000. No respondents reported 
labor costs falling within 8,001 to 11,000, 11,001 to 14,000, 14,001 to 17,000, 17,001 to 20,000, or above 20,000. 
Labor cost is the cost in rice production that most farmers responded to with high cost, similar to the study of 
Bordey [19]. Regarding fertilizer expenses, the study found that most farmers used synthetic fertilizers, 
particularly Complete fertilizer, Urea, and Ammonium phosphate. Despite the increasing price of Urea, it 
remained the most commonly used fertilizer among farmers. More than half (64%) of the farmers reported a 
fertilizer cost of 5,000 and below. The estimated total cost of fertilizer varied among respondents, with 16% 
stating a cost range of 5,001 to 8,000, 8,001 to 11,000, and 14,001 to 17,000, the same percentage (9%), while 2% 
of farmers reported a cost above 20,000. On average, the estimated cost of fertilizer was approximately 5,812.42 
pesos. Regarding pesticide costs, the study found that 14% of farmers did not practice the application of 
pesticides on their farms. Among those who used pesticides, the cost varied. The majority (34%) reported a 
cost range of 501 to 1,000, followed by 25% who said a cost of 500 and below. The same percentage (14%) of 
farmers had a cost range of 2,501 to 3,000. A smaller percentage (5%) reported a cost of 1,001 to 1,500, while 
4% stated a cost range of 3,000 to 3,500. Additionally, 2% of farmers reported costs of 4,001 to 4,500 and 4,501 
and above for purchasing pesticides. The study's findings highlight that fertilizer expenses constitute the 
highest costs for farmers. This aligns with the results of a previous study by Turlley [6] and corroborates the 
data from the PSA in 2021, which indicated that farmers spent more on labor followed by fertilizer [22] 

3.4 Estimated post-harvest expenses 
 In the study, the post-harvest expenses of rice farmers were examined (Table 4). The table presented 
the variable frequencies and percentages of estimated transport, milling, and drying costs per cropping. 
Regarding estimated transport costs per cropping, most farmers (84%) reported expenses of 500 and below. A 
smaller portion (14%) spent between 501 and 4,500, while only 2% of farmers had expenses of 4,501 and above. 
This result is opposite to the situation published by DA, in which the cost of transportation is high. Concerning 
estimated milling and drying costs per cropping, a mere 9% of farmers incurred expenses of 500 and below. 
The majority (89%) paid between 501 and 5,001, while there were no reported costs for the ranges of 5,001-
10,000 and 10,001-15,000. However, 2% of farmers had high expenses of 15,001 and above. It is worth noting 
that the milling cost was estimated to be P2.50 per kilogram. The findings indicate that the majority of farmers 
(89%) paid within the range of 501-5,001 for milling. Meanwhile, a smaller proportion (9%) had lower costs of 
500 and below, and a mere 2% faced higher charges of 15,001 and above in Tubog. These results suggest that 
rice farmers still allocate significant money for transportation and milling costs, which can impact their overall 
income. This is consistent with Bordey's study, which found that milling costs significantly affect rice 
production expenditures [19].  

Table 4. Post-harvest Expenses of the farmers 

Variables Frequency                                                   Percentage (%) 
Estimated transport cost/cropping 
500 and below 
501-4,500 
4,501 and above 

37 
6 
1 

84 
14 
2 

Estimated milling and drying cost/cropping 
500 and below 
501-5,000 
5,001-10,000 
10,001-15,000 
15, 001 and above 

4 
39 
0 
0 
1 

9 
89 
0 
0 
2 

 
3.5 Farmers household expenditures 
 A study showed that most farmers' household expenses were allocated to various categories, 
including food, electric bills, water, education, health, vices, clothes, and other miscellaneous items. However, 
the largest household expenses were spent on production costs and food. Table 5 summarizes the average 
monthly expenses for each expenditure category. Food accounted for an average expenditure of P2,122.73, 
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representing 17% of the total household expenses. The electric bill amounted to an average of P817.41, 
accounting for 6% of the expenses. Water expenses were relatively lower, with an average of P313.33, 
representing 3% of the total. Education expenses constituted the highest percentage, with an average of 
P4,225.00, accounting for 33% of the expenses. Health expenses averaged P607.04, representing 5% of the total. 
Vices, including alcohol and cigarettes, accounted for an average of P502.08, comprising 4% of the expenses. 
Clothes expenses totaled P788.88, also representing 6% of the total. Lastly, other expenses, including feed for 
farm animals and other miscellaneous items, averaged P3,250.00, accounting for 26% of the total [23]. 

Farmers had to divide their income to cover these household expenses. Education became the highest 
routine expenditure, constituting 33% of their income. Additionally, farmers allocated P3,250.00 per month, 
or 26% of their income, for other expenses such as farm animal feed and miscellaneous items. Farmers also 
utilized their income to supplement their food supply to purchase goods not produced on their farms. On 
average, they spent around P2,122.73 on food, representing 17% of their income. In addition to food, farmers 
allocated a portion of their income towards paying the monthly electric bill, averaging P817.41 or 6% of their 
income. The same proportion (6%) was dedicated to purchasing clothes for their children and themselves. Due 
to limited income, farmers could only allocate an average of P607.00 per month or 5% of their income for health 
expenses. Furthermore, farmers used a portion of their income, approximately P502.00 per month or 4%, to 
cover their vices, which included alcohol and cigarettes. Based on farmers' expenditures, the income from rice 
alone is not enough to cover their family's monthly expenses, making them sort from other sources of income 
and mostly leave rice farming to focus on other sources of income.  

Table 5. Farmers household expenditure 

Expenditure Category 
Average Household 
Monthly Expenses 

Percentage (%) 

Food 2,122.73 17 
Electric bill 817.41 6 
Water  313.33 3 
Education 4,225.00 33 
Health  607.04 5 
Vices 502.08 4 
Clothes  788.88 6 
Other  3,250.00 26 
TOTAL 12,626.47  

 The table below (Table 6) provides insights into the profitability of farms. The average annual income 
of farmers was reported to be P11,571.43. However, this income fell short of meeting household expenses, 
which averaged P12,626.47, and agricultural expenses, which averaged P15,681.82. These findings indicate 
that farming alone cannot satisfy a family's basic needs. As a result, farmers must seek alternative livelihoods 
to ensure their survival [24]. The study demonstrates that farmers' household expenses primarily consist of 
production costs and food. Education became the most significant routine expenditure, followed by other 
miscellaneous expenses. The need for additional income sources beyond farming alone highlighted the fact 
that the average annual income of farmers was not enough to cover both household and agricultural expenses. 
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Table 6. Profitability of the farmers’ farms 

Income in Farming Amount 
Average Income 11, 571.43 
Expenditures  
Household Expenses 12,626.47 
Agricultural Expenses 15,681.82 
Total Expenditures 28,308.29 

 

4. Conclusions 
Most farmers in barangay Tubog were male, married, and served as the head of the family. They had 

a relatively low level of education, with most having only completed elementary school. Farmers had large 
families, and the size of the family influenced their expenditures, as larger families required more financial 
resources. Farmers in barangay Tubog had significant farming experience, with most cultivating their land for 
11-20 years. Most farmers had a farm size of 1-3 hectares, and their average rice harvest was significantly lower 
than the expected average yield per hectare. Small farmers constituted 16% of the respondents, while the rest 
were considered large farmers with land holdings of 4-10 hectares or more. Farmers primarily relied on 
borrowed capital, and a majority owned their land. However, significant percentages were tenants or rented 
land for agricultural activities. The yield of their rice harvest directly influenced the income of farmers. The 
higher the yield, the higher the income. The annual income of farmers in barangay Tubog fell significantly 
below the average base salary of farmers in the Philippines, indicating that a substantial portion of farmers 
were experiencing poverty. The cost of land preparation varied among respondents, with the majority 
reporting an estimated cost ranging from 501 to 2,500 pesos. Labor costs were relatively low, with most farmers 
reporting 5,000 pesos and below. Fertilizer expenses constituted the highest costs for farmers, followed by 
labor costs. Synthetic fertilizers, particularly Urea, were commonly used by farmers. Pesticide costs varied 
among farmers, with a significant portion not practicing the application of pesticides. Among those who used 
pesticides, most reported costs ranging from 501 to 1,000 pesos. 
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  Abstract: This research aims to assess the environmental feasibility of a wind 
power plant by investigating its noise disturbances, shadow flicker, and zones 
of visual influence. The model is applied as a case study for a 50 MW wind 
power plant, located in the Nakhon Ratchasima province of northeastern 
Thailand.  The acoustic noise emissions were analyzed using the sound 
propagation and absorption models under the wind conditions on the site 
studied.  The shadow flicker around each wind turbine generator, in terms of 
the number of hours per year, was also simulated along with the analysis of 
the zones of visual influence according to the number of wind turbines that can 
be seen by an observer from a certain distance.  The results show a maximum 
sound level of 47 dBA, within the allowed limits of the 50 dBA legislation of 
the Department of Pollution Control of the Royal Thai Government.  Similarly, 
the shadow flicker within 1 km of the wind turbines is 10 hours/year, well 
below the international standard of 30 hours/year.  Results of the zones of 
visual influence indicate that between 15 and 20 turbines are visible from 
observation points surrounding the potential wind power plant.  The results 
applied to this case study suggest that the potential wind power plant is well-
suited regarding its environmental impacts and should typically not incur 
negative impacts for the local communities. Studies like these are vital to 
gaining the trust of the communities living near wind power plants to address 
their concerns and minimize opposition. 

Keywords:  Onshore Wind Power Plant; Noise Emission; Shadow Flicker; Zone of 
Visual Influence; Public Opposition. 

1. Introduction 
Renewable energy sources, such as solar and wind energy, are steadily 

replacing conventional fossil fuels as the primary source of electricity generation.  
Renewable energy is predicted to be the world’s top electricity generation 
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source within three years [1].  According to a recent International Energy Agency (IEA) report on renewables, 
solar PV capacity will surpass gas and coal as primary energy sources by 2027. Similarly, wind generation 
capacity will double during this period, with offshore wind power plants contributing the bulk of the share 
[2]. This steady shift towards renewables is primarily due to global warming caused by greenhouse gas 
emissions, which led world leaders to pledge a reduction in global carbon footprint under the Paris Agreement 
[3].  In addition, the volatility in energy markets, notably caused by events such as the Russia-Ukraine war, 
has also pushed the adoption of renewables on fast tracks, especially in the European market, which heavily 
depends on Russian natural gas for its needs. 

Thailand, an emerging economy in the ASEAN, also heavily relies on fossil fuels for its energy 
demands.  Electricity generation is dominated by natural gas, accounting for the highest share of the Electricity 
Generating Authority of Thailand (EGAT), the largest producer of electricity in the country, followed by coal 
[4]. Thailand imports most of its natural gas and oil, with gulf gas leading the share [5], making it heavily 
dependent on energy imports.  However, Thailand has ambitious plans to diversify its energy mix by 
increasing the share of renewable energy in electricity generation. Currently, renewables, including large 
hydropower, contribute almost 13% of the country's total electricity generation capacity [5], but the country 
plans to continue to increase this share. 

With its power development plan (PDP 2015-2036), Thailand aims to reduce the share of fossil fuels 
in power generation by 30 to 40%, offsetting it by increasing the renewable energy share to 20% by 2036 [6].  
Another more ambitious plan formulated by Thailand's Energy Policy and Planning Office (EPPO) aims to 
achieve a 50% renewable energy share to reach the carbon neutrality target by 2065 - 2070 [7].  Thailand has a 
total renewable electricity generation capacity of 23,856 GWh, with solar PV and wind energy contributing the 
highest share, 21% and 17 %, respectively.  Following the global trend, both of these sources will be major 
contributors to the expansion of renewable energy in the country. 

Thailand has an excellent onshore wind capacity that can be developed to improve the share of 
renewable energy in the country. Currently, the installed onshore wind capacity of Thailand reaches 1,500 
MW (1.5 GW), making up 17% of the total renewable energy-based power generation in 2021 [5, 8].  However, 
the country has the potential to install between 13 and 17 GW of onshore wind power capacity if given the 
proper regulatory and policy framework [9]. 

Several studies have been carried out in different parts of Thailand to assess onshore wind power 
potential, showing encouraging results.  Using the Wind Atlas Analysis and Application Program (WAsP), 
the wind potential assessment of Hat Yai city in Songkhla province, with its 3.5 m/s mean annual wind speed 
at 10 m above ground level (agl), is estimated at 2,731 MWh of wind energy generation [10].  With its mean 
annual wind speed of 8 m/s at 120 m agl and employing atmospheric and computational fluid dynamics (CFD) 
wind flow modeling, a wind power potential of 300 MW was estimated in southern Thailand [11].  In a similar 
study, using CFD wind flow modeling at 120 - 125 m agl, potential wind power plant sites along the Andaman 
coast of Thailand could generate 18 to 36 GWh/year [12].  Finally, using wind shear coefficients, the technical 
power potential for elevations between 65 and 120 m agl of Koh Phangan, Thailand, could reach between 10 
and 20 MW [13].  These studies suggest that Thailand has good potential for developing its onshore wind 
energy.  However, developing onshore wind power plants face challenges ranging from techno-economic 
aspects to socio-environment issues. 

Wind turbine generators can cause noise and visual disturbances in their immediate vicinity.  An 
international panel of experts, working under a mandate of the Government of Canada, identified through a 
thorough assessment of the scientific literature that the evidence is sufficient to establish a causal relationship 
between exposure to wind turbine noise and annoyance. At the same time, there is limited evidence to 
establish a causal relationship between exposure to wind turbine noise and sleep disturbances [14].  Further, 
the evidence suggests a lack of causality between exposure to wind turbine noise and hearing loss. In contrast, 
the evidence was inadequate to come to any conclusion about the presence or absence of a causal relationship 
between commonly claimed health impacts and exposure to wind turbine noise [14]. 

Nonetheless, the negative impacts of large onshore wind power plants, such as visual and noise 
disturbances, land use conflicts, etc., pose significant challenges to the acceptance of wind energy [15].  While 
large wind turbines have been well accepted in unattractive landscapes, they have faced negative social 
acceptance in high aesthetic quality landscapes, suggesting the visual factor is important [16].  For example, it 
is documented that noise and visual disturbances were considered major factors by some local community 
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groups in Australia opposing the development of wind energy in their area [17].  Hence, noise and visual 
disturbances are the primary concerns of the local communities that need to be well addressed while 
developing a wind power project in an area. 

This study specifically focuses on assessing noise disturbances, shadow flicker, and zones of visual 
influence of a potential 50 MW wind power plant in the Nakhon Ratchasima province of northeastern 
Thailand.  While the methodology of this study is independent of the location, it aims to investigate and 
identify the social acceptance barriers for onshore wind energy in general and specifically in Thailand. 

2. Materials and Methods 
2.1 Study Area 

The potential wind power plant investigated is located in the Nakhon Ratchasima province of 
northeastern Thailand, as shown in Figure 1.  The province of Nakhon Ratchasima is the most important 
economic hub of the northeastern region, supporting many economic activities, including tourism.  Being an 
economic hub with a good wind resource, Nakhon Ratchasima province is home to many of Thailand's current 
utility-scale wind power plants, including the 90 MW KR-I wind power plant and the 103 MW first Korat wind 
power plant.  Considering its pleasant climate, the region is also a tourist destination.  The rainy season lasts 
almost nine months, from February to November, with September being the month with the most rain.  The 
period of late November to early February is considered the most ideal time for tourism [18].  Thus, along with 
tourism, renewable energy, and notably wind energy, is vital in supporting the economic activities of this 
region. 

 
Figure 1. The study area is located in the Nakhon Ratchasima province of northeastern Thailand. 

 2.2 Microscale Computational Fluid Dynamics Wind Flow Modeling 

The computational fluid dynamics (CFD) wind flow modeling, with a 90 m resolution, was applied 
for the wind speed prediction over a 10 x 10 km2 grid, while met masts of 90 m (1 mast) and 125 m (2 masts) 
spread across three locations, were used to validate the numerical modeling.  The positions of the three met 
masts are indicated in Figure 1, while their characteristics are presented in Table 1. 

CFD wind flow modeling is widely used to simulate wind flow caused by the local terrain 
characteristics and topography and is quite helpful for developing wind energy in complex terrains [11,19].  
The main inputs in CFD wind flow modeling consist of boundary conditions, i.e., terrain feature (Digital 
Elevation Model (DEM)) and roughness, as well as initial conditions, i.e., wind climatology in the form of wind 
speeds and directions at typical points of measurement in the study area.  In this analysis, the ASTER Global 
Digital Elevation Model (GDEM) V2 provided by the USGS was used to represent the terrain feature of the 
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study area.  The roughness was interpreted using the Land Cover Land Use (LCLU) data from the Land 
Development Department of Thailand [20].  The 3D DEM and roughness of the study area are presented in Figure 2. 

The standard k-epsilon turbulent model was applied to execute the CFD wind flow modeling under 
neutral air stability conditions and air density of 1.225 kg/m3 using the GCV solver in the WindSim simulation 
tool.  The CFD wind flow modeling output was the spatial wind resource distribution at 137 m agl, 
corresponding to the hub height of the wind turbine generators used in this investigation.  The distribution of 
the climatic wind speeds, at 90 m and 125 m agl, at the positions of the three met masts used in the CFD 
simulations are shown in Figure 3.  This figure shows similar wind profiles for each met mast position, with 
average annual wind speeds of 5.81, 5.75, and 6.07 m/s, respectively, making the study area suitable for 
developing wind energy.  Figure 4 shows the layout of the potential wind power plant and the positions of 
the wind turbines in the study area. 

Table 1. Characteristics and period of wind measurements of the three met masts used in the study area. 

Met Mast 
Representative 

Period 

Measurement 
Height 
(m agl) 

Representative 
Period 

(Months) 

Mean Annual Wind 
Speed 
(m/s) 

KWE_Mast1 
11/12/2013 (00:00) - 22/11/2016 

(07:00) 
125 15.0 5.81 

KWE_Mast2 
12/12/2013 (00:00) - 13/01/2017 

(00:00) 
90 14.9 5.75 

KWE_Mast3 
23/12/2013 (00:00) - 16/11/2016 

(00:00) 
125 14.9 6.07 

2.3 Noise Level Measurement 
One of the major barriers being faced by onshore wind power plants is their acoustic noise emissions. 

The acoustic footprint of large wind power plants is often the cause of concern for the residents in the vicinity, 
and addressing this problem is essential for the sustainable development of onshore wind energy. 

 The noise model of the GH WindFarmer simulation model [22] was used to model the acoustic noise 
emissions of the potential 50 MW wind power plant.  This model designs wind power plants within the legal 
noise levels.  The noise model calculates the attenuation for a single representative frequency and assumes 
hard ground surfaces. 

The noise model in GH WindFarmer calculates the noise propagation at a fixed reference frequency 
of 500 Hz.  The continuous octave-band sound pressure level at a receiver location (Lft) is calculated using Eq. (1). 

 

𝐿ft = L𝑊 + D𝐶  – A  (1) 

LW is the sound power level in dBA produced by each turbine, taking the turbine as a point source, and Dc is 
the directivity correction in dBA.  For the case of an assumed omni-directional point sound source (i.e., a wind 
turbine), Dc = 0 dBA.  The directivity of the wind turbine noise is considered when measuring the sound power 
level.  Thus, A is the attenuation that occurs during the propagation from the point sound source to the receiver 
in dBA, calculated using Eq. (2). 

div atm gr bar misc metA = A  + A  + A  + A  + A  + A   (2) 

Where Adiv is the attenuation due to geometrical divergence, Aatm is the attenuation due to atmospheric 
absorption, Agr is the attenuation due to the ground effects, Abar is the attenuation due to barriers, Amisc is the 
attenuation due to other effects such as foliage and areas of buildings, and Amet is the attenuation due to the 
meteorological impacts.  In this investigation, there are no barriers or areas of buildings.  Also, the attenuation 
due to the foliage of the trees is usually small.  Consequently, the Amisc was not taken into consideration.  Also, 
the meteorological effects are neglected since the meteorological conditions are unchanged. 
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Figure 2. Contour map (upper left), 2D GDEM (upper right), 3D GDEM (lower left) and roughness (lower 
right) of the study area. (Source: NASA-ASTER [21]) 

2.3.1 Geometrical Divergence (Adiv) 
The geometrical divergence attenuation Adiv accounts for the spherical spreading in the free field from 

a point sound source over hard ground and is calculated using Eq. (3). 

( )divA  = 20log d +11 dB       (3) 

Where d is the 3-dimensional distance between the source and the receiver. 

2.3.2 Atmospheric Attenuation (Aatm) 
The attenuation due to atmospheric absorption Aatm is calculated using Eq. (4). 

atmA  = αd/1000     (4) 

Where α is the atmospheric attenuation coefficient in dBA/km for each octave band. 
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KWE Mast1, wind measurements at 125 m agl. 

 
KWE Mast2, wind measurements at 90 m agl. 

 
KWE Mast3, wind measurements at 125 m agl. 

Figure 3. Distribution of the wind speeds, at 90 m and 125 m agl, at the positions of the met masts used in this study. 

2.3.3 Ground Attenuation (Agr) 
The total ground attenuation Agr is the sum of the ground attenuation in the source region (As), the 

middle region (Am), and the receiver region (Ar).  In the source and receiver regions, the ground attenuation is 
-1.5 dB. The ground attenuation in the middle region is given by Eq. (5). 
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Figure 4. Layout of the potential wind power plant and the positions of the wind turbines in the study area. 
 

mA  = -3qdB   (5) 

s r
s r

s r

30(h +h )
1-        When dp > 30(h +h )

q = dp
0                         When dp < 30(h +h )

 
 
 
 
 

  (6) 

Where hs is the hub height of the wind turbine, hr is the height of the receiver above ground, and dp is the 
distance from the wind turbine base to the receiver base projected onto the ground plane. 
 

Finally, for multiple wind turbines, the combined sound pressure level for all the turbines 1 to n at a 
point must be calculated using Eq. (7). 

 

𝐿total =  10log [10
𝐿𝑓𝑡1
10 + 10

𝐿𝑓𝑡2
10 + 10

𝐿𝑓𝑡3
10 + ⋯+ 10

𝐿𝑓𝑡𝑛
10 ]  (7) 

 

In this work, the noise levels emitted by the 20 turbines composing the potential 50 MW wind power 
plant were analyzed and mapped using the above set of equations. 
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2.4 Shadow Flicker 
The moving shadow caused by the rotation of a wind turbine rotor and blades is known as shadow 

flicker, and it can annoy the residents in the vicinity of a wind power plant [23].  Therefore, it is important to 
properly understand and address this issue to minimize the probability of opposition to wind power plant 
developments.  The WindFarmer model [22] calculates the shadow flicker of a wind turbine using a multi-step 
calculation process considering many input parameters.  The shadow flicker module simulates the path of the 
sun over one year and assesses the shadow flicker at different time intervals at multiple positions.  This 
assessment can help turbine controllers plan the operations of the wind turbines to avoid the worst shadow 
flicker timing to minimize annoyance to the nearby residents. 

Before the actual calculation of shadow flicker, the position of the sun at any time of the year needs to 
be determined.  The WindFarmer model uses the following methods for determining the position of the sun [22]. 

2.4.1 Calculating the Hour Angle 
 The Hour Angle is the angular displacement of the sun, from the west or the east, of the local meridian 

due to the rotation of the earth on its axis at 15°/hour.  To calculate the hour angle, one needs to calculate the 
following variables. 

2.4.2 Julian Date 
The Julian Date (JD) is the difference in days between the current Julian day and the Julian day at noon 

on January 1, 2000, and is given by Eq. (8). 

JD = 2432916.5 + 365 delta + leap + day + hour/24   (8) 

Where delta = year - 1949 , leap = int delta/4   , it is defined as the integer portion of the argument. 

2.4.3 Elliptic Coordinates 
The elliptical coordinates are calculated using Eqs. (9 – 13). 

n = JD - 2451545.0   (9) 

L = 280.460 + 0.9856474 n ; 0° L < 360°   ( )    (10) 

)g = 357.528 + 0.9856003 n  ; 0° g < 360°(    (11) 

)l = L + 1.915 sin(g) + 0.020 sin(2g) ; 0 l < °(  360     (12) 

ep = 23.439 - 0.0000004 n   (13) 

Where L is the mean longitude, g is the mean anomaly, l is the ecliptic longitude, and ep is the obliquity of the 
ecliptic. 

2.4.4 Celestial Coordinates 
 The celestial coordinates are the coordinates that define the position of objects in the celestial sphere 

or the set of numbers that pinpoint the position of objects in the sky. These coordinates are calculated by using 
Eq. (14 – 15). 
 

tan(ra) = cos(ep) ×  sin(𝑙)/cos(𝑙)  (14) 

sin(dec) = sin(ep) × sin(𝑙)  
 (15) 

Where ra is the right ascension, and dec is the declination. 
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2.4.5 Greenwich Mean Sidereal Time (gmst) 
The Greenwich mean sidereal time (gmst) is given by Eq. (16). 

)gmst = 6.697375 + 0.0657098242 n + hour UTC   ; s( )  ( 0 gm t < 24h   (16) 

2.4.6 Local mean sidereal time (lmst) 
 The local mean sidereal time (lmst) from a given gmst, the East longitude must be added to the gmst 

using Eq. (17). 

lmst = gmst + east. longitude /15   (17) 

2.4.7 Hour Angle 
The hour angle (ha) is calculated using Eq. (18). 

ha = lmst - ra ; (-12h < ha ≤ 12h) (18) 

2.4.8 Azimuth and Elevation 
Finally, the sun’s position definition parameters of azimuth (az) and elevation (el) are calculated using 

Eq. (19 – 20). 

sin(el) = sin(dec) sin(lat)+ cos(dec) cos(lat) cos(ha)     (19) 

  Where lat is the latitude and then the azimuth angle az can be calculated, which is measured from the 
north (0°): 

sin(az) = -cos(dec) sin(ha)/cos(el) ; (0° < az < 360°)   (20) 

2.4.9 Occurrence of Shadow Flicker 
Once the sun position and elevation are calculated, the shadow flicker is determined by the position 

(P) of the wind turbine, and the position of the sun (elevation angle and azimuth angle).  Figure 5 illustrates 
the method and concept used by WindFarmer [22].  The model calculates the minimum distance from the 
wind turbine hub to any point (S) on the line between the sun and the point of interest (A). 

 
Figure 5. Conceptual model of the shadow flicker calculation in WindFarmer [22]. 

The points A, P, and S are represented by their vectors, 𝐴, �⃑⃑� and 𝑆⃑⃑⃑ = �⃑� + 𝜆𝑠�⃑⃑�. The vector b  is a unit 
vector pointing from the receptor to the middle of the sun and is given by Eq. (21). 

cos(el) sin(az)
b= cos(el) cos(az)  

sin(el)

 
 
 
 
 

  (21) 
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For the vector AS to be perpendicular to the vector PS, we require b•(𝑆 - �⃑� ) = 0.  This will lead to 
vector SP, perpendicular to the vector AS given in Eq. (22). 

SP⃑⃑⃑⃑⃑ = a ⃑⃑⃑+ 
b ⃑⃑⃑ ⃑• (�⃑⃑� - �⃑�)

�⃑⃑��⃑⃑�
�⃑⃑� - �⃑⃑�  (22) 

WindFarmer compares the norm of the vector PS with the radius R of the turbine.  This is repeated in 
time intervals of 1 minute through one year to detect if the shadow is produced at the point of analysis at each 
time.  The model counts the minutes/day and the hours/year of shadow flicker caused by each wind turbine.  
The terrain features are also considered in the calculation to check for terrain features blocking the line of sight 
between the wind turbine and the receptor. 

The rotor position is very important in the shadow flicker calculations as it is the source of the shadow.  
The rotor offset is calculated using Eq. (23). 

Rotor offset = (1/2)tower to diameter + tower position + disc depth   (23) 

Where tower position and disc depth are defined in the 3D Designer module of the Turbine Studio software. 
Finally, employing the above shadow flicker calculation method, the shadow flicker of the wind 

power plant was calculated and presented for each wind turbine and all positions in the vicinity of the wind 
power plant. 

2.5 Zones of Visual Influence (ZVI) 
 The zones of visual influence (ZVI) determine the visibility, suggesting the number of wind turbines 

that can be seen from certain distances from the wind power plant.  In much research, the visual impacts of 
large wind turbines have been studied, and the findings show them to be directly related to the aesthetic value 
of the landscape.  Large wind turbines in high aesthetic value areas face significant public opposition, while 
those in low aesthetic value areas are generally accepted quite well [25]. 

In this study, the ZVI assessment of the 50 MW wind power plant was also done using the 
WindFarmer model [22].  This model uses the line-of-sight algorithm, which checks the line of sight at regular 
intervals against the terrain height at each point of interest.  This method offers a good degree of accuracy in 
comparison to other methods. 

2.5.1 Standard ZVI Calculation  
 The standard ZVI calculates the number of wind turbines visible from the point of observer A, as 

shown in Figure 6, with the visibility defined as either where the hub is visible or, more sensitively, where the 
tip of the blade is visible. 

 
Figure 6. Standard calculation of the zones of visual influence [22]. 

In addition to the standard ZVI calculation, WindFarmer also calculates other ZVI parameters to 
assess the visual impacts of wind power plants on landscapes fully. 

2.5.2 Vertical Subtended Angle 
 The vertical subtended angle addresses how large the wind turbines are in the observer’s field of view. 

Wind turbines on elevated positions like hilltops will usually be visible from great distances, and the severity 
of the visibility declines with the distance.  Figure 7 explains the vertical subtended angle calculation. 
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Figure 7. Conceptual representation of the vertical subtended angle [22]. 

2.5.3 Horizontal Subtended Angle 
 Similar to the vertical subtended angle, the horizontal subtended angle calculates the observer’s 

horizontal field of view from the point of observation, as shown in Figure 8. 

 
Figure 8. Conceptual representation of the horizontal subtended angle [22]. 

2.5.4 Visibility of the Site 
 Finally, using the calculations discussed above, the visibility of the site is determined.  The visibility 

of the site determines the number of wind turbines visible from the point of observation.  This work 
investigates and presents the number of wind turbines visible from different observation distances of the 50 
MW wind power plant. 

3. Results and Discussion 
The microscale wind resource map at 137 m agl (10 x 10 km2 grid, with a resolution of 90 m), including 

the positions of the 20 wind turbines at the location of the potential 50 MW wind power plant, is presented in 
Figure 9.  It can be seen that the wind speeds over the study area varied in the range of 4 to 8 m/s.  However, 
the wind speeds near the wind turbines range from 5 to 7 m/s. 

This section presents and discusses the results of the noise levels, the shadow flicker, and the zones of 
visual influence.  Many studies carried out by governments and organizations worldwide have suggested safe 
noise levels for wind power plant operations.  In its report, the Environmental Protection Agency of Europe 
[24] has defined a 45 dBA or a maximum increase of 5 dBA above background noise at nearby noise-sensitive 
locations as allowed sound levels for normal places.  Otherwise, in low-noise environments where background 
noise is less than 30 dBA, the allowed limit is 35 to 40 dBA. 

Similarly, a report from the Energy Department of South Africa defines 35 to 40 dBA as the allowed 
operating sound levels for wind power plants [25].  For its part, the South Australian state government has 
allowed noise levels of 35 dBA for rural areas and 40 dBA for other areas, or in general, the noise level should 
not exceed more than 5 dBA compared to the background noise of the area [26]. 

In Thailand, the Department of Pollution Control has defined an acceptable noise level of 50 dBA or a 
noise level that is less than 10 dBA above the background noise [27].  Hence, a noise level of 35 to 50 dBA is 
generally allowed in various jurisdictions. 
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Figure 9. Microscale wind resource map at 137 m above ground level (10 x 10 km2 grid, with a resolution of 90 m), 

including the positions of the 20 wind turbines at the location of the potential 50 MW wind power plant. 

Figure 10 presents the noise emission contours for the potential 50 MW wind power plant in northeastern 
Thailand.  It was found that the maximum noise occurred at less than 50 dBA.  It can also be observed that the 
noise emissions are higher near each wind turbine.  Thus, the noise emission levels reduce significantly with 
the distance of each wind turbine.  This is because the noise emitted by the operation of a wind turbine under 
varied wind resources is attenuated by geometrical divergence, atmospheric absorption, ground effects, 
barriers, and other effects like foliage and areas of buildings, as well as due to the meteorological impacts. 

Table 2 shows the noise produced by each wind turbine of the potential 50 MW wind power. In 
contrast, Table 3 illustrates the noise levels and the area affected by certain noise levels compared to the 10 x 10 km2 
computational grid.  The wind turbines produce between 46.5 - 47.5 dBA noise levels, well below the allowed 
level of 50 dBA in Thailand.  Apart from this, most of the area around the potential wind power plant is affected by 
relatively low noise levels, and only a small area of 5.9 km2 (1.3% of the area studied) is in the range of 41 - 50 dBA. 

Similar to the noise emission levels, the shadow flicker is another important aspect affecting the social 
acceptance of a wind power plant.  Few countries and states have introduced legislation to limit the shadow 
flicker caused by wind farms.  Governments in Australia, England, Ireland, and many other countries require 
that the shadow flicker of wind power plants be below 30 hours/year and 30 minutes/day [28, 29].  So far, 
Thailand has not introduced any specific legislation for shadow flickering of wind power plants.  Table 2 also 
shows the shadow flicker of each wind turbine on an annual basis. In contrast, Table 4 shows the area affected 
by the shadow flicker of the potential wind power plant in comparison to the 10 x 10 km2 computational grid.  
While the majority of the area studied has no shadow flicker (73.7% of the area studied) or less than 10 hours 
per year (11.9% of the area studied), shadow flicker of an individual wind turbine is in the range of 50 
hours/year for nearly 10% of the area studied.  Less than 2% of the area studied has shadow flicker above 100 
hours per year.  Figure 11 summarizes the shadow flicker in graphical form, confirming that the shadow flicker 
for all wind turbines is well within the 1000 m buffer zones established for each wind turbine.  Thus, the 
shadow flicker should have limited impacts on the population. 

Finally, the visual impact of wind energy developments is highly related to the quality of the 
landscape and the perception of the residents living around it.  Wind energy developments face opposition in 
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high-value aesthetic landscapes and are well-accepted in areas with lower aesthetic values. Similarly, some 
people feel annoyed due to the wind turbines obstructing the field of view, while others consider it a positive 
addition to the landscape.  Table 2 provides the zone of visual influence for each wind turbine, while Figure 
12 shows different areas with the number of wind turbines visible.  Generally, between 15 and 20 turbines are 
visible from observation points surrounding the potential wind power plant. 

Table 2. Noise emission levels, shadow flicker, and zones of visual influence of the potential 50 MW wind power plant. 

Turbine Noise (dBA) Shadow Flicker (hours/year) Zone of Visual Influence (Turbine) 
WTG 1 47.10 102.4 17 
WTG 2 47.57 87.4 15 
WTG 3 47.69 78.4 20 
WTG 4 47.72 93.9 20 
WTG 5 47.73 140.0 20 
WTG 6 47.72 88.8 20 
WTG 7 47.68 83.0 20 
WTG 8 47.70 133.8 20 
WTG 9 47.66 71.8 20 
WTG 10 47.12 62.5 20 
WTG 11 46.81 60.0 12 
WTG 12 47.35 85.0 20 
WTG 13 47.60 116.0 20 
WTG 14 47.42 95.8 15 
WTG 15 47.41 124.5 20 
WTG 16 47.52 136.3 20 
WTG 17 47.18 98.9 20 
WTG 18 46.50 74.9 10 
WTG 19 46.79 50.8 20 
WTG 20 46.82 85.7 20 

Table 3. The area is affected by the noise emissions of the potential 50 MW wind power plant compared to 
the 10 x 10 km2 computational grid. 

Noise (dB(A) Area (km2) % 
> 0 17.66 4.4 

1.0 - 10.0 131.24 32.8 
11.0 - 20.0 150.22 37.6 
22.0 - 30.0 69.91 17.5 
31.0 - 40.0 25.80 6.5 
41.0 - 50.0 5.89 1.3 

Table 4. The area affected by shadow flicker of the potential 50 MW wind power plant. 

Shadow Flicker 
(hours/year) 

Area (km2) % Cumulative (%) 

No shadow flicker 73.7 73.7 73.7 
0.1 - 10 11.9 11.9 85.6 

10.1 - 100 9.7 9.7 95.3 
100.1 - 200 2.8 2.8 98.1 
200.1 - 300 1.1 1.1 99.2 
300.1 - 400 0.5 0.5 99.7 
400.1 - 500 0.3 0.3 100 
500.1 - 600 0.02 0.02 100 
Total Area 26.3 100.0 100 
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Figure 10. Noise emission contours of the 20 wind turbines composing the potential 50 MW wind power plant. 
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Figure 11. Shadow flicker of the potential 50 MW wind power plant. 
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Figure 12. Zone of visual influence of the potential 50 MW wind power plant. 
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4. Conclusions 
Onshore wind power plants are important renewable energy sources and will be crucial for countries 

like Thailand to transition to green, non-GHG-emitting energy.  But despite being the most popular renewable 
energy source, onshore wind power plants are susceptible to public opposition due to their environmental 
impacts.  Onshore wind power plants face acceptance issues due to noise and shadow flicker disturbances 
they cause in their vicinity.  In addition, their visual impacts are also considered undesirable, especially in 
highly aesthetic-valued areas where it is believed to have a profound effect on the land value.  Therefore, it is 
vital to fully understand and address these issues while developing a wind power plant in an area to avoid 
conflicts and develop wind resources sustainably.  This research aimed to assess the noise emission levels, the 
shadow flicker, and the visual impacts of a potential 50 MW wind power plant located in the Nakhon 
Ratchasima province of northeastern Thailand. 

The WindFarmer simulation model [22] assessed the noise emission levels, the shadow flicker, and 
the zones of visual influence of the wind power plant.  With noise levels of 46.5 to 47.5 dBA, the wind power 
plant would be well within the allowable range of 50 dBA.  Similarly, it also has a good shadow flicker profile 
of less than 10 hours/year for most of the area surrounding the site, way below the value of 30 hours/year seen 
in other jurisdictions.  Finally, the results of the zones of visual influences indicate that between 15 and 20 
wind turbines are visible from observation points surrounding the potential wind power plant.  The results 
applied to this case study suggest that the potential wind power plant is well-suited regarding its 
environmental impacts and should typically not incur negative impacts for the local communities.  Studies 
like these are vital to gaining the trust of the communities living near wind power plants to address their 
concerns and minimize opposition. 

  On a broader scale, the method used in this study can be employed in any other part of the world to 
assess and better plan the development and installation of onshore wind power plants.  Beyond the technical, 
economic, and environmental aspects of wind power plants, future investigations should look at the impacts 
of wind turbines and wind power plants on biodiversity and the social acceptance of wind power plants.  
Understanding these issues better should identify mitigation strategies in wind energy development as an 
important component of the energy transition. 
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Abstract: Non-O157 Enterohaemorrhagic Escherichia coli (EHEC) has become 
a major public health concern all around the globe. This study investigated the 
E. coli serogroup O45 from raw meats in southern Thailand using the 
immunomagnetic separation approach (IMS). Forty-nine E. coli O45 strains 
were obtained from 13 positive meat samples (13/105), showing the prevalence 
of O45 contamination as 12.4%. They were not members of EHEC. Exploration 
of other virulence genes exhibited that fimH, responsible for bacterial 
adherence, was found in all strains, while astA encoding for EAST-1 toxin was 
63.2% of the strains. Moreover, lpf encoding long polar fimbriae was found as 
30.6%. Phylogenetic group analysis revealed that the majority of E. coli O45 
belonged to group D (88%), followed by group A (8%) and group B1 (4%). 
However, none belonged to group B2. The intactness of stx2-phage integration 
sites showed that sbcB was occupied by prophages at the highest rate, followed 
by the Z2577 site. Antimicrobial susceptibility assay demonstrated relatively 
high bacterial resistance to cephalothin (78%), streptomycin (51%), 
cotrimoxazole (39%), tetracycline (31%), and chloramphenicol (23%). 
Furthermore, multi-drug resistant ability was uncovered in O45 strains at 49%. 
DNA profiling of E. coli O45 by BOX-PCR analyzed at 80% genetic similarity 
revealed 5 distinguishable clusters. More importantly, the strains from 
different samples and time intervals showed identical DNA fingerprints, 
suggesting that they may have originated from the same bacterial clone. 

Keywords: Escherichia coli, O45, raw meat, Thailand, EHEC 

1. Introduction 
Diarrheal disease plays an important role as a public health problem, 

accounting for about 11% of child deaths worldwide, making diarrhea the 
second leading cause of mortality among children under 5 years of age [1]. 
Among the diarrheagenic E. coli (DEC) group, enterohaemorrhagic E. coli 
(EHEC) is the most important pathotype in human infections, showing the 
most devastating effect on the host. Only < 100 cells of EHEC are enough to 
cause illness [2].  

EHEC, containing the cardinal virulence factors Shiga toxins (Stxs), is 
capable of causing food poisoning outbreaks in both the western and eastern 
hemispheres [3-5]. The symptoms of patients infected by EHEC vary from 
bloody diarrhea to renal failure and death [6]. Renal failure occurs when Stx is 
internalized into kidney cells through the cellular membrane-specific receptor 
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globotriaosylceramide (Gb3). After one adenine residue from 28S ribosomal RNA of 60S ribosomal subunit is 
removed, it inhibits protein synthesis [7].  

Even though the EHEC serotype O157:H7 is the most crucial, EHEC in serotypes other than O157:H7 
has recently attracted attention and is involved with severe human diseases [8]. There are 6 important EHEC 
serotypes (also called the big six) that have been demonstrated to carry stx genes, O26, O45, O103, O111, O121, 
and O145. These EHEC serotypes show a striking ability to cause sporadic infections and outbreaks in many 
countries worldwide. Although EHEC O45 infections were less found than serotype O157, the strain that 
carries stx is also thought to cause severe morbidity and mortality. 

Natural reservoir hosts of EHEC are ruminants, especially cattle, that carry EHEC in their gut without 
pathological symptoms [9]. There are many routes of EHEC transfer from animals to humans, and the 
contamination through raw meats during slaughtering processes is one of the potential routes transferring 
EHEC to humans. Thus, raw meats, especially beef, are the important EHEC vehicles [10].  

Although several EHEC serotypes are well-studied, a lack of information regarding the prevalence 
and characteristics of EHEC serotype O45 is documented in Thailand. Thus, this study aimed to investigate 
its prevalence, virulence profile, antimicrobial susceptibility, and the genetic similarity of EHEC O45 strains 
from meats marketed in southern Thailand. The data obtained in this study could provide information on 
possible infections and outbreaks of EHEC O45 in the southern area of Thailand and neighboring countries. 
This is essential from a public health standpoint. 

2. Materials and Methods 
2.1 Sample collection and immunomagnetic separation (IMS) of E. coli O45 from raw meats 

To obtain E. coli O45 from raw meats, the IMS technique was carried out as previously described [11]. 
Raw meat samples, e.g., beef, chicken, and pork, were collected from 8 fresh markets throughout Hat-Yai City, 
Songkhla province, Thailand, and processed within 2 hours after collection. Briefly, 50 g of raw meat was 
homogenized with 450 ml of tryptic soy broth (TSB) for 1 minute. The liquid phase was obtained aseptically 
in a sterile bottle and incubated at 37ºC for 6 hours statically. Afterward, 1 ml of the enriched culture was 
transferred to a 1.5 ml sterile tube and mixed with 15 μl O45-specific immunomagnetic beads (Dynabeads, 
Thermo Scientific, USA) for 30 minutes with a gentle tube inverted every 5 minutes. The magnetic concentrator 
harvested the immunomagnetic beads-bacteria complex and washed it with 500 μl of phosphate buffer saline, 
pH 7.4 (PBS). Subsequently, it was re-suspended in 100 μl PBS, streaked on eosin methylene blue (EMB) agar, 
and incubated at 37ºC for 18 hours. For further analyses, ten to twenty green metallic sheen colonies were 
selected and kept at -80ºC (using 10% (v/v) glycerol as a cryoprotectant). 

 
2.2 Genomic DNA preparation 

Bacterial genomic DNA (gDNA) was extracted using boiling [12]. In brief, a single bacterial colony 
was grown in 3 ml of TSB at 37ºC for 3 hours with aeration (150 rpm orbital shaking). One ml of bacterial 
culture was boiled for 10 minutes, immediately immersed on ice for 5 minutes, then centrifuged at 11,000 g for 
5 minutes. To prepare the PCR template, a ten-fold dilution of boiled supernatant was carried out using sterile 
deionized water (10-μl boiled supernatant: 90-μl sterile deionized water). 

 
2.3 Identification of E. coli O45 

For the identification of E. coli O45, PCR targeting the wzyO45 gene was performed. A 25-μl PCR 
reaction mixture was composed of 3.0 mM MgCl2, 0.1 mM of dNTPs, 0.4 μM of forward and reverse primers 
(Table 1), 1X GoTaq Flexi green buffer, 0.5 unit of GoTaq DNA polymerase (Promega, USA) and 2 μl of DNA 
template. Thirty-five cycles composing denaturation at 94ºC for 1 min, annealing at 50ºC for 1 min, and 
extension at 72ºC for 1 min were carried out in T100TM Thermal Cycler (Bio-Rad, Hercules, CA, USA). 
Amplicons were analyzed in 1.0% agarose gel electrophoresis, stained with ethidium bromide, and visualized 
under the WSE-5200 Printpraph 2M gel imaging system (ATTO Corp., Tokyo, Japan). The uidA gene specific 
for E. coli was also performed to confirm the being of E. coli. 
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2.4 E. coli pathotype classification and detection of virulence genes 
Pathotype classification was investigated since E. coli in serogroup O45 tend to be a member of 

enterohaemorrhagic and Shiga toxin-producing E. coli (STEC). Indicator genes for 6 DEC categories were 
examined by PCR as following criteria, stx+eae for EHEC; bfp+eae for typical enteropathogenic E. coli (tEPEC) 
or eae alone for atypical enteropathogenic E. coli (aEPEC); est/elt for enterotoxigenic E. coli, ETEC; aggR for 
enteroaggregative E. coli, EAEC; ipaH for enteroinvasive E. coli, EIEC; daaE for diffusely adherent E. coli, DAEC 
(Table 1). Thermal cycling conditions were as follows: pre-heated at 95ºC for 3 minutes followed by 35 cycles 
of denaturation at 94ºC for 1 minute, annealing at 40ºC (for est), 50ºC (elt, aggR, stx2), 55ºC (stx1, eae, daaE), 60ºC 
(for ipaH), and extension at 72ºC for 1 minute except for eae for 70 seconds. The reactions were finalized at 72ºC 
for 5 minutes. Amplicons were analyzed as described above. Other E. coli virulence genes of astA, agn43, cnf1, 
hlyA, fimH, and lpf were investigated using PCR with appropriate primer pairs (Table 1). PCR components 
and conditions were the same as mentioned above except the annealing temperature as follows: 50ºC (for 
astA), 55ºC (fimH, lpf), 58ºC (cnf1, hlyA), and 67ºC (for agn43) for 1 minute. 

 
2.5 Phylogenetic group classification of E. coli O45 

The phylogenetic group might indicate the virulence capability of E. coli to some extent. Therefore, E. 
coli O45 was investigated for their phylogenetic groups in this study. Determination of the phylogenetic group 
was performed as described previously [23]. PCR targeting chuA, yjaA, and TspE4.C2 fragment was employed. 
The thermal cycling condition was pre-heated at 95ºC for 3 minutes, followed by 35 cycles of denaturation at 
94ºC for 50 seconds, annealing at 54ºC for 50 seconds, and extension at 72ºC for 30 seconds. The reaction was 
finalized at 72ºC for 5 minutes. PCR products were analyzed as described above. Bacterial phylogenetic group 
classification was interpreted, followed by Clermont et al. [23]. 

 
2.6 Investigation of stx2-phages occupancy in E. coli O45 

Five E. coli genes, sbcB, wrbA, yecE, yehV, and Z2577, are essential sites for stx2-phages to insert [32]. 
Thus, the intactness of all 5 genes was investigated by PCR using the components and condition described 
above except the different primers (Table 1) with the following annealing temperatures: 47ºC for wrbA, 50ºC 
for sbcB and yehV, 53ºC for Z2577, and 60ºC for yecE. The PCR products were analyzed by agarose gel 
electrophoresis as described above. If the stx2 phage occupied a particular locus, PCR amplification was not 
allowed because of the large stx2 phage genome. 

 
2.7 Antimicrobial susceptibility assay 

The disk diffusion method explored the antimicrobial susceptibility profile [33]. Briefly, a single 
colony was grown in 3 ml of Mueller-Hinton broth (MHB) at 37ºC for 3 hours with aeration. Then, the culture 
was centrifuged at 8,000 g for 30 seconds to obtain the cell pellet. The solution was adjusted to 0.5 McFarland 
turbidity standards (approximately 1.5 x 108 cfu/ml) by densitometer (Biosan, Latvia) using 0.85% (w/v) 
sodium chloride solution (NSS). The adjusted bacteria were swabbed on the surface of Mueller-Hinton agar 
(MHA). Ten crucial antimicrobial agents, amikacin (30 μg), cephalothin (30 μg), chloramphenical (30 μg), 
fosfomycin (200 μg), gentamicin (10 μg), imipenem (10 μg), kanamycin (30 μg), streptomycin (10 μg), 
tetracycline (30 μg) and trimethoprim/sulfamethoxazole (25 μg) were applied. The plates were incubated at 
37ºC for 18 hours. Vernier caliper measured clear zone and interpreted followed CLSI [33]. 
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2.8 Genetic relationship of E. coli O45 

DNA profiling of E. coli O45 was investigated by BOX-PCR [34]. Genomic DNA (gDNA) was obtained 
using a mini-prep spin column (Geneaid, Taipei, Taiwan). BOX-PCR was carried out in a 25-μl reaction 
mixture consisting of 0.2 μM of BOXA1R primer (Table 1), 0.2 mM dNTPs, 1X GoTaq Flexi green buffer, 3.0 
mM of MgCl2, 1.25 units of GoTaq DNA polymerase, and 50 ng of DNA template. The thermal cycler condition 
was set with an initial denaturation (95ºC for 3 minutes) followed by 30 cycles of denaturation at 94ºC for 3 
seconds and 92ºC for 30 seconds, annealing at 50ºC for 1 minute, and extension at 65ºC for 8 minutes. The 
amplification products were analyzed using 1.5% agarose gel electrophoresis for 1.5 hours at 90V and imaging 
as described above. Dendrograms for O45 were constructed using an unweighted pair-group method of 
arithmetic average (UPGMA) (Bioprofile software, France). 

 

2.9 Statistical analysis 
Data were analyzed using SPSS for Windows version 11.0 (SPSS, USA). One-way ANOVA was 

employed to analyze significant differences in E. coli O45 prevalence among meat types. Significance was set 
at p-value < 0.05. 

3. Results and Discussion 

3.1 Prevalence of E. coli O45 in raw meat samples 
 1,890 suspected isolates were obtained from 105 meat samples during E. coli O45 investigation by IMS. 
It exhibited that 49 of 1,890 from 13 samples (prevalence of 12.4%) were positive for E. coli O45 (Table 2). The 
rate of IMS-associated O45 detection in this study was in concordance with the work from Sirikaew et al. [32] 
and Wamaedesa et al. [35] that investigated the presence of E. coli O26 and O104 from raw meats by IMS and 
found the high prevalence of 12% and 17%, respectively. Therefore, these results suggest that E. coli in the 
serogroup O45 exists in southern Thailand in relatively high prevalence. The higher prevalence of E. coli O45 
in chicken samples (29.6%) over pork (14.3%) and beef (2%) in this study is thought to be varied, depending 
upon individual study [32]. In this study, IMS was employed to assist in isolating E. coli O45 from meat 
samples. This IMS method is approximately 100-fold more effective than the conventional culture method for 
isolating target microorganisms [36]. Lozinak et al. [37] investigated the existence of Shiga toxin-producing E. 
coli (STEC) from several food samples, including raw meat in the United States, using real-time PCR and found 
E. coli O45 and O111 from raw chicken. The Ct value of E. coli O45 was much lower than E. coli O111, suggesting 
that E. coli O45 may be predominant in the culture. Nevertheless, at such contamination rates, the conventional 
culture method may not isolate E. coli O45 from the samples. Therefore, the IMS method using an antibody-
coated magnetic bead is an essential process and must be applied for EHEC/STEC isolation. 

3.2 Pathotype classification and virulence gene of E. coli O45 
 Even though E. coli O45 in this study did not belong to any DEC pathotypes, but they were possibly 
equipped with some other virulence genes. Thus, E. coli O45 strains were examined for their virulence genes, 
and the results revealed that fimH (encoding type 1 fimbrail tip responsible for bacterial adherence) was found 
in all O45 strains (100%). The astA gene encoding for enteroaggregative heat-stable enterotoxin 1 (EAST-1) was 
63.2% (31 of 49 isolates). Additionally, lpf encoding long polar fimbriae was found at 30.6% (15 of 49 isolates) 
(Figure 1A). FimH is a virulent factor conferring autoaggregation, leading to the colonization of bacteria by 
the host [38]. At the same time, the long polar filaments play a crucial role in bacterial adhesion in E. coli 
O157:H7, including other pathogenic E. coli strains [39, 40]. These two virulence factors are very important for 
the early step of bacterial pathogenesis. Our results are in concordance with the study of Tiba et al. [41] and 
Van et al. [42] that revealed the high prevalence of fimH as 97.5% of 162 UPEC strains isolated from patients 
with cystitis and 92.1% of 38 multidrug-resistant strains isolated from raw meats and shellfishes sold in 
Vietnam. In addition, EAST-1, widely distributed among diarrheagenic E. coli, has been implicated in many 
outbreaks [43]. This suggests that although some E. coli strains are absent in indicative genes for DEC, they 
may carry other virulence genes responsible for pathogenesis. Hence, the presence of these genes in E. coli O45 
in our study is noteworthy; they are virulent strains and potentially cause problems after consumption. 
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Table 2. Prevalence of E. coli O45 in raw meats, Hat-Yai, Thailand. 

Uppercase letters (A, B, AB) indicate significant differences (p-value < 0.05) among 3 types of raw meat in E. coli O45. 

 
Figure 1. Investigation of virulence genes (A), phylogenetic group classification (B), determination of stx2-

phage integration intactness (C), and examination of antimicrobial susceptibility profiles (D) of 49 E. 
coli O45 from meats. AK, amikacin; C, chloramphenicol; CN, gentamicin; FOS, fosfomycin; IPM, 
imipenem; K, Kanamycin; KF, cephalothin; S, streptomycin; SXT, cotrimoxazole; T, tetracycline. 

3.3 Phylogenetic group classification of E. coli O45 
 The phylogenetic group could, in part, indicate the virulence capability of E. coli. The results 
demonstrated that the majority (43 of 49 strains) of E. coli O45 belonged to group D (88%) followed by group 
A (4 of 49 strains, 8%) and B1 (2 of 49 strains, 4%) but none belonged to group B2 (Figure 1B). Based on the 
phylogenetic group study from Dezfulian et al. [44], they demonstrated that the virulent strains of 
extraintestinal pathogenic E. coli (ExPEC) isolated from animal foods were found mainly to belong to groups 
B2 and D. In contrast, commensal strains belonged to group A and B1. This criterion was also applied to E. coli 
strains in this current study. Focusing on E. coli non-O157 in our previous studies, although some non-O157 
groups such as E. coli O26 and EAEC O104 were found to be avirulent strains (most of the strains are members 
of phylogenetic group A and B1, respectively) [32, 35], E. coli O45 strains in this present study are thought to 

Serotype Source 
Number of positive samples/ 
Total number of samples (%) 

Number of positive isolates/ 
Total number of isolates (%) 

O45 Beef 1/50A (2) 2/933 (0.2) 
 Chicken 8/27B (29.6) 41/495 (8.3) 

 Pork 4/28AB (14.3) 6/462 (0.9) 

 Total 13/105 (12.4) 49/1,890 (2.6) 
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be virulent. This result concurs with aEPEC O145 isolated from the same geographical area belonging to 
phylogenetic group D [45]. 

3.4  Investigation of stx2 phages occupancy in E. coli O45 
 The stx2-phage carries the stx2 gene to the genome of E. coli through specific integration sites and 
makes it become EHEC/STEC. Once stx2-phage occupies a specific site, no other phages can occupy such a site 
again. In this study, we investigated the intactness of 5 specific genes reported to be frequently occupied by 
stx2-phage using PCR. The results revealed that in E. coli O45, the highest non-intact gene was sbcB (47 strains), 
followed by Z2577 (13 strains) and wrbA (10 strains), suggesting that these sites had been occupied by some 
prophages (Figure 1C). However, yecE, and yehV were still intact in most O45 strains. A high number of 
occupied sbcB genes in this study is in harmony with our previous work that showed E. coli O157:H7 strains 
from beef had sbcB gene occupied [46]. In the study, 41 bovine-origin E. coli O157 and non-O157 strains from 
Thailand from 1998 to 2012 were investigated for intactness of stx2-phage integration sites and found that 40 
strains (97.56%) revealed the sbcB gene occupancy. Integration of prophages is reported to play a key role in 
E. coli O157:H7 evolution and can increase its pathogenesis [47]. Prophage integration occurs through site-
specific recombination or transposition. Housekeeping genes or regions close to tRNA genes are uncovered to 
be the sites for prophage integration [48]. It was reported that prophages preference integration sites in E. coli 
O157:H7 from Spain and sorbitol-fermenting E. coli O157: NM (non-motile) are yehV and yecE, respectively 
[49, 50]. However, in the current study, yecE and yehV are still intact in most O45 strains, suggesting the 
possible integration of stx2-phage into these sites, reinforcing the O45 strains to be more powerful. 

3.5  Antimicrobial susceptibility of E. coli O45 
 A widespread antimicrobial resistance is a big trouble for public health. In this current study, the 
results exhibited a high proportion of E. coli O45-resistant strains. Most of the strains were found to be resistant 
to cephalothin (78%), followed by streptomycin (51%), cotrimoxazole (39%), gentamicin (33%), tetracycline 
(31%), and chloramphenicol (23%), (Figure 1D). Additionally, when focused on the multi-drug resistant 
(MDR) strains, defined by the capability of resisting at least 3 antimicrobial classes, we found an MDR of 49%, 
which was considered relatively high. Antimicrobial-resistant capability can be emerged and transferred 
among bacterial species. The spread of this resistant capability is now becoming a problem worldwide owing 
to the frequent use of therapy, including prophylaxis and animal growth promotion [51]. The high level of 
antimicrobial-resistant phenotypes in E. coli O45, especially cephalothin, and tetracycline, in this current study 
is not surprising. Kim & Woo [52] demonstrated the antimicrobial resistance of E. coli collected from 
conventional and organic vegetables. They showed high cephalothin resistance at 67.8% and 71% in organic 
and conventional vegetables, respectively. In addition, streptomycin, cotrimoxazole, and tetracycline 
resistance were detected at high rates.  
 Due to the inexpensiveness of tetracycline, it has been extensively used for prophylaxis and illness 
therapy of humans and animals. Also, at sub-therapeutic levels, it is used as an animal growth promoter [53]. 
The study from Vietnam demonstrated that tetracycline was the most frequent antimicrobial resistance in raw 
meats [42]. More importantly, tetracycline-resistant genes are effectively transferred among bacterial species. 
Therefore, the ineffectiveness of this antimicrobial agent for treatment should be addressed in the case of 
infection by E. coli from meat consumption. 
 
3.6  Genetic relationship of E. coli O45 
 The genetic relationship of E. coli O45 strains in this study was carried out using BOX-PCR as a source 
tracking tool (Figure 2). It was found that E. coli O45 could be distinguished into 5 distinct clusters based on 
80% genetic similarity (Figure 3). Dendrogram analysis exhibited identical DNA fingerprints among strains 
from beef, pork, and chicken collected from different samples and time intervals, suggesting that they were 
closely related or may have originated from the same bacterial clone. Such a clone may circulate in the Thai 
environment throughout a period. 
 In bacterial typing, interspersed repetitive-element PCR (rep-PCR) is extensively employed since 
repetitive elements dispersed throughout the bacterial genome are highly conserved. Among repetitive 
elements, BOX elements help generate reliable and reproducible fingerprints. Of the BOX subunits comprising 
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boxA (57 bp), boxB (43 bp), and boxC (50 bp), only boxA is highly conserved among different bacterial species 
[31]. Therefore, in this study, a specific nucleotide primer BOXA1R targeting boxA was applied in BOX-PCR. 
A fluorescent-BOX-PCR has also been developed for subtyping E. coli and Bacillus cereus [54], exhibiting 
resolution power and discriminatory power higher than traditional BOX-PCR. 
 

 
 

Figure 2. A DNA fingerprint was generated by BOX-PCR of 24 different surrogates of E. coli O45 isolated from 
raw meat samples collected in Hat-Yai, southern Thailand. PCR was performed using primers listed 
in Table 1 and analyzed by 1.5% agarose gel electrophoresis. Lane M, 2-log DNA markers; lane 1 to 
24 are M48.5, C57.1, C57.2, C57.9, C58.18, P60.5, P63.5, C64.5, C64.6, C64.8, C71.6, C72.7, C72.19, 
P76.4, P76.20, C78.6, C78.10, C78.16, C80.1, C80.4, C80.15, C80.18, C87.1, P95.1, respectively. C, 
Chicken sample; P, Pork sample; B, Beef sample. 

 

 
Figure 3. BOX-PCR-based dendrogram of 24 surrogates E. coli O45 strains from raw meat samples collected in 

Hat-Yai, Songkhla, southern Thailand. DNA profiles were generated by BOX-PCR using boxA. The 
dendrogram was constructed using an unweighted pair-group method of arithmetic average 
(UPGMA) (BioProfile software; Vilber Lourmat, Torey, France) and cut off at 80% similarity. 
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4. Conclusions 
There is a contamination of E. coli O45 in meats at high levels. Even though O45 strains in this study 

are not in the EHEC/STEC group, some contain virulence factors and belong to phylogenetic group D, 
indicating the potential to cause illnesses. Moreover, they are resistant to numerous antimicrobial agents, and 
almost half of them show a multi-drug resistant phenotype and the possibility of gaining a stx2-phage that 
makes them more dangerous in the future. These data are important from a public health standpoint. 
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Abstract: The induction of diploid gynogenesis in the Tropical oyster, 
Crassostrea belcheri 1873, was carried out through two main experiments: 1) the 
destruction of spermatozoa DNA using ultraviolet (UV) irradiation, and 2) the 
induction of gynogenetic diploids. UV light source was placed 30 cm over the 
sperm for various durations, including 0 (control), 30, 60, 90, and 120 seconds. 
The study revealed that the highest survival rate was observed in trochophore 
at 90 minutes (42.5 ± 2.50%) compared to the normal control C. belcheri (p>0.05). 
Based on cytogenetic study, haploid (n=10), diploid (2n=20), and aneuploid 
were observed in all trials, while only diploid (2n=20) could be seen in the 
control group. Diploid gynogenesis was induced using 100 µmol 6-DMAP for 
10 minutes. The study found that the survival rate and developmental stages 
in both trochophore and D-shape were gradually decreasing as the duration of 
UV rays increased. The highest survival rate of trochophore in the control 
group was 75.20 ± 4.84%, while survival rates in other experimental groups 
ranged from 52.22 ± 4.82% to 59.33 ± 13.57%. However, regarding the survival 
rate of D-shape larvae, their survival rates were relatively low across all trials. 
They displayed abnormal embryo development, distorted shape, unnatural 
swimming, and were smaller than normal (40-50 µm). Moreover, haploid 
(n=10), diploid (2n=20), triploid (3n=30), tetraploid (4n=40), and aneuploid 
were observed in all trials, while only diploid (2n=20) could be discovered in 
the control group. However, gynogenesis in this tropical oyster is still limited 
at this time. Therefore, suitable conditions for inducing gynogenesis in oysters 
should be further developed. 
 
Keywords: Gynogenesis; Crassostrea belcheri; UV-irradiated sperm; 6-DMAP; 

UV rays 

1. Introduction 
Diploid gynogenesis is a biotechnological method of manipulating 

chromosome sets in marine animals. This production strategy has an 
advantage over conventional methods as it only produces genetically identical 
females by destroying DNA in the spermatozoa using the UV irradiation 
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method [1, 2]. Research on artificial gynogenesis with ultraviolet light-irradiated sperm in the Pacific oyster, 
Crassostrea gigas, has been conducted to study its induction and survival rates [2]. It was found that some 
aquatic organisms such as Haliotis discus hannai, C. gigas, Mulinia lateralis, Mytilus edulis, and M. 
galloprovincialis have higher growth and survival rates in females, which is attributed to their high market 
demand compared to males [3]. The sexual transformation from male to female can be observed in bivalves 
and gastropods such as H. discus hannai, C.gigas, M. lateralis, M. edulis, M. galloprovincialis, and Chlamys farreri 
[4]. It is noteworthy that male C. belcheri can become female after its first breeding, and this sex change can 
occur once or multiple times during a breeding season depending on environmental factors such as 
temperature and food availability [5]. 

Some research demonstrated that mature females weigh more than males, indicating a faster growth 
rate in females [6]. Males also have a higher mortality rate than females, which could be related to changes in 
the sea [7]. It has been reported that diploid gynogenesis can be achieved in mollusk species such as Haliotis 
diversicolor, H. discus hannai, C.  farreri, M.  edulis, M. galloprovincialis, and M.  lateralis through cold shock 
treatment, cytochalasin B, and 6-dimethylaminopurine [8-13]. However, the application of this technique in 
the economically important C.  belcheri species in Thailand have not yet been reported. Therefore, this study 
aimed to apply diploid gynogenesis to this oyster species to promote its production and the aquaculture 
industry in the country. The successful implementation of this technique will contribute to the production of 
genetically identical female shellfish. 

2. Materials and Methods 
In this study, Four females and one male of the mature C. belcheri (shell width 12.5 ± 0.2 cm; shell 

length 11.8 ± 0.3 cm.) were purchased from a farmer farm in Trang Province and were thoroughly washed to 
remove all dirt from the shell. The oysters were then transferred to a semi-closed recirculation system for 
cultivation. The oysters were fed with single-cell algae such as Isochrysis galbana, Chaetoceros calcitrans, and 
Tetraselmis suecica at a rate of 3% calculated by dry meat weight, as described by [14]. The maturity of the 
oysters was monitored routinely for up to 4 weeks. To examine the maturity of the shellfish, their gametes 
were collected and analyzed under a light microscope (Motic, Spain) following sampling and dissection, as 
described by [15].  
 

2.1 Egg preparation 
After inducing mature C. belcheri broodstock with cold shock at 19 °C to release their gametes, the 

suspension of eggs at a concentration of 1x105 eggs/ml was filtered through a 70-90 µm pore size filter and 
transferred to a clean container with 25 psu seawater. 

2.2 Seminal fluid preparation 
 The seminal fluid generated in seawater was filtered through a 20-30 µm pore size to eliminate grease 
and dirt before being stored in a clean, dry container. Next, the fluid was diluted with 0.85% NaCl at a ratio of 
1:9 (fluid:0.85% NaCl). To prepare a sample for UV radiation, 1 mL of the diluted fluid was transferred to 15 
petri dishes with a diameter of 8 cm each. 

2.3 Exposure of the seminal fluid to UV light and gamete fusion (fertilization) 
The petri dishes containing the diluted fluid were subsequently exposed to a 30-watt UV lamp at a 

distance of 30 cm for 0 (control) , 30, 60, 90, and 120 seconds. After exposure, the diluted fluid from each petri 
dish was combined with eggs prepared on filtered cloth about 50-60 µm pore size for 15 to 30 minutes before 
diploid induction. 

2.4 Induction of gynogenetic diploids  
1. Diploid gynogenesis induction 
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    At the designated time, 100 µmol of 6-DMAP was added to the sample on each plate and left to 
incubate for 10 minutes and 30 minutes post-insemination. This concentration and timing of 6-DMAP for 
treatment was based on that described in the previous research in this oyster [16].  

2. Hatchery and nursery 
      To prevent the larvae from falling to the bottom of the container, they were nurtured in aerated 
seawater (30 psu) for 24 hours (D-shape stage) at an ambient temperature of about 27 ºC following the diploid 
induction. 

3. Data collection 
      One mL of rearing water was collected at 6-8 hours post-fertilization (trochophore larvae stage) to 
determine egg hatching and the percentage of haploid larvae. The survival rate and percentage of induced 
diploid gynogenesis were further examined by metaphase chromosome counting, as described by [17]. The 
experimental design used in this study was a completely randomized design (CRD) with three replicates. 

2.5 Chromosome identification 
The oyster larvae, including the trochophore and D-shape stages, were immersed in 0.05% colchicine 

for 90 minutes. After washing with seawater to remove the chemical, they were treated with 0.075 M KCl for 
40 minutes, followed by a fixative for 5 minutes. Next, 15-20 drops of 50% acetic acid were added to 0.2 mL of 
the sample on a petri dish. After incubation for 20 minutes, the sample was placed on a slide, dried by heating, 
and stained with 10% Giemsa solution for 40 minutes. Finally, the sample was rinsed with water and examined 
under a light microscope to determine the metaphase chromosome count. 

2.6 Data Analysis 
The statistical analysis of all values was performed using a one-way analysis of variance (ANOVA) 

followed by the New Duncan Multiple Range Test. A p-value of less than 0.05 was considered statistically 
significant. 

3. Results and Discussion 
Gynogenesis induction in the tropical oyster Crassostrea belcheri (1873) involves two main steps: 1) UV 

irradiation to inactivate the sperm and 2) gynogenesis induction during the larval stage. 
1) Inactivation of sperm chromosomes using UV-irradiated sperm 

      This experiment was conducted using a UV bulb at a distance of 30 cm, with irradiation 
periods of 0 (control), 30, 60, 90, and 120 minutes. Afterward, normal eggs were mixed with irradiated sperm. 
The highest survival rate of trochophore in the control group was found to be 42.58 ± 12.06%. In contrast, the 
survival rates in the other experimental groups ranged from 32.58 ± 6.66% to 42.50 ± 2.50%, which were not 
significantly different (p > 0.05), as displayed in Table 1. 
 
Table 1. Survival rate of Trochophore after fertilized eggs with UV irradiated semen. 

Note: ns= not significant difference (P>0.05) 
 

Previous reports have documented the induction of diploid gynogenesis. For example, [10] 
investigated gynogenesis induction in the C. farreri using a UV intensity of 256 µW cm−2 s−1 for 30 seconds. 
They found that the egg development rate in the control group was 73.3%, but this rate gradually decreased 
to 33.5% after 30 seconds of exposure. After 60 seconds of irradiation, no development of oocytes was 

Periods (Second) Survival rate (%) 
Control 42.58 ± 12.06ns 

30 32.58 ± 6.66ns 
60 37.17 ± 9.57ns 
90 42.5 ± 2.50ns 

120 36.75 ± 2.82ns 
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observed. On the other hand, [2] reported that sperm DNA destruction in C. gigas could be achieved with 5-6 
minutes of exposure at a UV intensity of 108 erg mm−2 min−1. In contrast, [16] stated that the use of UV-
irradiated sperm from C. gigas for 60 seconds at 72 erg mm−2s−1 could accomplish sperm DNA destruction to 
induce gynogenesis. Our study found that embryonic development occurred with an irradiation time of about 
25 seconds, but the development rate of D-shape larvae reached 0% in this case. The highest survival rate of 
trochophore was observed after 90 seconds of UV exposure, which is consistent with the Hertwig effect caused 
by UV irradiation of sperm in C. farreri [10]. 

Numerous pieces of evidence have been reported on the destruction of genetic material in sperm. It 
has been postulated that the development of oocytes would decline with increasing duration of irradiation, 
resulting in a reduction of the breeding rate, such as the case with the Pacific abalone, H. discus hannai [18]. 
Furthermore, the destruction of sperm at various durations depends on several factors, including the density 
and quantity of sperm, the intensity of the UV light source, and the aquatic animal species being studied. 

The destruction of sperm DNA was examined using a chromosome counting technique with simple 
dyeing. The results showed that the number of chromosomes ranged from 10 to 20, characterized as haploids, 
aneuploids, and diploids. (Fig 1.) 

 
 

 
 
 
 

 

 

 

 

 

 

 

 

 
Figure 1. Metaphase chromosome plates of Trochophore after fertilized eggs with UV irradiated semem:              

haploid=10 (A), aneuploid 11-18 (B-C) and diploid=20 (D) (scale bars=5 μm). 

2) Induction of gynogenetic diploids of larval stage 

     As mentioned above, the results of the first phase indicated that the genetic material of C.belcheri sperm 
was destroyed, and then it was used to fertilize a normal egg. After that, the sample was treated with 100 µM 
of  6-DMAP for 10 minutes, 30 minutes after fertilization, resulting in the successful production of artificial 
polyploid in the tropical oyster (C. belcheri) [16]. In this study, both trochophore and D-shape larvae were 
observed, and the survival rate for trochophore in the control group was 75.20 ±  4.84%, but it gradually 
decreased to 52.22 ± 4.82 - 59.33 ± 13.57% in the 6-DMAP-treated group (Table 2). 

A B 

C D 
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Table 2. Survival rate of gynogenetic diploid Trochophore and D-shape stages. 

Means (± SD) in the same column with different superscripts show significant differences (p<0.05) 

This result is consistent with a previous study by Pan et al. [10], who stated that the survival rate of 
the trochophore stage in the control group was 56.3%, gradually falling to 31.3% with 20 seconds of UV 
intensity. The study also showed that the survival rate of D-shape larvae decreased continually and reached 
0% with 15 seconds of UV intensity. The low survival rate could be attributed to the longer duration of UV 
exposure. [19] conducted a study on gynogenetic diploid induction in C. gigas using Cytochalasin B (CB) at a 
concentration of 0.5 µg/ml, which was found to effectively inhibit cell division during metaphase II when 
combined with caffeine at a concentration of 10 mM and an incubation temperature of 32°C. The study showed 
that the highest production of gynogenetic diploid larvae was achieved at 74.6% and 63.7%, with additional 
production of triploid larvae at 72.7% and 68.1%. However, the D-shape larval survival rate in gynogenetic 
diploid induction was relatively low compared to triploid and diploid larvae [19]. Previous research on 
gynogenetic diploid induction in other bivalves, such as M. edulis, demonstrated that the highest haploid 
results were achieved in 15 minutes [11]. M. galloprovincialis was operated for 2 minutes at 62 erg/mm2 per 
second [12], and H. discus hannai was also studied [9, 20]. However, these studies showed that low production 
of gynogenetic diploid induction might be due to polar body inhibition in the meiosis II process or damage 
from UV-irradiated genetic material. 

This study found that the survival rate of larvae in the D-shape stage was low after 30 and 60 seconds 
of exposure to UV-irradiated sperm, whereas no larvae developed to the D-shape stage after 90 and 120 
seconds of exposure. In addition, upon examining the overall condition of the larvae that were able to develop 
up to the D-shape stage, it was discovered that they exhibited a relatively impaired shape, with deformities 
and smaller sizes of approximately 40-50 µm in comparison to the normal D-shape stage. Some larvae were 
also found to be non-motile. All surviving larvae were investigated for chromosomal characteristics using 
conventional staining to quantify the number of chromosomes discovered during gynogenesis induction. It 
was discovered that haploid (1N), diploid (2N), triploid (3N), and tetraploid (4N) chromosomes could be 
identified (Fig 2). Additionally, chromosomal characteristics of various aneuploid types were also present. [10] 
conducted a study to examine the effect of destroying genetic material and inducing diploid gynogenesis on 
the normal developmental stage of C. farreri. The study found that the normal diploid number of chromosomes 
was 2n=38. However, after 15 seconds of sperm DNA destruction, the number of chromosomes observed was 
32, with some being in the form of aneuploidy. Furthermore, 19 haploid chromosomes were discovered within 
30 seconds. 

 

 

 

 

 

 

 

 

 

 

 

Periods (Second) 
Survival rate (%) 

Trochophore D-shape 
Control 75.20 ± 4.84a 23.03 ± 6.05a 

30 59.33 ± 13.57ab 7.87 ± 2.66b 
60 52.22 ± 4.82b 4.67 ± 1.15bc 
90 52.66 ± 6.42b 0c 
120 55.33 ± 10.47b 0c 
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Figure 2. Metaphase chromosome of gynogenetic diploid C.belcheri: haploid =10 (A), diploid=20 (B), triploid =30 (C), 
and tetraploid=40 (D) (scale bars=5 μm). 

4. Conclusions 
The control group had the highest trochophore survival rate (42.58 ± 12.06%), which was not significantly 

different from the 90-second UV exposure group. Additionally, chromosomal characteristics were determined 
using the conventional staining method, and both 10 and 20 chromosomes and various aneuploid types were 
observed. The control group had the highest rate of trochophores, indicating diploid gynogenesis (75.20 ± 4.84%). 
However, it should be noted that a relatively low survival rate of the D-shaped stage was observed, which 
may be due to increased stress during development. 
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Abstract: During lipid peroxidation in foods, deterioration rancidity 
occurred, and a toxic by-product also accumulated. The well-known marker of 
lipid peroxidation in food is malondialdehyde (MDA), suspected to be 
carcinogenic and mutagenic in humans. MDA level is determined using 
thiobarbituric acid (TBA) assay. The pink color of the MDA-TBA2 complex 
after the reaction can be measured spectrophotometrically at 530-540 nm. 
Several analytical methods, including smartphone-based methods, have been 
used to determine the MDA-TBA2 complex, such as UV-Vis 
spectrophotometry and HPLC-DAD. Therefore, this research aimed to 
determine lipid peroxidation in fried food using a simple smartphone-based 
spectrophotometer. The device was established using a paper box, LED lamps, 
and a test tube. Various concentrations of MDA were reacted with TBA reagent 
and then submitted to the device. RGB intensity data were converted to 
absorbance values and used to construct linear regression. Results showed that 
the G value from the smartphone-based spectrophotometer provided 
consistent results with R2 of 0.9869, including 0.93 and 95.17% precision and 
accuracy, respectively. Then, the developed device was finally used to 
determine the MDA in local fried food samples. The concentration of MDA in 
fried foods was successfully determined with high precision (0.96) and accuracy 
(88.33 %) compared to the traditional UV-Vis spectrophotometric method. 
Thus, this study provides a practical guideline for developing quick and easy 
accessibility, portability, and low-cost spectrophotometer for lipid peroxidation 
assessment in fried food and other future food matrices.  
 
Keywords: Smartphone; Malondialdehyde; Thiobarbituric acid reactive substances; 

Fried food 
 

1. Introduction 
Frying is a fast, simple, and cost-effective cooking method used for 

producing and preparing food, both on industrial and domestic scales [1]. Fried 
food has unique sensory characteristics, which consumers highly appreciate. 
These characteristics include a pleasant flavor, golden-brown color, and crispy 
texture. During the frying process, the oil used is subjected to high 
temperatures, which accelerate the formation of lipid oxidation [2]. Mild 
oxidation of fried food continuously occurs without promoting noticeable 
sensory changes during processing and storage. The longer fried food is 
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exposed to high temperatures and atmospheric air, the higher lipid peroxidation and oxidative products are 
generated [3]. Among the various oxidation products, aldehydes are mostly significant, affecting food flavor 
and nutritional quality. They are also the main cause of food rancidity during preparation and storage [4-5].  
One widely known lipid peroxidation product is malondialdehyde (MDA) [6]. MDA is a final product of lipid 
peroxidation and is considered a universal lipid oxidation marker of oxidative stress. It had been regarded as 
a cytotoxic, neurotoxic, mutagenic, and possibly carcinogenic in humans [7]. The thiobarbituric acid (TBA) 
assay is an empirical method frequently used to measure oxidation in food products. The assay has been 
utilized due to its simple and quick derivatization of MDA before the detection process [8]. Since free MDA is 
very low in concentration, thus harsh conditions of acidity and temperature are needed to treat proteins and 
break down peroxides. One molecule of malonaldehyde reacts with two TBA molecules, forming a pink-
colored MDA-TBA2 complex that absorbs light at 530-540 nm and can be quantified as shown in Fig. 1. 
However, the reaction is not specific because the other molecules in the sample metric such as ketones, acids, 
esters, sugars, amino acids, oxidized proteins, and vitamins, can also react with TBA, hence known as TBA-
reactive substances or TBARS [9-10]. Meanwhile, the intensity of a pink-colored complex corresponds to the 
level of lipid peroxidation in the sample.  

 
 

Figure 1. Reaction mechanism of malondialdehyde (MDA) with thiobarbituric acid (TBA) in the presence of 
acid and heat to produce MDA-TBA2 colored product [10].  

 
Several analytical methods have been used to determine TBARS, such as spectrophotometrically [11], 

spectrofluorometrically [12] for screening analysis, and chromatographic, such as HPLC-DAD which is 
suggested for more specific performance [13], but the longer duration and cost of the analysis will also 
increase. Spectrophotometry, therefore, is a preferable method for its simplicity, high sample throughput, and 
low cost. Recently, the use of smartphones has rapidly increased in terms of accessibility for every single 
person. The capabilities of smartphone technology are more efficient in terms of computational power 
connectivity, including camera and imaging capability. Smartphone imaging has been increasingly applied 
across various scientific fields and several applications [14-15].  The RGB (Red–Green–Blue) color system has 
frequently been used as an alternative for quantitative determinations in analytical chemistry due to its real-
time, convenient, and inexpensive [16]. Mostly, smartphone colorimetric data will be converted to analyze 
concentrations using a high-resolution built-in camera smartphone [17-18].  

In this work, the developed smartphone-based spectrophotometer, in combination with Red-Green-
Blue (RGB) analysis, was used to trace MDA in the local fried food after a derivatization step with TBA. An 
in-house smartphone-based spectrophotometer was constructed for field analysis of MDA in fried food 
samples. The influence of the dimension of the component effective in developing smartphone-based 
spectrophotometer sensitivity was evaluated and optimized. The reliability of the developed device for MDA 
in fried food evaluation was compared with the standard UV-Vis spectrophotometry method.  
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2. Materials and Methods 
2.1 Constructing a smartphone-based spectrophotometer  

Inside the developed device, there is the sample cell (small test tube, 16 mm x 10 mm, Pyrex, USA.) 
with base, background panel, and LED board accommodated in a paper box which has a small channel for 
taking pictures of the solution in a sample cell from outside as shown in Fig. 2.  

 
Figure 2. The design of the smartphone-based spectrophotometer to measure RGB value using a flat-palette 

application. 
 
The dimensions of the device are listed in Table 1. The best distance and position of the sample cell, 

background, and LED panel were optimized by varying the distance between the camera and sample cell and 
the distance between the sample cell and the background. The best parameters have been chosen for device 
construction and further experiments. The digital picture of the MDA-TBA2 solution was captured by a 
smartphone camera (flat-palette application, Samsung Galaxy S10 Plus, screen is 6.4 inches, 103.8 cm2 (88.9% 
screen-to-body ratio), with a resolution of 1440 x 3040 pixels, 19:9 ratio (522 ppi density), Korea). The image 
was then decomposed into three color components: red, green, and blue (R, G, and B).  
 
Table 1.  Apparatus design of the smartphone-based spectrophotometer. 

 
 
 

  

List Details 
Box Size 21 cm x 30 cm x 23 cm 
White LED light bulbs Size 5 mm x 18 bulbs 
LED board Size 4.5 cm x 17.5 cm 
Test tubes Size 16 mm x 10 mm 
Slot Size 2.5 cm x 6 cm x 6 cm 
Base Size 5 cm x 10.6 cm x 10 cm 
Chanel Size 1 cm x 2 cm 
Phone holder Size 10 cm x 13 cm 
Camera Chanel Size 1 cm x 2 cm 
Feature board Size 21 cm x 23 cm 
Power bank Capacity 11000 mAh 
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2.2 Optimization of components of the developed device 
The pink solution of the MDA-TBA2 complex was prepared from the derivatization of 100 µM MDA 

standard and TBA solution, which was then measured at 532 nm. The red, green, and blue (RGB) colors were 
detected using a flat-palette application on the smartphone-based spectrophotometer. To achieve the best 
results, the distance between the camera and the sample cell was varied from 1 to 6 cm. While the LED board 
was fixed at 3 cm above the sample cell, the background was fixed at 15 cm behind the sample cell. Three 
different colors (white, blue, and green) of backgrounds were used to find the most appropriate color. The 
photos were converted to RGB values using the "flat-palette application." Flat-palette is a color manager app 
that combines useful color scheme ideas and functions, including RGB slider adjustment, center point color 
extraction, and image color scheme creation. Therefore, the captured image will provide the RGB value, a color 
commonly seen on a smartphone screen. The RGB obtained values were then converted to absorbance using 
equation (1) [17]. 

 
                        𝐴 = − log ( 𝐼

𝐼0
)                   (1) 

When    
I  = R, G, or B value of sample solution 
I0  =  R, G, or B value of blank solution 
 

The condition that provided the absorbance comparable to that obtained from a standard UV-Vis 
spectrophotometer was chosen for further studies. 

2.3 Standard curve of MDA-TBA2 complex 
The standard solution of TBA was prepared by using 0.375% of TBA dissolved in 15% trichloro acetic 

acid (TCA). The solution of TBA was prepared freshly before experimenting. BHT stock solution was prepared 
using 1 g of BHT dissolved in 100 mL of 95% ethanol. Standard solution of MDA (100 mmol/L) was prepared 
by diluting 99% MDA in 25 mL of distilled water. Then, MDA with concentrations of 1.56, 3.125, 6.25, 12.5, 25, 
50, and 100 µmol/L were prepared. The derivatization of TBA and MDA standard in various concentrations 
was done by mixing 3.5 mL of 0.375% TBA in 15% TCA and 0.5 mL of MDA standard solutions. The solution 
was then heated in a water bath at 95°C for 10 min [19]. After cooling, the pink solution was measured at 532 
nm using a UV-Vis spectrophotometer. The red, green, and blue (RGB) colors were also measured using 
pictures from the developed smartphone-based spectrophotometer. All experiments were performed in 
triplicate. 

2.4 Extraction of MDA in fried food samples 
Two grams of fried food powder (S1 = fried fish cracker crisps, S2= fried fish cracker sticks, S3= French 

fries) were taken into a 15 mL test tube, and 5 mL of the glacial acetic acid (50% v/v) was added, followed by 
2 mL of BHT (0.01%) for preventing further oxidation [10]. The samples were shaken for one hour and filtered. 
The filtrate was centrifuged when required. 

2.5 Determination of MDA in fried food samples                                         
0.5 mL of sample solution was mixed with 3.5 mL of thiobarbituric acid (TBA), then heated in a water 

bath at 95°C for 10 min. After the mixture had cooled down at room temperature, the absorbance at 532 nm 
was measured using the UV-Vis spectrophotometer and developed device. MDA content obtained from the 
device was compared to MDA content obtained from the UV-Vis spectrophotometer. The limit of detection 
(LOD), limit of quantification (LOQ), accuracy, precision, and the relative error of the methods were validated. 
The analysis of all samples was performed in triplicate. The data was expressed as standard deviation (SD).       

2.6 Data analysis 
Triplicate measurement was done for each standard and sample. All values were displayed as mean ±SD. 

LOD, LOQ, precision, accuracy, and error were calculated as compared to the absorbance from the UV-Vis 
spectrophotometer. 
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3. Results and Discussion 
3.1 The optimization and construction of a smartphone-based device.  

The optimization of the device with a smartphone camera was performed to find the best distance 
between the camera and the sample cell, the sample cell to the background, and the color of the background 
for TBARS measurement. Several conditions were tested for the analysis of the MDA-TBA2 complex by 
changing the distance between the camera and the sample cell. Three different backgrounds, white, green, and 
blue, were also investigated. R G B values after conversion to absorbance using a different camera and sample 
cell distances and different backgrounds (white, green, and blue) are shown in Table 2. The most efficient 
distance of each part was selected by considering the similarity of absorbance of the tested MDA-TBA2 
complex solution when measured by the UV-Vis spectrophotometer at 532 nm (Abs. = 0.200). The results from 
Table 2 revealed that the reverse of the green value (G value) gave a positive absorbance value in all 
backgrounds used and was proportional to the concentration of MDA. However, the closest value to the UV-
Vis spectrophotometer was most achieved on a blue background. However, the distance between the camera 
and sample cell that gives similar absorbance from the UV-Vis spectrophotometer was 3 and 4 cm, with the 
absorbance value of 0.165 and 0.245, respectively. The results were confirmed additionally, and the values of 
MDA-TBA2 levels were similar to the previous experiments, whereby 3 cm between the camera and sample 
cell was chosen. Therefore, the optimum dimensions of the smartphone-based spectrophotometer were 3 cm, 
15 cm, and 3 cm for the distance from the camera to the sample cell and from the sample cell to the background 
and LED panel positions (in the above position), respectively. The absorbance, which was calculated using 
equation (1) and G value from a flat-palette application on a smartphone-based spectrophotometer, was found 
to exhibit a correlation with the value obtained from the UV-Vis spectrophotometer because both red 
chromogen and blue background are absorbing the green light (G value) according to “The light theory of 
color” [20].  Then, the G value and blue background were used as the analytical signal for further study. The 
optimum distance of the developed device is shown in Table 3. 
3.2 Reaction of standard MDA and the TBA reagent for the standard curve 
 In this study, the reaction mixture was heated at 95 °C for 10 minutes due to the indicated experimental 
data that these conditions yield maximal product [10]. In reaction with TBA (TBA assay), MDA forms an 
intensely pink-colored complex that is easily assessed spectrophotometrically; therefore, this method is 
frequently used to detect lipid peroxidation in several samples. The pink color of the solution indicated the 
absorption of the green color wavelength; thus, the red color wavelength was transmitted and then observed.  
Beer’s Law mentioned that the higher the concentration, the lower the light intensity that passes through a 
chemical solution [21].  

The absorbance obtained from the UV-Vis and smartphone-based spectrophotometer increased 
correspondingly to the MDA concentration, as shown in Table 4. However, the absorbance from the developed 
device was slightly lower than that obtained from the UV-Vis spectrophotometer. The calibration curve of five 
points in triplicate (𝑛=3) was established in the concentration range of 6.25 to 100 µmol/L. Linear regression 
shows a correlation coefficient (R2) of 0.9984 with the equation of 𝑦 = 0.0144𝑥 and 0.9865 with an equation of 𝑦 
= 0.0073𝑥-0.0532 for a commercial system and smartphone-based spectrophotometer, respectively, as shown 
in Fig. 3A and 3B. Meanwhile, the linear regression slope revealed a sensitivity of the method, in which the 
UV-Vis spectrophotometer provides higher sensitivity (slope = 0.0144) compared to the smartphone-based 
device (slope = 0.0073). The performance of the commercial UV-Vis spectrophotometer in terms of limit of 
detection and quantification was 3.352 µmol/L and 10.157 µmol/L, respectively, which revealed notably better 
results. Each run using the smartphone-based spectrophotometer took almost 1 min, compared to less than 5 
s for the commercial spectrophotometer. However, this research aimed to provide a handheld device available 
to everyone to determine the MDA content onsite. Thus, the above performance was acceptable in relation to 
the robustness, ease of operation, and ultra-low cost of the smartphone-based spectrophotometer. Thus, 
measuring the concentration of MDA or TBARS in fried food samples can be applicable. 
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Figure 3. (A) MDA standard curve obtained from the UV-Vis spectrophotometer, (B) MDA standard curve obtained 

from the smartphone-based spectrophotometer. 

Table 4. Absorbances were obtained from the UV-Vis spectrophotometer and the smartphone-based spectrophotometer. 

Data are expressed as mean±SD from triplicate samples. 
 

The limit of detection (LOD) and quantification (LOQ) were evaluated from the slope and residual 
standard deviations of the standard curve. The LOD and LOQ can be calculated as described in the following 
equation: LOD = 3.3σ/S and LOQ = 10σ/S, respectively, where σ is the standard deviation of the response, and 
S is the slope of the calibration curve [22]. Results showed that the LOD and LOQ of the UV-Vis 
spectrophotometer were 3.352 µmol/L and 10.157 µmol/L while the LOD and LOQ developed 
spectrophotometer were 11.490 µmol/L and 34.819 µmol/L. The obtained results are in good agreement with 
previous studies in the determination of TBARS in fried fast food using a simple spectrophotometric method, 
which showed that the LOD was 1.758 𝜇M, while LOQ was 5.859 𝜇M [23]. The higher LOD and LOQ of the 
developed spectrophotometer should be remarked on compared to the commercial system. However, the LOD 
of MDA by the device achieved 11.490 µmol/L, which is quite below or lower than the recommended values, 
whereby the acute toxicity of MDA in the diet is considered not high. Still, the lethal dose of LD50 in rats 
accounts for 632 mg/ kg body weight [24]. The analytical performance was also validated for the smartphone-
based spectrophotometric method, including accuracy, precision, and error. Three concentrations of MDA (20, 
40, and 60 µmol/L) were used for this purpose. Accuracy was reported as the recovery percentage, while the 
precision and error represented the repeatability of the tested method. Instrumental precision was determined 
by the replicate (𝑛=9) analysis of standard compounds. The accuracy, precision, and error of the developed 
device were 95.17%, 0.933, and 4.83 %, respectively, as shown in Table 5. Poor color intensity may decrease 
accuracy when the MDA is used at a lower concentration than 20 µmol/L. The recoveries ranged from 87 to 95%.  

concentration 
of MDA (μmol/L) 

Absorbance from UV-Vis 
spectrophotometer 

Absorbance from 
 Smartphone-based spectrophotometer. 

6.25 0.063 ± 0.013 0.024 ± 0.005 
12.50 0.154 ± 0.008 0.050 ± 0.018 
25.00 0.308 ± 0.011 0.107 ± 0.018 
50.00 0.735 ± 0.028 0.269 ± 0.026 

100.00 1.454 ± 0.029 0.704 ± 0.014 

https://doi.org/10.55164
https://doi.org/10.55164/ajstr.v25i1.245292


ASEAN J. Sci. Tech. Report. 2024, 27(2), 79-89.86ASEAN J. Sci. Tech. Report. 2024, 27(2), 79-89. 2 of 11 
 

 

The results exhibited evidence and demonstrated the performance of the device for the analysis of different 
MDA amounts in different fried food samples.  

 

Table 5. Precision, accuracy, and error of the developed smartphone-based spectrophotometer. 

 
3.3 Determination of MDA in fried food samples 
 To evaluate the performance of the smartphone-based spectrophotometer with real sample matrices, 
the method was finally applied to analyze MDA in fried food samples found in the local markets. MDA 
concentrations were determined parallelly between the smartphone-based method and the traditional UV-Vis 
spectrophotometer. Three samples of street foods were selected since they were popular among consumers 
and widely consumed. These include fried fish cracker crisps, fried fish cracker sticks, and French fries. The 
results of this experiment and the short description of these foods are given in Table 6. As determined by 
spectrophotometry, MDA concentration in fried fish cracker crisps, fried fish cracker sticks, and French fries 
were 55.84, 53.21, and 58.89 µmol/L, respectively. Consequently, MDA concentration in the same samples 
using the developed device was 63.21, 41.118, and 142.84 µmol/L. Zeb and Ullah (2016) revealed that fried fast 
foods possessed an amount of TBARS in the range of 0.372 ± 0.03 to 2.911±0.13 µmol/g when 50% acetic acid 
was used as an extraction solvent [10].  Pandey et al. [25] also reported that deep fried Shami kebab possessed 
the values of TBARS 0.38 to 0.68 mg/kg. The difference may be due to the difference in the laboratory and food 
preparation, TBARS in sample or frying medium. These results indicate that the methods used in this study, 
UV-Vis spectrophotometry and the developed device, give similar tendency results to the other works. The 
precision, accuracy, and error of the device were calculated. The best reliability was found in fried fish cracker 
crisps (S1), as shown by low error percentage, high precision, and high accuracy percentage. This result was 
consistent with the color of the reactant. The reactant solution of S1 was pale pink, indicating the expression 
of TBARS since oxygen can result in oxidative deterioration of the fried fish cracker. Meanwhile, MDA in S3 
detected by the device was positively faulty compared to the UV-Vis spectrophotometry due to the yellow 
color of the reactant, which was derived from the food dye.  Thus, the yellow solution's absorption or visible 
light transmission possibly interfered with the detection system. The precision and accuracy of the device are 
correlated to the color of the reactant solution. The pink solution shows high precision and accuracy with a 
lower error percentage. The errors in MDA detection using the device may be due to the color of the solution. 
The device could determine MDA in fried fish cracker crisps extract (S1) precisely compared to the 
spectrophotometer result. Fried fish cracker crisps are generally consumed instantly after preparation. Hence, 
the high amounts of lipids and the packaging process can result in high oxidative deterioration of the fried 
fish cracker. Thus, this result indicated that the developed device was suitable for evaluating MDA in fried 
food samples used.  
 

 
 
 
 
 
 
 
 
 
 

MDA (μM) Precision % Accuracy % Error 
20 0.879 87.102 12.898 
40 0.926 94.118 5.882 
60 0.933 95.169 4.831 
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Table 6. The concentration of MDA in fried food samples using a UV-Vis spectrophotometer and a 
smartphone-based device. 

Sample Description 

The concentration 
of MDA from UV-

Vis 
spectrophotometer 

(µmol/L)  

Concentration 
of MDA from 

developed 
device 

(µmol/L) 

Precision 
% 

Accuracy 
% Error 

S1= fried fish cracker 
crisps 

Fried wheat flour 
mixed with fish meat 

and seasoning  
(Thin piece) 

 

55.842 ± 2.22 63.216 ±8.30  0.96 88.334 11.666 

S2= fried fish cracker 
sticks 

Fried wheat flour 
mixed with fish meat 

and seasoning  
(Thick piece) 

 

53.214 ± 4.82 41.118 ±36.12 0.86 78.181 21.819 

S3=French fries 

Fried potato chips 

 

58.899 ± 3.23 142.843 ±22.32 0.93 56.760 43.240 

Data are expressed as mean±SD from triplicate samples 

4. Conclusions 
The smartphone-based spectrophotometer was constructed and applied to determine MDA 

concentration in fried food samples compared to the standard UV-Vis spectrophotometric method. The 
developed method was simpler, lens-free, portable, cost-effective, and yielded high sample throughput. No 
power supply is needed for the infield analysis. This device can be handmade, constructed in minutes, and 
used to determine MDA in fried food samples ranging from 6.25 to 100 µmol/L precisely and accurately. 
Compared to a commercial instrument, the readout of this device revealed similar analytical features; 
nevertheless, the limitations are its lower sensitivity and higher LOD. This research would accommodate 
TBARS evaluation in other food matrices for quality control in the food industries or regular food inspection 
systems in the future.  
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4. Conclusions 
There is a contamination of E. coli O45 in meats at high levels. Even though O45 strains in this study 

are not in the EHEC/STEC group, some contain virulence factors and belong to phylogenetic group D, 
indicating the potential to cause illnesses. Moreover, they are resistant to numerous antimicrobial agents, and 
almost half of them show a multi-drug resistant phenotype and the possibility of gaining a stx2-phage that 
makes them more dangerous in the future. These data are important from a public health standpoint. 
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Abstract: Privacy and security in our digital environment have become
essential today. Some data stored on hard disks, in flash memory, or exchanged
through our communication channels is sensitive and should be kept
confidential. Additionally, documents containing confidential information,
such as business algorithms or new application coding, require adequate
measures to ensure privacy and security. Therefore, data encryption is crucial
in protecting information from being intercepted, misused, or stolen. While
encryption tools are available for business e-mails, using these tools o�en
requires subscribing as a member and paying extra fees. Effective tools are not
limited to e-mail alone. Still, they can also be applied to any text data that
requires a high level of security and complexity to ensure the protection of the
data for a duration longer than it needs to be safeguarded. Our research aims to
develop a stand-alone application that encrypts data to ensure its confidentiality
without additional subscriptions or fees. The application is designed to be user-
friendly, with fast encryption and decryption capabilities. It can be used not
only for encrypting and decrypting e-mail messages but also for programming
languages and Excel data. The application development utilizes techniques such
as Diffe-Hellman, Mersenne Twister, and AES, arranged in layers to generate
complex ciphertext that is difficult to decrypt without the developed
application. LabVIEW was used for testing encryption speed. The a�empt to
a�ack encrypted data was subjected, but the result yielded no successful key
retrieval.

Keywords: Encryption and decryption; Diffie-Hellman; Mersenne Twister;
Advanced Encryption Standard; LabVIEW

1. Introduction
Since E-mail was developed in 1971 [1], it has become one of the primary

communication channels and is widely used on the internet. According to data
research from Raicati Group [2], in 2022, the number of worldwide e-mails,
including both business and consumer users, was 4.26 billion, with the daily
volume of sent/received e-mails per day being 333 billion. Along with the rise
in the number of e-mail users, it is predicted to reach 4.6 billion users in 2025.

Currently, e-mail has mainly been used in any kind of online activity for
personal and group communication. It is used not only for instant messaging
but also for signing up for online commerce, sending updated news notifications,
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and authorizing other forms when one is present on the internet. While users use e-mail for communication,
they may be imprudent to send the most sensitive kind of secret data such as credential numbers, application
passwords, birth dates, important business data, personal contact names, numbers, or medical health data.
Unfortunately, they are unsecured since regular e-mail and data sending are not encrypted. It allows for
phishing and other service providers unauthorized access.

There are 2 protocols commonly utilized for e-mail encryption: Encrypting an e-mail while it is in transit
(Transport Layer Security: TLS) and end-to-end e-mail encryption. TLS is a cryptographic protocol that
provides security for data sent between mail server to mail server. It uses public critical infrastructure (PKI)
to encrypt messages while they are in transit from sender to recipient. TLS stops e-mails from being read after
the sending but before the messages are delivered to the end system. It can avoid eavesdropping or altering
e-mail contents while delivering data over the internet. The advantage of using TLS is that it is easy for users
to send e-mails without extra work beyond clicking the send button, as it is provided by e-mail providers such
as Google (Ghali et al. [3]) and Apple [4]. However, if a cybercriminal can a�ack an e-mail account through
phishing, they can still read e-mail. Since TLS does not encrypt e-mail messages and cannot hide the messages
from the e-mail servers themselves, e-mail providers can still access the contents of our messages.

End-to-end encryption is also known as public key encryption. It is a method where e-mail messages are
encrypted by the stand-alone on the sender's system, and only the intended recipient can decrypt and read
them on their device. End-to-end encryption provides the highest level of confidentiality as it prevents any
third party or cybercriminal from reading or accessing messages at any delivery state. The encrypted messages
also cannot be read by the e-mail server. Moreover, the a�ackers cannot access data on e-mail servers since
they are encrypted on users’ endpoints. If an a�acker tries to retrieve data from the servers, they will get
gibberish. End-to-end encryption makes communication safe. One may want to ensure sending financial and
private communication using end-to-end encryption since it is difficult for cybercriminals to retrieve sensitive
information.

Our work presents the Gid Crypto application, a stand-alone text data encryption and decryption; it is
easy to use with any e-mail text body. This tool ensures the generation of secure e-mails and encrypted text
data. We utilize various techniques, such as Diffie-Hellman [5] for key exchange, Mersenne Twister [6] for
issuing genuinely random numbers, and Advanced Encryption Standard (AES) [7] for creating cipher texts,
to ensure the utmost security of the information content.

The rest of the paper is organized as follows: Section 2 describes the material and methods used to develop
the tool. The results and discussion of our work are presented in Section 3, and the conclusion is provided in
Section 4.

2.Materials and Methods
2.1 Encryption and Decryption Principles

Encryption is turning plain text content, like text messages or e-mails, into cipher text/scrambled text
to protect it from being read by unintended parties. When the intended recipient receives the message, only
the person with the appropriate private key that matches the public key used to encrypt the message can read
it, which is called decryption.

Our goal is to make an application that is easy to use and maintains the highest security and
cryptographic standards. We follow 3 principles when developing this application. The first is implementing
Diffie-Hellman as a key exchange protocol; the second is issuing a new and unique encryption key with each
contact so we do not establish a similar pa�ern; we use Mersenne Twister. Finally, we use the Advanced
Encryption Standard (AES) to generate cipher and decrypted texts.

2.2 Diffie-Hellman Principles
Diffie-Hellman (DH) [5], or exponential key exchange, was one of the first public-key protocols

conceptualized initially by Ralph Merkle and named after Whitfield Diffie and Martin Hellman. It is a method
for securely exchanging cryptographic keys over an insecure public channel. For example, if two people, Alice
and Bob, wish to communicate over the internet, they need a way to exchange information that will be known
only to them. To do that, Alice and Bob first generate their private and public keys and then send them to the
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other side. A�er both parties obtain copies of each other’s public keys, they compute shared keys. The shared
keys will be used for symmetric cipher communication.

These steps can be understood with the diagram depicted in Figure 1. Our work uses the DH method
of securely exchanging cryptographic keys on a secure channel and even over an insecure channel.

Figure 1. Diffie-Hellman Key Exchange

There are some methods for the key exchange, such as Elliptic Curve Diffe-Hellman (ECDH), RSA,
La�ice-based Cryptography (LBC), and Post-Quantum Cryptography (PQC). We selected DH for its
simplicity, high effectiveness, and widely standardized. Moreover, even ECDH [8] offers more efficiencies but
would not offer more secure computation, while RSA [8] is used for key exchanges that lack forward secrecy.
LBC [9] holds some good promises for the future, but like RSA, it is more of a classical Public Key systems
certificate. On the other hand, PQC [9] is mainly to thwart a�acks from a quantum computer, which is not yet
widely accessible, regardless of whether it is not a key exchange mechanism, and AES-256 has so far
demonstrated robustness against quantum threats. Our development work aims to make it usable on general-
purpose computers. With the Gid Crypto, we would like to create a stand-alone encryption system with no
certificates.

2.3 Mersenne Twister (MT)
Mersenne Twister is the most widely used pseudo-random solid numbers generator (PRNG). A

version of Mersenne Twister, MT19957, can generate an extremely long sequence with a period of 21,9937 -1
numbers before the identical series of numbers repeats [6]. If we compare MR19957 to the native Excel random
number generator function, (RND), it can only generate up to 224 sequences of numbers [10]. To ensure a higher
level of security, it is important to consider the length of sequences. The shorter the periods of sequence, the
easier the sequence can be detected and potentially reused by a�ackers. Therefore, we used MT as it provides
a more extended period and enhances the generation of truly random numbers.

While the MT is considered the default random number generator (RNG) in Python, it does have some
drawbacks, as outlined below [11] :

• If one can retrieve its previous bits, it is possible to predict the subsequent bits.
• Despite its massive size, MT may fail to meet specific statistical tests.
• It is not flexible; it follows a specific mechanism.

A�er conducting numerous thorough tests, studying other advancements, and using our experience
to prevent the retrieval of bits by utilizing an MT random number generator, we iterate the process of
generating a random number using the MT output as an input 10 times. This ensures enhanced randomness
and makes it exceedingly difficult to reconstruct the original bits.
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The AES is a standardized symmetric block cipher developed by the U.S. National Institute of
Standards and Technology (NIST) [7]. It operates with a fixed data block size of 16 bytes, with each block being
converted by using key sizes of 128, 192, or 256 bits long. A�er these blocks are encrypted, they are combined
to form a ciphertext. Other features of AES are also concerning:

• Stronger and faster than Triple-DES
• It comes with detailed specifications and design.
• It is highly resistant to brute-force a�acks, as it would take 36 quadrillion years to crack a

128-bit key [12]. Even with substantial computing power, cracking a 256-bit key would
require more time.

AES encryption is widely recognized as the standard for symmetric encryption due to its fast and
secure nature. It requires a 32-byte key, a 16-byte IV, and a ciphertext as input to generate the corresponding
plaintext output. The encryption levels can vary from 64 to 256 bits. In our work, we employ a 256-bit key length.

2.5 Database Technology
To make it practical for users, we added a database so the different keys (private, public, and shared)

could be saved, and the key exchange only had to be done once or at the users’ discretion, making recurrent
e-mail easier or the saving of multiple documents.

We use MongoDB as a local light and flexible database server. Moreover, PyMongo, the standard
MongoDB driver library for Python, is easy to use; it offers an intuitive API and interface, as shown in Figure
2, for accessing databases, collections, and documents. It also lets administrators encrypt data in transit and
data in permanent storage. Objects retrieved from MongoDB through PyMongo are compatible with
dictionaries and lists, so one can easily manipulate, iterate, and print them.

Figure 2. Contact list in MongoDB

2.6 Interface
We aimed to create an interface that is both intuitive and simple. To achieve this, we applied UX/UI

technology, starting with creating a persona and an interaction design focused on simplicity of use. The Gid
Crypto encrypted and decrypted program has multiple interface screens: Contacts, Role Se�ing, Contact
Name, Keys generation, and encrypted and decrypted screens.

2.4 Advanced Encryption Standard (AES)
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The initial page is the Contact page, shown in Figure 2, where users can create new contacts to initiate
communication. For those who have interacted previously, a window displays a list of contacts and their
corresponding encrypted keys on the right-hand side.

2.6.2 Role Se�ing and Contact Name

If a user selects to create a new contact, the user has to determine if he is a sender or receiver. Thus,
the ROLE SETTING page is utilized. Once the user selects their role, they must input the contact name for
communication records, as seen in Figure 3.

Figure 3. Role Se�ing and Contact Name pages

2.6.3 Keys Generation

The Keys Generation page is used when creating a new contact. This page is designed to work based
on the Diffie-Hellman key exchange algorithm. In this process (Figure 4), the sender, responsible for initiating
the communication, selects any desired private key and clicks the 'Save' button to save it to the database. Next,
the sender can generate a public key automatically by clicking the 'Get Public key' button. The next step
involves the sender sending their public key to the recipient on the other side. The recipient will then follow a
similar process by selecting a private key and generating their public key. The recipient will send their public
key back to the sender.

To generate the shared key on the sender's side, the private key of the sender, the public key of the
sender, and the public key of the recipient are used.

Figure 4. Keys Generation page

Figure 4 illustrates generating a Secret key at the bo�om of the screen. To make it practically
impossible to crack, we designed to have another key, the Secret key. The Secret key is generated by adding a
2-layer extension of the Diffie-Hellman key exchange. The first layer, the MT algorithm, generates random
numbers, which are inputs for generating another random number for many rounds. This procedure makes it

2.6.1 Contacts
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difficult for malicious individuals to calculate back to the initial MT numbers. The second layer is used with
the SHA-256 algorithm once a random number is obtained to generate the final Secret key. Hence, our
developed application utilizes a variety of algorithms to achieve highly efficient message encryption. As a
user, all they have to do is click the ‘Create Secret Key’ bu�on, and Gid Crypto will automatically generate the
Secret key based on the previously described processes. In this paper, implementation details and code
samples will not be shown to keep the application secure for anyone using it.

2.6.4 Encrypted and Decretep Interface

The encrypted and decrypted interface is designed to provide ease of use for users. To access this
interface, there are two options: selecting a contact list in Figure 2 or following the steps in Figure 4 to create
a new contact. Using this window is straightforward, as shown in Figure 5. Users can easily encrypt a message
by typing the desired text in the left-hand text box and clicking the ‘Encrypt’ bu�on. The message will be
encrypted and displayed in the right-hand text box. Similarly, to decrypt a message, users can paste the
encrypted text in the left-hand box and click the ‘Decrypt’ bu�on, and the original message will be displayed
in the right-hand box. Examples of encrypted and decrypted interfaces for text e-mail, a CSV file, and coding
are displayed in Figure 5.

Text encryption
CSV decryption

Code encryption
Figure 5. Encrypted and decrypted Interfaces

To use the application, if one wants to keep his e-mail message secure, he will type his message into
Gid Crypto for encryption. Then, he can paste the encrypted message into his e-mail body and send it to the
recipient, who can decrypt it using his version of Gid Crypto.
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3. Results and Discussion
3.1 Testing: AES Block Ciphers

We need to understand that AES relies on the substitution-permutation network principle to test our
encryption strength. This means it performs linked operations involving replacing and shuffling input data.
To evaluate the encryption capabilities of a stream cipher, it relies on 3 main components :

• Generating greater uniqueness and sensible cryptography
• AES Information Blocks testing
• To test the encryption speed
The details of each test are as follows.

3.1.1 Generating greater uniqueness and sensible cryptography

To create the maximum entropy for our secret key, we employ a coding process consisting of four
consecutive steps; however, the details of these steps are not provided here. This approach is essential because
a possible a�acker could compromise the public and shared keys. In the event of an a�ack, the adversary's
best strategy involves a�empting to guess the key via brute force, Padding a�ack (PA), Chosen plaintext a�ack
(CPA), or Chosen ciphertext a�ack (CCA) [13-15]. For the chance of being right, it needs to compute the stream
cipher, then check to see whether it produces the observed outputs, and if so, guess the next bit it produces.
So, it is a lengthy and highly complex process and seems unlikely to succeed.

We apply the Mersenne Twister on the resulting secreted key for E-mail, Coding-data, and database-
data as follows :

1. Text E-mail: The application was tested for descending regular text e-mails. We first exchanged
our Public key, then made our Shared key, exchanged that key also, then encrypted regular text and sent it.
The party receiving the e-mail on a different computer had no problem decrypting the text.

2. Coding-data: In a second test, we took code in C# and Python and did the same. We sent our
encrypted code through e-mail and saved it in a directory to keep the code private.

3. Database-data: In our third test, we export data from the database/excel table and save it in
“comma-separated” format, encrypted and like with code before, e-mailing it to a third party or saving it in
a local directory for safekeeping.

According to our a�empt to test it in a brute force a�ack covering 4 days, the testing yielded no success
in obtaining even the first 16 bits of the key. While it remains a theoretical possibility, achieving such a feat
would require an exceptionally powerful computer and extensive time and resources that were not at our
disposal during the testing process.

Our application uses a 256-bit key length to encrypt and decrypt a block of messages. The process
involves 14 rounds of 256-bit keys, each including processing steps that entail substitution, transposition, and
mixing plaintext to transform it into ciphertext. By selecting k = 256, we aim to provide robust protection
against potential adversaries. While standard cryptography typically opts for a key length of k ≥ 128 for
security purposes, our implementation surpasses this standard by choosing k ≥ 256. This decision helps
mitigate multi-target a�acks and potential future quantum cryptanalysis, ensuring high security.

3.1.2 AES Information Blocks

It is important to note that our primary objective is not to safeguard a network against penetration but
rather to protect the privacy of a text message. Therefore, our focus is on establishing a robust encryption key.
Even if decryption were possible, the considerable time and specialized hardware required to achieve it would
render the effort futile, ensuring the preservation of the message's confidentiality.

For this, we use Symmetric Encryption AES-256 to provide quick encoding or decoding operations for
those who want to make an easy first choice for local or e-mail data encryption. As we mentioned above, AES
is an algorithm for block encryption that is in widespread use. There are six modes of operation of the AES
algorithm that were standardized and are the most well-known: ECB (Electronic Code Book), CBC (Cipher
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Block Chaining), CFB (Cipher Feedback), OFB (Output Feedback), CTR (Counter), and GCM (Galois-Counter-
Mode).

We evaluated those 6 encryption modes to determine the most suitable option based on the level of
security provided. Each mode offers a different level of security, so we examined the data from each mode to
make our decision. CTR and GCM stood out among the modes considered since AES-GCM is a well-known
and documented process. The GCM utilizes symmetric block encryption with CTR as the underlying cipher
mode. It also integrates authentication to protect the cipher, eliminating the need for separate integrity
measures and significantly enhancing encryption efficiency and security. While the time difference between
the two modes was minimal, we ultimately chose GCM due to its stronger security capabilities. Using GCM,
we could measure the time it takes to encrypt and decrypt data in LabView [16].

3.1.3 Encryption speed

We used LabVIEW [16], an application for measurement, control, and testing systems, to test our
encryption speed (as depicted in Figure 6). This testing aims to confirm that encryption of lengthy text can be
completed in a reasonable amount of time. Table 1 shows our testing speed, as demonstrated by various
examples. Those examples have been chosen to illustrate various approaches for testing text e-mail, CSV, and
source code files.

Figure 6. LabVIEW module for test speed: Mode-GCM/e-mail: text of 1945 characters with the encrypt and
decrypt speed of 34 milliseconds

Table 1. Testing speed

Clear Text
Length
(char)

Encrypted text
Length
(char)

Encryption/
Decryption

Time
(ms.)

Mode

A stream cipher—a
deterministic mathematical
function—is considered
secure if an adversary who
does not know the k-bit key
is chosen uniformly at
random and can only …

425 pRvh7gqfHbrQTl1Qz/sVk7Og7PZ7
RKN//jbw2zlPUP2H1Q8DES2qhio
Lg+e/mfpdfD6hvhtCz3YqIN4/TMz
Bk9kbMhl0kQS/RjY9wF502iH3xI3
YZ/zDan2YHh2k3MAk3IEVpOYu
bR4xlZZQAFAPhLe7zkf4aZwZ8Nj
k7Z3mFQUtqjhTXNgSzaGDY4JFG
zYyWdTu…

1088 3 ms.
5 ms.

GCM/e-
mail: text
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Clear Text
Length
(char)

Encrypted text
Length
(char)

Encryption/
Decryption

Time
(ms.)

Mode

As Moore’s Law marches
on, the Internet of Things
continues to gain traction,
and personal privacy is an
above-the-fold news story,
the importance of
cryptography…

1946 E51Lv/WFLiFOi3KpBzdLXp5q+h0
vG578z3asuLAw9jgYcBYzbHICQZ
rKgoems7ssgo/zf0z9+VnOaD2f9N4
G/4WKxjLyhzce1j7Ao9V5Fbuau9
fjcFQUjgBJr0KwL87hFULo0jhohqR
1FuDv9xrEmdm
UhW1eynz2BldJsXl6KF …

4748 15 ms.
21 ms.

GCM/e-
mail: text

spinoza-francis.net,2020-08-
26,http://www.escobar.org/
2,10dAcafEBbA5FcA,Kristin
a,Ferrell,"Horn, Shepard and
Watson",Aaronville,Andorra
,932-062-1802,(209)172-
7124x3651,xreese@hall-
donovan.com,2020-04-
27,https://tyler-pugh.info/
3,67DAB15Ebe4BE4a,Briana,
Andersen,Irwin-Oneal,East
Jordan,Nepal,8352752061,(56
7)135-
1918,haleybraun@blevins-
sexton.com,2022-03-…

169994
7

wXNMWiGpjIdI2c0ah5hm3ClO6Z
Hiooo7dt2v3GCycqez49tEldm8X6
MazuDoh0kjoRfUMLpfuXu2aPS/2
cqDBkfz69p+TiaOXMKt1WWK15L
QYtjyTmsV8dx5jTeLCcBg9YWCV
M6x3L19IzUd0EqeUVr2S61gnXIte
mJadnlEubmRETD58sJRADLPY2Z
vkVuEqEnNdmYE4Gd3ay+cU//1W
JJGR21sNBKGxD/12WmgIRVDsXS
WQmSispMuLz6igw7rQ0+myxNh
pOaf5QcCYmeWgUO3nDlLL4Cqg
LkqAHB7OnUI8J/HBPP97rFYrU8
OfXAmTQ/4gA+E+tItY02vXpwagc
CmfIotAzbn5HH5RVsD3zzI24rCG
BF7bc+PqNntjfE46Y+XVLlpswjoJgy
vHfiD+ …

405327
2

117 ms.
161 ms.

GCM/
CSV: text

'-------------------------------------
' Date Developer
Comments |
' ---------- -------------------- ----
------------------------|
' 02/25/2010 A Alherbe
Original code |
'-------------------------------------
-------------------------|
' rms ( Room Management
Services) application/web
service | |
'-------------------------------------
Imports
MySql.Data.MySqlClient
Imports System.Text
Imports System.Math
Imports System.IO
Imports System.Collections
Public Class DbUtilsLedger

Dim conn As
MySqlConnection
…

7334 6Ap0481ShF/H8QhkpYsy7MbfE+4
uZMxtZp97m7CP6iJIev+PtLS4BzK
xZ/EjywbQhZXVxT6Puw+hYbSUqj
D4vLiBAwF3YzBC3bwk3ZhBHo3a
RP8/tjKdPMtQgMPWSU5Ck0uGSn
nmt5aGhtTlLtKjX8rWPiV6VOXGv
18upzpAI4Tjmcj1GHJQSKwzvxBO
UKYC9YqawMsWzj4F6Tu4knS6+s
vbymEnaMm8sBjTVzXpkL/aMSW
5kt09jCBWhAzEgQ/FL/wkEkMPas
qt3U2SzzAtubM+Rv35pNxiYyNkU
JJywCSmp6btbco6kJo5cVNnc+JG+
bYlOps3VWsuyGMyHgA9ue+
EcRALOLVywtEcx3RJHs2CF+oBC
Emaext7UVlDFfu2gSM5Ntjr6SU1r
zz1H74avGP96Grd61H7v24umKC
ZBs/SqKjFy5WIĳsyEmXg+WlmnV
uXpkj7xvQgcRjyz3hFDSGYUNYu
dY0HPiUrPp6e+DBFejg06l2UOkH
xlycepISyCH6yW7T1x7HOJ9cCNP
calsjZx0nji5QkpD3CJsXgeZ1s/7DV
Ef0MLPvX1UidjWOzDuCFNVTTU
u7cUPVJyzv6q53/OIcoQu+htp9GC
+Ne08Pv7BDUS …

18108 53 ms.
73 ms.

GCM/
code: text
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AES-256 GCM was tested versus CTR, as we expected GCM to require slightly more processing times
(0.059896 milliseconds) than Mode CTR because of its key-chaining nature.

We test 2 factors: the first is the issuing of the shared key and the second is the text encryption. Testing
was done with the keys' bit length with a system running 16 GB RAM and Intel core I5. A private (secret)
different key length from 4 to 10 digits, with a public key length from 8 to 16 digits. The bigger the private and
public keys, the longer the Shared key calculation time.

For the best results, see Figure 7. Testing has shown that a 6-digit private key and 16-digit public key
offered the best security versus functionality and speed (less than 1 second to create a 16-bit share key). The
best results were obtained with a 4-digit to 6-digit private key and 2 full 64-bit public keys.

Figure 7. 64-Bits Shared key

3.2 Related work
Our work proposed Gid Crypto, a stand-alone encryption end decrypt application that runs

independently of network connectivity. The systems that operate similarly to Gid Crypto are rarely found.
Most available systems utilize certificates, a feature that Gid Crypto does not employ. Other applications that
work on cloud platforms or utilize key servers are as follows.

Microso� Outlook [17] and Yahoo [18] are examples of services that use encryption in transit, which
means they protect the message only while in transit and cannot guarantee that it stays encrypted a�er the
messages reach the recipients. However, Microsoft 365 [19] provides options that use OME, IRM, and S/MIME
technology for users to set up e-mail encryption communication.

There are commercial tools that provide end-to-end encryption, such as Posteo [20], Tutanota [21], and
Lavabit [22]. Those e-mail providers generate closed platforms where the services handle key management on
their servers. Only users using the same platform can encrypt the messages to each other. To use their services,
one needs to register on their domains. Posteo has a trial account and later enforces an extra monthly charge
if users prefer additional storage space. Tutanota provides a free account for 1GB storage with basic private
communication. If users prefer multi-user support options, they must pay for a business account, while
Lavabit does not have a free trial account.

Trustifi [23] is cloud-based end-to-end security; it uses 256-bit AES encryption as our work. The same as
Posteo and Tutanota, it requires users to register on the system to use the service on their platform; both
senders and recipients must be members of Trustifi to communicate with each other; otherwise, the sender
must issue an advanced method on how to secure the sending message, for example, setting up a password
or phone number; yet merely 10 countries are covered. Trustifi service charges vary depending on the number
of users and the size of the organization.

Privilege [24] is an encrypted file-sharing and e-mail application. For e-mail, after Preveil is installed, it
creates a set of mailboxes for encrypted messages stored on PrevVeil’s server. It can be used with Gmail and
Outlook e-mails. If a PreVeil user sends an e-mail to another PreVile member, the message will be
automatically encrypted; if the recipient is not a PreVail user, the message will be sent as regular mail or
selected to be sent encrypted, then the recipient will be invited to join PreViel. It is free for basic features
usage. For a business/professional level, a monthly payment is required. Using PreVeil, one needs to have an
e-mail account while our work is free from applying for an account.
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Signal [25] is a free encrypted application for private messaging on Android and iOS mobile and Desktop.
However, to use Signal on a desktop, one must first install it on his mobile phone. Signal supports secure
conversation, shared photos, and video calls.

Work by (Livington et al. [26]) also has a class of encryption that provides a client-side encrypt-on-receipt
mechanism. Still, as we learn from Snowden [27], most of the work now is done at the server level or by
infiltration or official request, as it was done with “Silent Mail” whereby the data is checked as soon as it
reaches the Imap server, and before encryption whatever you are sending or receiving mail. In the case of
receiving, the user receives the ciphertext, the key decrypts it, and the spy so�ware reads it. Whether working
for the government or not, a good hacker can infiltrate a mail server. This type of encryption will protect your
data during transport but will not offer the complete security of someone with sensitive data.

4. Conclusions
As our world becomes increasingly digital, the importance of privacy and security has grown significantly.

Communication has been one very important facet of coping with the challenges induced by societal digitization. We
need a multidisciplinary approach to develop the necessary tools for communication. It is crucial to balance
usability and security, so Gid Crypto was designed with these considerations in mind. We aimed to make the
application as secure as possible while being user-friendly and easy to navigate. Thus, Gid Crypto was
designed to encrypt e-mail messages, text files in .doc or .docx, and CSV file formats. We also must remember
that we live in a world of constant evolution where progress is advancing rapidly. So, Gid Crypto was created
with a flexible architecture that allows updates and upgrades.

Gid Crypto is a compact yet potent application explicitly designed for users seeking absolute control over
their data encryption process. It stands apart from other e-mail encryption systems, which sometimes have
potential backdoors compromising security. Gid Crypto guarantees no such vulnerabilities exist, offering
users peace of mind. It is an ideal choice for ensuring the seamless operation and enhanced security of a Silent
Mail system. With its advanced encryption algorithms and robust functionality, Gid Crytpo is exceptionally
well-suited for safeguarding the privacy and security of sensitive data. It provides a reliable solution to
complete a Silent Mail system and ensure the secure exchange of information.

We understand that our current work has limitations, particularly in terms of the accessibility of data that
needs to be encrypted and the evolving field of cryptanalysis. To overcome these limitations, our goal is to
enhance our work by introducing a function that enables the direct importation of file formats such
as .docx, .pdf, and excel into the application. Additionally, the current version of our work does not negotiate
any communication channel, but we are considering implementing this in future performance.

Currently, our main focus is creating a new method for enhancing security by using the distinct
randomness present in images. By utilizing parallel processing and an efficient randomness extractor, images
can exhibit a high level of randomness. Our ultimate aim is to create a complete and extremely secure
cryptographic system that can be used to protect data.
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Abstract: Gymnocalycium mihanovichii LB2178 Agua Dulce is a succulent 
species popular in many areas. It has been cultivated for a long time. It is 
considered one of the easiest cacti to grow in Thailand. Therefore, the objective 
of this study was 1)  to study the effect of Chlorine dioxide (ClO2) on culture 
medium sterilization on micropropagation of G. mihanovichii LB2178 Agua 
Dulce. and 2) to study the effect of Chlorine dioxide on shoot and root induction 
of G. mihanovichii LB2178 Agua Dulce. The G. mihanovichii LB2178 Agua Dulce 
seeds were used as plant material. After 2 months of culture, the results showed 
that MS medium supplemented with 50 ppm ClO2 gave the highest survival rate 
at 54.17%. After 3 months of culture, the results showed that shoot and root 
induction can be achieved in G. mihanovichii LB2178 Agua Dulce seeds were 
cultured on MS medium supplemented with 50 ppm ClO2 gave the highest 
number of roots at 9.00 roots/explant, length of root 3.45 cm, length of shoot 0.54 
cm and diameter of shoot 0.44 cm. 
 
Keywords: Gymnocalycium mihanovichii LB2178 Agua Dulce; Chlorine dioxide;  
                     in vitro 
 
1. Introduction 
Cactus is a plant in the family Cactaceae (Mila sp.) and is a native plant that 
originates in the desert. It is a plant with a strange stem shape and is different 
from other plants in that the stems of almost all varieties are leafless. The trunk 
has a wax coating to reduce dehydration on the trunk surface. The stem has 
green chlorophyll, which performs photosynthesis instead of leaves [1]. A study 
report from The Global Succulent & Cactus Plants Market Report 2021 revealed 
that the cactus and succulent plant market will have an average overall growth 
of 16.8% per year for over 6 years until 2027. Many species of cactus grow only 
in certain areas. It tends to grow slowly, making it popular among people who 
love cacti and collectors especially interested in rare plant species [2].  

In Thailand, Gymnocalycium cacti are popularly called "Gymno". There 
are many species, but G. mihanovichii LB2178 Agua Dulce is a popular species to 
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grow. It is the cactus species G. mihanovichii LB2178 Agua Dulce. The code LB2178 is the code that a Dutch 
botanist, an expert in this genus named Mr. C.A. Ludwig Bercht, found and collected samples from its origins 
in the Agua Dulce area, Alto Province, Paraguay, since 2000. It has a round stem. The number of lobes in 
LB2178 usually ranges from 9 up to 13 lobes. The ridges are thin. The next distinctive feature is the surface. 
You will see a green pattern alternating with dark green or black. It will look slightly raised. This pattern is 
called the "chevron" or bone pattern. The more frequent the chevrons, the more beautiful they look, and the 
price will be higher. Because it is easy to grow and beautiful, G. mihanovichii LB2178 Agua Dulce is a popular 
cactus. It has been cultivated for a long time. It is considered one of the cacti that are easy to grow in Thailand, 
and it is also a type that is popular worldwide. Furthermore, some types are popular and have a higher price 
than normal [3].    
 This genus of cacti has been cultivated and bred for a long time, resulting in hybrids that are different 
from the original, such as the spotted gymnosperm or some with longer and larger thorns resistant to hot 
weather. In addition, the cactus species G. mihanovichii LB2178 Agua Dulce is also in demand in the market 
because it is a beautiful ornamental plant. It can be propagated by separating shoots, or if you want a large 
number, you must use seeds. This takes approximately 1-3 months, causing delayed propagation and easy 
diseases such as fungal diseases. This is usually found during the rainy season due to the humid air of cacti 
that have been cultivated and bred for a long time, resulting in hybrids that are different from the original, 
such as the spotted gymnosperm, or some with longer and larger thorns that are resistant to hot weather [4].  
This results in the death of the cacti, and there is not enough for commercial production. Plant tissue culture 
techniques have been introduced to help increase the number of plants to a large quantity in a short period. It 
can also be applied in plant breeding to propagate plants commercially. Studies have shown that plant cell 
culture is a process of growing cells under sterile conditions, reducing the time needed to produce new plants 
and creating new characteristics in the plant cells we want to culture through induced mutations [5]. Tissue 
culture can quickly increase the number of plants in large quantities. Techniques for sterilizing culture media 
are an important step that affects the success of plant tissue culture. An autoclave is a standard method for 
sterilizing media preparation before plant parts are placed in the culture. This requires expensive equipment 
and electricity for sterilization. Chemical methods, such as adding silver nanoparticles, can synthesize options 
for making media sterile. This may involve using toxic chemicals in the synthetic process and be expensive 
[6]. And the addition of Chlorine dioxide (ClO2), a synthetic chemical that can eliminate bacteria, fungi, and 
viruses. It is effective in a wide pH-alkaline range from 3.0 to 9.0, resulting in a high sterility percentage. Does 
not react with organic substances. Able to remove contaminants well, even with low concentrations. Moreover, 
it saves time. The preparation method is not difficult and provides better efficiency in developing new plants 
than sterilization with a steam autoclave [7]. There are reports of using ClO2 for plant tissue culture, such as 
Krajood culture, by adding ClO2 at a concentration of 25 mg/l in the culture medium to create sterile conditions 
for cultivating krajood in a bioreactor, immersion, and aeration system [8]. To test the chemical sterilization of 
culture medium using ClO2 for in vitro gerbera cultivation. ClO2 could replace autoclaving with the production 
of a sterilized culture medium without phytotoxic problems to Gerbera in vitro cultivation [9]. In addition, it 
has been reported that ClO2 is used to sterilize the medium for potato tissue culture. To identify alternative 
methods of sterilizing culture conditions, the disinfection effects of ClO2 at 88.0, 29.3, 17.6, 12.6, and 8.8 μM 
were evaluated in potato medium and vessels. The potato seedlings had similar morphological features as 
those grown on autoclaved medium, with some exceptions. [10] 
 Currently, there are studies on the tissue culture of cactus seeds of various species, resulting in large 
quantities of plants quickly. Healthy seedlings with healthy shoots and roots will increase their survival rate 
after being removed from sterile conditions. Using tissue culture technology increases the potential for 
development in breeding, resulting in a new species of cactus reducing the removal of plants from their natural 
state. Currently, there are no reports of using ClO2 in cacti tissue culture in sterile conditions. Therefore, this 
research studied the effect of ClO2 on the sterilization of culture media and the effect of ClO2 on the induction 
of shoots and roots of the cactus strain G. mihanovichii LB2178 under sterile conditions.  As an alternative to 
solving the problem of microbial contamination in tissue culture, it helps increase work speed by reducing 
steps in preparing synthetic food instead of using an autoclave. 
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2. Materials and Methods 
2.1 Plant materials 
 After pollination, a planted parent plant, G. mihanovichii LB2178 Agua Dulce seed pieces, was 
extracted from the pods and immersed in distilled water to select and discard floating seeds. The seeds were 
wrapped in nylon cloth and tied tightly with sewing thread. After that, they were soaked in 70%  alcohol for 
30 seconds and then dipped in a 20% sodium hypochlorite (Chlorox) solution for 20 minutes. I added 2 drops 
of Tween 20 and rinsed it with distilled water sterile. Three times in an aseptic environment with a laminar 
flow cabinet.  
 
2.2 Effect of Chlorine dioxide (ClO2) on G. mihanovichii LB2178 Agua Dulce micropropagation through 
culture medium sterilization  
 The seeds of G. mihanovichii LB 2178 Agua Dulce were cultured on autoclaved Murashige and Skoog 
(1962) [11] (MS) free medium at 1.05 kg/cm2, 121oC for 15 min and MS medium supplemented with 0, 10, 25, 
50, 75 and 100 ppm ClO2. All culture mediums were supplemented with 30 g/l of sucrose and 8 g/l of agar. The 
pH was adjusted to 5.7. The culture was kept in 3000 lux light-intensity for 14 hours per day at 25±2 °C and 
subcultured every 4 weeks on the same medium component for 3 months. The percentage of contamination 
of the culture medium, percentage of contamination over a four week, and percentage of survival rate were 
recorded. The germination was evaluated daily for 20 days after the first seed germinated, considering the 
emission of radicle as evidence of germination. The variables used in the analysis were germination (%G), 
mean germination time (MGT), and germination speed index (GSI) [12]. The experiment design was 
completely randomized design (CRD), and the mean differences were compared using Duncan's multiple 
range test (DMRT). 
 
mean germination time (MGT) 

                                                                                  MGT = (∑ni ti)/∑ni)                                                                        (1) 
 
 Where ni = number of seeds that germinated in a day “i,” and ti = day “i” in evaluated time 
 
germination speed index (GSI) 

GSI = ∑(ni/ti)                                                                                 (2) 
 

 where ni = number of seeds that germinated in day “i” ti = day “i” in evaluated time 
 
2.3 Effect of Chlorine dioxide on proliferation and induction of shoot and root of G. mihanovichii LB2178 
Agua Dulce 
 The shoots of G. mihanovichii LB 2178 Agua Dulce derived from previous experiments were tested. 
They were cultured on autoclaved MS-free medium at 1.05 kg/cm2, 121 °C for 15 min and MS medium 
supplemented with 0, 10, 25, 50, 75 and 100 ppm ClO2. All culture media were supplemented with 30 g/l of 
sucrose and 8 g/l of agar. The pH was adjusted to 5.7. The culture was placed in 3,000 lux light-intensity for 14 
hours per day at 25±2 °C and subcultured every 4 weeks on the same medium component for 3 months. The 
number of roots, root length, shoot length, and shoot diameter were recorded. The experiment design was 
planned using a completely randomized design (CRD), and the mean differences were compared using 
Duncan's multiple range test (DMRT). 
 
2.4 Statistical analysis  
 A completely randomized design with 3 replicates (each with 10 explants) was performed for 
experimental design and statistical analysis. Data was analyzed using ANOVA. 
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3. Results and Discussion 
3.1. Effect of Chlorine dioxide on G. mihanovichii LB2178 Agua Dulce micropropagation through culture 
medium sterilization 
  The seeds were cultured on autoclaved MS-free medium and MS medium supplemented with various 
concentrations of ClO2. The result found that MS medium supplemented with 0 and 10 ppm ClO2 gave the 
highest percentage of contamination, 100 %, followed by MS medium supplemented with 25, 50, and 75 ppm 
ClO2, 70.17%, 55.83%, and 45.83%, respectively. Autoclaved MS medium and MS medium supplemented with 
100 ppm ClO2 gave the same percentage of contamination, 0.00 %, significant difference at p≤0.05. For the 
percentage of survival rate, the result found that seeds of G. mihanovichii LB 2178 Agua Dulce were cultured 
on MS medium supplemented with 50 ppm ClO2 gave the best survival rate at 54.17 %, followed by MS 
medium supplemented with 75 ppm ClO2 and autoclaved MS medium, 32.50% and 21.26% respectively, 
significant difference at p≤0.05. (Table 1 and Figure 1) 
 This study found that high concentrations of ClO2 were effective in killing a germ both in seeds of G. 
mihanovichii LB 2178 Agua Dulce and culture media. Still, low concentrations of ClO2 were not able to control 
contamination. According to reports, using an Oreactor system and 100 parts per million ClO2 effectively 
eliminated fungal contamination in Phulae pineapple cultivation. However, high levels of ClO2 cause the 
growth of Phulae pineapple to stop in the early stages and improve growth. After culturing for 2 months, ClO2 
has been reported to be used in the culture of other plants [13], such as using ClO2 to sterilize the medium for 
potato tissue culture. To substitute techniques for disinfecting culture conditions, the disinfection effects of 
ClO2 at 88.0, 29.3, 17.6, 12.6, and 8.8 μM were evaluated in potato medium and vessels. During a 30-minute 
fumigation process, the ≥12.6 μM gaseous ClO2 efficiently disinfected the vessel, and its aqueous solution 
similarly effectively disinfected the potato medium. In the presence of 12.6 μM ClO2 in the medium, with a 
few exceptions, the potato seedlings' morphological characteristics were comparable to those of those grown 
on autoclaved medium [14]. Comparing media sterilized by autoclave to media sterilized with ClO2 for 
Gerbera tissue culture is consistent with this finding. It was found that Gerbera grew better in the killed media 
sterilized with ClO2. It also grows better than those grown on media sterilized media using an autoclave. ClO2 
is effective in killing bacteria, fungi, and viruses. It is stable in solutions with a pH of 3.0-9.0. Moreover, 
sterilizing media with ClO2 is not easy. Fortunately, there is no need to use the autoclave method, which 
necessitates costly instruments and electrical power [15]. Additionally, it states that ClO2 is a gas that dissolves 
in water and does not react with it. Effective in killing microorganisms even when used in small amounts. and 
does not create chloramine, which is toxic to animals. This research found that there was no statistically 
significant difference in the fresh weight of seedlings grown on autoclaved media and media supplemented 
with ClO2. It demonstrates that, in sterile conditions, Black Miracle Nepenthes seedlings are not toxically 
affected by low concentrations of ClO2. Additionally, it was discovered that there was no difference in the 
growth outcomes of seedlings grown on autoclaved media and media supplemented with 5 ppm ClO2. 
Although the mode of action of Chlorine in microorganisms is not fully elucidated, the ClO2 acts by destroying 
cell membranes and oxidizing intracellular components of microorganisms [16]. Tested ClO2 and liquid 
Chlorine in water and demonstrated that ClO2 killed several types of bacteria more effectively than liquid 
Chlorine and is superior to Chlorine against spore-forming bacteria; thus, they concluded that ClO2 was a safe 
and effective alternative disinfectant for the treatment of water. ClO2 acts by transferring electrons; it 
penetrates the cell wall easily, dehydrating and destroying the cell membrane and finally oxidizing the 
intracellular components of both Gram-positive and Gram-negative microorganisms [17]. The polar nature of 
ClO2 contributes to its sanitizing and sporicidal action due to its higher solubility in complex organic molecules 
such as the components of most viruses and bacteria [18].  
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Table 1. The percentage of contamination and survival rate of G. mihanovichii LB2178 Agua Dulce was cultured 
on an autoclaved culture medium and sterilized with different concentrations of Chlorine dioxide 

* = significant difference at p ≤ 0.05 

 
 
Figure 1. Survival rate formation of G. mihanovichii LB2178 Agua Dulce was cultured autoclaved or sterilized   
                 with different concentrations of Chlorine dioxide 
 
 The initial germination of G. mihanovichii LB 2178 Agua Dulce was observed 20 days following the 
experiment. The different concentrations of ClO2 interfered in germination for each variable under study, and 
there was interaction between mediums in the evaluated variables. It was found that G. mihanovichii LB 2178 
Agua Dulce seeds germination on MS medium supplemented with 50 ppm ClO2 gave the highest germination 
at 61.67 %. Regarding G. mihanovichii LB 2178 Agua Dulce's germination time, the result found that G. 
mihanovichii LB 2178 Agua Dulce seeds germination on MS medium supplemented with 50 ppm ClO2 gave the 
highest germination time at 15.50 days, followed by MS medium supplemented with 75 ppm ClO2 (10.23 days) 
and autoclaved MS free medium (7.77 days), respectively. While MS medium supplemented with 0, 10, 25, 
and 100 ppm, ClO2 gave germination time at 0.00 day, significant difference at p≤0.05. Germination speed 
index studies, the result found that seeds of G. mihanovichii LB 2178 Agua Dulce were cultured on MS medium 
supplemented with 50 ppm ClO2 gave the highest germination speed index at 0.11, followed by MS medium 
supplemented with 75 ppm ClO2 (0.06) and autoclaved MS free medium (0.04). While MS medium 
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supplemented with 0, 10, 25, and 100 ppm, ClO2 gave a germination speed index of 0.00, a significant difference 
at p≤0.05. (Table 2). MS medium supplemented with 50 ppm ClO2 gave the highest germination than other 
mediums because it is a concentration that does not damage seeds and helps reduce their dormancy period. 
As a result, seeds grown on MS medium with 50 ppm ClO2 germinate at the fastest pace possible. Furthermore, 
ClO2 effectively destroys viruses, fungi, and bacteria in the culture medium. This helps reduce the percentage 
of contamination in the culture medium. Corresponding with the report, the nutrient media recommended for 
in vitro germination of Micranthocereus flaviflorus is 1/2MS since it is the most economical option and has 
nutrients to allow healthy initial development of seedlings. Similar results were found for other plants. [19] 
Similar results were found for other plants, such as the effect of culture medium on seed germination and 
seedling performance, which was studied with a significantly higher number of seeds germinated per day on 
1⁄4 and 1⁄2 MS media strengths than on full and 1⁄4 strengths of MS media. The highest GRI (7.74 seeds/day) 
was obtained for the gelrite culture, which differed significantly from the GRI for all strengths of MS media 
except the 1⁄4 strength. However, these seed cultures proved unsustainable for seedling establishment, which 
was best supported on a full-strength MS medium. In vitro seed propagation of Hibiscus coddii subsp. barnardii 
could be beneficial for faster commercial production of seedlings. [20] 
 
Table 2. Effect of Chlorine dioxide on germination (%G), mean germination time (MGT), and germination   
               speed index (GSI) of G. mihanovichii LB2178 Agua Dulce seeds were cultured on autoclaved culture   
               medium and sterilized with different concentrations of Chlorine dioxide 

* = significant difference at p ≤ 0.05 
 
3.2. Effect of Chlorine dioxide on proliferation and induction of shoot and root of G. mihanovichii LB2178 
Agua Dulce  

The shoots of G. mihanovichii LB 2178 Agua Dulce were cultured on autoclaved MS-free medium and 
MS medium supplemented with 0, 10, 25, 50, 75, and 100 ppm ClO2. The result found that shoots of G. 
mihanovichii LB 2178 Agua Dulce were cultured on MS medium supplemented with 50 ppm ClO2 and gave 
the highest number of roots at 9.00 roots/explant, root length at 3.45 cm, shoot length at 0.54 cm and shoot 
diameter at 0.44 cm., significantly different (p≤0.05) (Table 3). Shoots generated from G. mihanovichii LB 2178 
Agua Dulce seeds germinated in a medium supplemented with 50 ppm ClO2 were round and dark green. The 
characteristics of the roots are fibrous roots, long and slender, and light brown (Figure 2). 
 The study found that the concentration of ClO2 affects the induction of shoots and roots of G. 
mihanovichii LB 2178 Agua Dulce seedlings. Because ClO2 prevents cell expansion, high concentrations cause 
the plant to grow slowly, reducing growth in an autoclaved medium. This is because heat exposure during 
autoclaving might lead to the decomposition of some nutrients. As reported, Gerberas grown on medium 
supplemented with ClO2 grew as well or better than gerberas grown on autoclaved medium. This may be 
because sterilization causes some nutrients to be lost from the use of high heat [21]. While reported on a study 
that contrasted the amounts of ClO2 (1-25 mg/l) to the in vitro culture of fragrant rice parts to increase the 
number of shoots, it was found that bacterial and fungal contamination happened after the culture was kept 

Chlorine dioxide 
(ppm) 

Germination 
(%) 

Mean Germination 
Time 
(days) 

Germination 
speed index 

sterilized 31.67b 7.77b 0.04b 
0 0.00c 0.00c 0.00c 

10 0.00c 0.00c 0.00c 
25 0.00c 0.00c 0.00c 
50 61.67a 15.50a 0.11a 
75 39.17b 10.23b 0.06b 

100 0.00c 0.00c 0.00c 
F-test * * * 

C.V.(%) 1.18 1.42 1.54 
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for three days. While the number of shoots could be increased up to 12 when the sterile parts were grown in 
a medium with 25  mg/l ClO2, when compared to those grown in a medium sterilized by autoclave, it was 
found that the plates could be increased. The number of shoots can be doubled. This is because steam 
sterilization with an autoclave is a sterilization method for tissue culture medium that changes the chemical 
composition of the medium, such as some nutrients being lost from using heat, to make it sterile [22]. 
Additionally, sterilizing media with ClO2 can prolong the sterilizing effect. However, it is also a strong 
oxidizing agent that can cause stress to potato seedlings. Thus, the effect of ClO2 on the growth of potato 
seedlings requires further systematic evaluation. In this study, the morphological indices, including plant 
height, root length, branches, and biomass, decreased with increasing ClO2 concentrations. Although some 
differences were observed among the three cultivars when cultured on Chlorine dioxide -sterilized media, 
seedlings cultured on 12.6 μM Chlorine dioxide -sterilized media were morphologically like those cultured on 
autoclaved media. In addition, microtubers induced on 17.6 μM ClO2 sterilized media maintained an aseptic 
niche for two months, like autoclaved media [23]. The similar morphological features and rates of microtuber 
induction between autoclaved and ClO2 sterilized media align with previous studies, including [24]. Recently, 
[25] reported that the elimination of epidermal wax from explants increased the in vitro growth of lily, 
suggesting that the status of explants is a probable factor that affects plant tissue culture. When disinfecting 
plant explants for tissue culture, a balance should be maintained between antimicrobial effects and plant cell 
viability [26] 
 
Table 3. Effect of Chlorine dioxide on shoot and root induction of G. mihanovichii LB2178 Agua Dulce were   
                cultured on an autoclaved culture medium and sterilized with different concentrations of Chlorine   
                dioxide 

* = significant difference at p ≤ 0.05 
 
 

 

 

 

 

 
 
Figure 2.  Characteristics of shoot and root formation of G. mihanovichii LB2178 Agua Dulce were cultured on 

MS medium supplemented with 50 ppm of Chlorine dioxide after culturing for 3 months (bar = 1 
cm) (A) shoot formation   (B) root formation 

Chlorine dioxide 
(ppm) 

Number of roots 
(roots/explant) 

Length of root 
(cm) 

Length of shoot 
(cm) 

Diameter of shoot 
(cm) 

sterilized 2.53c 0.53c 0.23c 0.18c 
0 0.00d 0.00d 0.00d 0.00d 

10 0.00d 0.00d 0.00d 0.00d 
25 0.00d 0.00d 0.00d 0.00d 
50 9.00a 3.45a 0.54a 0.44a 
75 4.07b 1.38b 0.34b 0.29b 

100 0.00d 0.00d 0.00d 0.00d 
F-test * * * * 

C.V. (%) 0.71 1.02 0.79 0.69 

A B 
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4. Conclusions  
 The results showed that G. mihanovichii LB2178 Agua Dulce can be propagated using in vitro 
techniques. After 2 months of culture, the results showed that  MS medium supplemented with 50 ppm ClO2 
gave the highest survival rate at 54.17%. The initial germination of G. mihanovichii LB 2178 Agua Dulce was 
observed 20 days following the experiment. It was found that G. mihanovichii LB 2178 Agua Dulce seeds 
germination on MS medium supplemented with 50 ppm ClO2 gave the highest germination at 61.67 %, the 
highest germination time at 15.50 days, and the highest germination speed index at 0.11. After 3 months of 
culture, the results showed that shoot and root induction can be achieved in G. mihanovichii LB2178 Agua 
Dulce seeds were cultured on MS medium supplemented with 50 ppm ClO2 gave the highest number of roots 
at 9.00 roots/explant, length of root 3.45 cm, length of shoot 0.54 cm and diameter of shoot 0.44 cm. Sterilization 
by ClO2 may help increase efficiency and an alternative to solving the problem of microbial contamination in 
tissue culture. It also helps increase work speed by reducing steps in preparing synthetic food instead of using 
an autoclave. 
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