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Abstract 

Biogas, a sustainable energy source produced from anaerobic digestion 

of organic materials, holds significant potential in Nepal due to its 

abundant agricultural resources. This study investigates the production 

of biogas from cow dung integrating a microbial electrolysis cell (MEC) 

system to enhance performance of biogas production under low-

temperature (15 ± 0.5°C). The biogas production process was assessed 

using a pilot-scale MEC system optimized at 2.5 V and 1:5 dilution. 

Performance metrics included biogas yield, methane content, and COD 

reduction. The MEC integration significantly improved biogas 

production, with a 20-fold increase at 2.5 V compared to the control 

reactor at 15°C. Scaling up to an 8.5 L pilot system demonstrated a 

fourfold increase in biogas production. Optimal conditions of 2.5 V and 

1:5 dilution resulted in an 84.21% COD reduction at 15°C, increasing to 

88.28% at the pilot scale. Molecular identification of microbial consortia 

isolated from biogas production medium were specifically Bacillus 

cereus, Bacillus paramycoides, Bacillus licheniformis and Priestia flexa 

which play crucial role in organic matter degradation and electron 

transfer in MEC operation at low temperature. Hence, integration of 

MEC technology substantially enhances biogas production and organic 

waste treatment efficiency, particularly at low temperature.  
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Introduction 

A viable source of renewable energy in Nepal is 

domestic biogas technology. Domestic biogas 

technology is widely used in Nepal's peri-urban and 

rural regions, and it may be scaled up to take the 

place of solid fuel cook stove (Lohani et al., 2022). 

In Nepal, wood is the most common fuel for 

cooking, followed by LPG, biogas, and other fuels 

including kerosene and electricity. Traditional 

indoor burning on inefficient indoor stoves or open 

fireplaces has caused numerous serious public 

health issues as well as environmental issues. 

Homes with inadequate ventilation expose 

occupants to a variety of air contaminants, including 

deadly carbon monoxide and particles smaller than 

2.5 mm, which have been linked to cataracts, 

cardiovascular problems, respiratory illnesses and 

cancer (Gross et al., 2017). 

Typically, biogas is composed of 50–70% methane, 

30–40% carbondioxide, 5–10% hydrogen, 0-3% 

nitrogen, and trace amounts of hydrogen sulfide. 

Methane is the major energy carrier in biogas, which 
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has a greater heating value of around 38 MJNm-3 and 

is produced by anaerobic decomposition of organic 

substrates (Gross et al., 2017). Anaerobic digestion 

(AD) helps to dramatically minimize the possibility 

of seepage of nitrates into groundwater, releasing 

nitrates and pathogens into surface water, and 

emitting aromas from storage lagoons. The digested 

organic substrates may be used as a beneficial 

fertilizer because of the increased nitrogen 

availability and decreased pathogen survival. 

According to widespread consensus, AD occurs in 

three steps that follow each other: the hydrolysis or 

solubilization phase, the acidogenesis or acid-

producing phase, and the methanogenesis or 

methane-producing phase (Weiland, 2010).  One of 

the crucial factors of AD is temperature because it 

has a great impact on microbial communities, thus 

varying the efficiency and stability of the digestion 

process. Methane-producing bacteria perform 

optimally at temperature ranging from 30-40°C or 

from 48-60°C (Baweja, 2018). Nepal, with diverse 

altitudes and climates across its regions, may 

experience impacts on biogas production in its 

cooler areas. Lowering temperature during winter 

season decreases the biogas production because low 

temperature result in reduced activity and growth 

rate of methanogens. To minimize the effect of low 

temperature, microbial electrolysis cell (MEC) can 

be integrated with AD to enhance the biogas 

production (Liu et al., 2016). An external voltage is 

applied between the electrodes to surpass the 

thermodynamic barrier. Integrating a MEC-AD 

system enhance performance through several key 

benefits: boosting methane production, stabilizing 

processes more effectively, achieving thorough 

removal of organic matter, efficiently producing 

methane from hydrogen ions and volatile fatty acids 

(Carrillo-Peña et al., 2024). This research attempts 

to enhance production of biogas using electro-

methanogenesis technology. 

Materials and Methods 

Sample collection 

Sample of fresh cow-dung was collected from a 

cow-farm in Kirtipur, Kathmandu. 

Physiochemical analysis of sample 

For pH analysis, sample was mixed with distilled 

water, 1:10 dilution and measured pH (HI2002-02 

Edge® pH Meter, HANNA) (Estefan et al., 2013). 

The Association of Official Analytical Chemists' 

(AOAC, 2000) guidelines were followed in 

determining the total solid (TS) and moisture 

content for which sample was weighed and heated at 

105 °C overnight. The dried sample was kept in 

muffle furnace at 550 °C for 2 h to determine ash 

content and volatile solid (VS) content. For 

determination of chemical oxygen demand (COD), 

sample was digested using digestion solution and 

catalyst solution and 1000 mg/L potassium acid 

phthalate was used as standard solution as described 

by Pisal, (2003). The reducing sugar of sample was 

determined spectrophotometrically using DNSA 

method (Miller et al., 1961).  The ammonical-

nitrogen was determined using Nesslers reagent and 

ammonium chloride (1000 mg/l) as standard 

solution. For determination of phosphorus and trace 

elements, sample was digested using H2SO4-

Salicylic acid–H2O2 assay method. The phosphorus 

was determined by spectrophotometer using 

potassium dihydrogen phosphate as standard 

solution while trace elements were determined using 

atomic absorption spectroscopy (Pisal, 2003). 

Biogas production in microbial electrochemical 

cell (MEC) 

For biogas production, inoculum was prepared by 

using indigenous microorganisms present in cow-

dung. About 100 mg of cow-dung was inoculated 

into 100 ml of anaerobic nutrient broth medium and 

subjected to anaerobic conditions for 7 days at 28 °C 

to enrich microbes present in cow-dung 

indigenously. After two to three subcultures, the 

culture was utilized as the inoculum in MEC system 

with or without voltage supply. A pair of carbon felt 

of dimension 10 cm × 3 cm × 1.5 cm were inserted 

into the 2 l three neck round bottom flask to make a 

biological reactor referred as microbial 

electrochemical cell (MEC) anaerobic reactor (Liu 

et al., 2016). The voltage supplied was fixed at 1.5 

V, 2 V, 2.5 V and 3 V. The experimental control was 

constructed in common reactor similar to MEC-

anaerobic reactor without application of voltage. 

Before digestion, anaerobic conditions were 

maintained by eliminating oxygen by the bubbling 

of nitrogen gas for 10 minutes. The gas volume was 

measured using measuring cylinder by downward 

displacement of water and 1 M KOH solution. The 

experiments were carried out at 15 °C and 28 °C. 

The sample was diluted at 1:2, 1:5 and 1:10 ratios. 

The reactors were operated in batch mode for 15 
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days. Samples after 15 days of digestion were taken 

and processed for determination of COD, reducing 

sugar and pH. 

Experimental design for scale up process 

Large scale digestion was carried out in a carboxy 

jar of 10 l size. Treated carbon felt electrodes having 

dimension of 24 cm × 4 cm × 1.5 cm were kept at 6 

cm distance. The sample was diluted at 1:5 ratio, and 

digester was kept at 15°C with 2.4 V supply for 15 

days. Measurement of biogas was done by 

downward displacement of KOH. For analysis of 

composition, gas was collected in a plastic bag and 

analyzed by infrared syngas analyzer. The presence 

of possible different gases like methane, CO2, N2, H2 

etc. was analyzed using gas analyzer. Samples after 

15 days of digestion were taken from the digester 

and processed for determination of COD, reducing 

sugar and pH. 

Molecular identification of microorganism 

Isolation of microorganism 

About 0.1 ml sample after digestion was spread on 

the agar plate of DSMZ 825 Methanobacterium II 

media (MMII). The plates were incubated at 37 °C 

for 24 h in an anaerobic jar. After incubation, the 

different colonies of bacteria were selected and 

isolation of pure culture was performed. Liquid 

culture of bacteria was prepared by inoculating pure 

colony of bacteria into MMII broth culture tube. The 

culture tubes were sealed, kept in anaerobic jar and 

incubated at 37 °C for 24 h (Lozano et al., 2009). 

Molecular characterization of microorganism 

The genomic DNA of isolated microorganism was 

extracted using SDS-based technique from the broth 

culture of isolates (Sambrook & Russell, 2001). The 

amplification of genomic DNA (gDNA) was carried 

out by using 16S rRNA primers. The forward 

primer, U1971-C070-27F-01, 5’-

AGAGTTTGATYMTGGCTCAG-3’, and reverse 

primer, U1971-C070-515R-02, 5’-

TTACCGCGGCKGCTGGCAC-3’ were used. The 

PCR conditions were initial denaturation (94 °C for 

3 min), final denaturation (94 °C for 30 sec), 

annealing (64 °C for 40 sec), extension (72 °C for 1 

min) and final extension (72 °C for 5 min). After 

completion of 28 cycles of PCR, gDNA was run in 

2% gel-electrophoresis at 60 V for 60 minutes and 

was visualized under gel documentation (Hathway 

et al., 2021). The amplicons were subjected to 

sequence analysis. The acquired 16S rRNA gene 

sequences were input into the MUSCLE algorithm 

for multiple sequence alignment and phylogeny tree 

was constructed using Neighbor-joining (NJ) 

method with bootstrap value 1000 using MEGA 

v.11 software. 

Data analysis 

Statistical analysis of data and visualization of 

generated data was done using GraphPad Prism 

8.0.2 (GraphPad Software, 2024), JASP v 0.17.3 

(JASP Team, 2024), and Microsoft office excel 

(Microsoft Corporation, 2018). The associations 

between two categorical values were evaluated 

using chi-square test. Student’s t-test was used for 

both paired and independent sample for 

determination of level of significance. Correlations 

between two datasets were accessed by Pearson 

correlation coefficient test and the level of 

significance was set at p value <0.01. 

Results and Discussion 

Physiochemical characteristics of cow-dung 

substrate 

The physical and chemical characteristics of cow-

dung were shown in Table 1. The pH of sample was 

found to be 7 and moisture content was 85±0.01%. 

Total solid (TS) and volatile solid (VS) were found 

14.705±0.445 % and 78.905±0.389 % respectively. 

Our analysis showed the similarity with the study 

conducted by Gautam et al. (2009); Rawat et al. 

(2019); and Singh et al. (2021) in which TS and VS 

were found to be within range of 15-24% and 80-88 

% respectively. The total chemical oxygen demand 

(COD) of cow-dung was found to be 81.91±1.15 

mg/g. The reducing sugar content of cow dung was 

found to be 105.29±4.07 mg/g, indicating a 

substantial concentration of easily degradable 

carbohydrates. The amount of ammonia 

(0.0054±0.0001 mg/g) and phosphorous 

(0.015±0.001 mg/g), however, in manure is greatly 

affected by moisture, temperature, pH of manure as 

well as different microbiological activities (Bleizgys 

& Naujokienė, 2023). On analysis of trace elements 

and heavy metals, i.e.; iron (0.22 mg/g), zinc 

(0.0053 mg/g) and manganese (0.27 mg/g) were 

found. However, copper and nickel were below the 
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detection limit of the atomic absorption 

spectroscopy (AAS). 

Table 1: Physicochemical parameters of cow-dung. 

Optimization of biogas production at low 

temperature  

Biogas production at low temperature is a crucial 

topic as production rate deeply falls as temperature 

decreases. This might be due to reduction in 

microbial growth and activity at lower temperature. 

To enhance the biogas production at low 

temperature, microbial electrolysis cell can be used 

which provides additional energy to the microbial 

consortium, particularly the electro-active bacteria, 

which can facilitate the degradation of organic 

substrates into the biogas more efficiently under low 

temperature conditions. 

Voltage optimization 

To maximize the biogas production, different 

voltages i.e., 1.5 V, 2 V, 2.5 V & 3 V were applied, 

in which highest biogas production was observed 

from the MEC with 2.5 V, which was found to be 

464 ± 8.49 ml after 15 days. The MEC with 1.5 V, 2 

V & 3 V also showed biogas production of 108.5 ± 

12.02 ml, 251 ± 15.56 ml and 346 ± 5.66 ml 

respectively while control reactor showed least 

biogas production i.e., 20 ± 5.66 ml in 15 days 

(Figure 1). The MEC with 2.5 V produced biogas 

more than 20 times higher than control. The volume 

of gas produced in MEC reactor upon application of 

different voltage was found to be statistically 

significant, which further suggested that when 

voltage was altered, the amount of gas produced in 

reactor was also altered significantly. In a related 

study, Liu et al. (2016) reported that when the 

cathodic potential was 0.90 V, the methane 

production was 5.3–6.6 times higher than that of the 

control group at 10 ºC. The applied voltage drives 

process of electromethanogenesis, as methanogenic 

microbes utilize electrons and protons producing 

methane which is typically coupled with the 

reduction of CO₂, where the applied voltage reduces 

CO₂ to methane at the cathode. This reduction works 

efficiently at certain voltage threshold (Blasco-

Gómez et al., 2017). On top of that methanogens are 

sensitive to the applied voltage. Different 

methanogens might have optimal voltage ranges for 

their activity (Siegert et al., 2015). The increased gas 

generation at low temperatures may be caused by the 

MEC system's improved microbial metabolism in a 

number of ways, including increased activity of key 

enzymes. However, research on the primary 

methane generation pathway, the structure of the 

functioning microbial population, and the activity of 

a crucial enzyme in MES was rarely conducted at 

low temperatures (Wang et al., 2022). 
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Figure 1: Biogas production from MEC with application 

of different voltages at 15 ºC and 1:10 dilution. 

Dilution optimization 

Three dilutions (1:10, 1:5 and 1:2) were used at 

optimized voltage of 2.5 V at 15 °C in which the 

MEC of 1:5 dilution showed the highest biogas 

production of 607 ± 24.04 ml whereas 1:10 and 1:2 

dilution produced 464 ± 8.49 ml and 228 ± 16.97 ml 

biogas respectively. The control system without 

voltage supply with dilution of 1:10, 1:5 and 1:2 

produced 20 ± 5.66 ml, 44.5 ± 3.54 ml and 72.5 ± 

12.02 ml respectively after 15 days (Figure 2). The 

volume of gas produced in MEC reactor upon 

application of different dilution was statistically 

Characteristics of sample Concentration  

Total solid 14.705 ± 0.44 % 

Volatile solid 78.905 ± 0.38 % 

Ash content  21.095 ± 0.38 %  

Moisture Content 85.295 ± 0.445 % 

Total reducing sugar 105.29 ± 4.07 mg/g 

Ammoniacal nitrogen 0.0054 ± 0.0001 mg/g 

Chemical oxygen demand 81.91 ± 1.15 mg/g 

Phosphorus 0.015 ± 0.001 mg/g 

Iron 0.22 mg/g 

Copper Below detection limit 

Nickel Below detection limit 

Zinc 0.0053 mg/g 

Manganese 0.27 mg/g 
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significant (p<0.0001), which further suggested that 

alteration in dilution of substrate results in the 

alteration of biogas production significantly also 

indicated by strong positive Pearson's correlation 

coefficients across dilutions. Lower dilutions is 

likely led to substrate inhibition or mass transfer 

limitations, reducing gas production, whereas higher 

dilutions might have provided insufficient substrate 

for optimal microbial activity, as observed in 

previous studies by Siegert et al. (2015) and Zhang 

et al. (2019). 
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Figure 2: Biogas production by 1:10, 1:5 and 1:2 dilution 

at 15 °C and 2.5 V. 

Scaling up biogas production 

The biogas production was scaled up to pilot scale 

of working volume 10 L at 15 °C, in which MEC 

produced biogas of 3333 ± 29.69 ml and control 

produced 779.5 ± 20.51 ml after 15 days (Figure 3). 

The MEC produced 4 times more biogas as 

compared to control. This significant increase in 

biogas production is likely due to the applied voltage 

(2.5 V as optimized in lab scale) in the MEC, which 

is found to enhance the electrochemical reactions 

and microbial activity, leading to more efficient 

substrate utilization and higher biogas yields 

(Villano et al., 2010). The pilot scale also has higher 

and improved mass transfer and substrate 

availability, which further supports microbial 

activity and this leads in increase in overall gas 

production (Blasco-Gómez et al., 2017; Siegert et 

al., 2015). 

Comparison of biogas collection using KOH and 

water displacement method 

The total collected biogas volume was observed to 

be higher in MEC with water displacement which 

was found to be 741.5 ± 13.44 ml as compared with 

KOH displacement i.e., 607 ± 24.04 ml, indicating 

that 18% of total biogas thus produced was CO2 in 

MEC reactor at 15 °C, 2.5 V and 1:5 dilution (Figure 

4). The biogas produced in control reactor with 

water and KOH displacement was found to be 95.5 

± 2.12 ml and 44.5 ± 3.54 ml respectively, 

suggesting presence of 53% CO2 in total biogas 

composition. The statistically significant difference 

shows that the choice of displacement solution has a 

significant impact on the biogas collection. 

According to Ahn & Logan (2010) and  Mourad et 

al. (2022), KOH resulted a more accurate reflection 

of methane content but overall lower total biogas 

volume was collected comparing to that of water 

displacement method. 
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Figure 3: Biogas production in pilot scale of working 

volume 8.5 l at 15°C, 1:5 dilution and 2.5 V. 
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Figure 4: Comparison of biogas collected by water and 

KOH displacement at 15°C, 2.5V and 1:5 dilution. 

Reduction in pH, COD and reducing sugar after 

digestion 

The COD reduction results (Figure 5a) indicated that 

MEC system significantly enhanced treatment 

efficiency compared to control, with the most 

effective conditions found to be at 2.5 V and a 1:5 

dilution. At this optimized voltage condition, the 

81.59% COD reduction at 15 °C was observed in 

MEC, which increased to 88.28% when applied to 

pilot scale. This COD reduction is more than double 

that of control setup, which signifies MEC's 

performance in organic matter degradation. The 
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COD reduction data showed statistical significance 

with different voltages and dilutions, with p-values 

nearly equal to zero, confirming that 2.5 V and a 1:5 

dilution were optimal for maximizing treatment 

efficiency as stated by Li et al. (2021); Logan et al. 

(2006); Mandal & Das (2018). There was significant 

reduction in soluble reducing sugar using MEC 

under various conditions, with the highest reduction 

(56.03%) observed at 2.5 V and 15 °C (Figure 5b). 

In a similar study, Feng et al. (2010) identified 2.5 

V as optimal for enhancing organic matter 

degradation. According to Prathiba et al. (2022), 

microbial activity and electron transfer efficiency 

are also influenced by substrate concentration. 

A strong correlation was seen between voltage and 

gas production (r = 0.878), as well as COD reduction 

(r = 0.854), suggesting that optimized voltage 

enhance metabolic activity of microorganisms and 

efficiency of degradation of organic substrate. Ding 

et al. (2016); Marmanis et al. (2022) further 

validates our findings. Dilution levels also 

significantly affected MEC performance, with 

correlations between dilution and gas production (r 

= 0.851) and COD reduction (r = 0.972). The pH 

levels remained relatively stable during the 

anaerobic digestion process, with only minimal 

fluctuations observed across various conditions as 

shown in Figure 5c. The pH values consistently 

remained between 6.7 and 7.0, indicating that the 

changes were statistically insignificant for voltage 

optimization as well as for dilution optimization. 

Analysis of biogas composition 

The analysis of biogas composition showed that the 

MEC system produced a significantly higher 

methane content than that of control reactor with 

lower CO₂ level in MEC compared to control reactor 

as shown in Table 2. The statistically significant 

differences in methane and CO₂ composition in 

those reactors (p = 0.02) indicated that MEC also 

helps in enhancing methane production and 

reducing CO₂ content. Thus, we can suggest that the 

MEC system improves the overall efficiency and 

quality of biogas production by increasing the 

methane to CO₂ ratio. Wellinger (2013) and Li et al. 

(2019) suggests that the raw biogas is normally 

composed of methane (50–75%), carbon dioxide 

(25–50%), and smaller amounts of nitrogen and 

other trace elements which  also depends on the 

feedstock used. The higher production of methane in 

MEC reactor may be attributed to the favorable 

condition for efficient electron transfer processes 

that favor methanogenesis over other competing 

microbial processes (Wang et al., 2021; Zhao et al., 

2021). 
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Figure 5: Reduction in a) Chemical oxygen demand b) 

Reducing sugar and c) Change in pH after 15 days of 

digestion under different conditions (1. MEC 1.5V (1:10), 

2. MEC 2V (1:10), 3. MEC 2.5V (1:10), 4. MEC 3V 

(1:10), 5. Control (1:10), 6. MEC 2.5V (1:5), 7. Control 

(1:5), 8. MEC 2.5V (1:2), 9. Control (1:2), 10. MEC 2.5V 

(1:5, 8.5L), 11. Control (1:5, 8.5L), 12. MEC 2.5V 

(1:5,28°C) and 13.  Control (1:5, 28°C)). 
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Table 2: Biogas composition in MEC and control setup 

and their p-value. 

Gas MEC Control Percentage 

of difference 

p-value 

CH4 82.45±1.58 72.66±1.58 11.86 0.02 

CO2 11.35±1.25 20.68±1.59 45.15 0.02 

H2 4.67±0.64 4.41±0.64 5.67 0.71 

Other 1.55±0.30 2.25±0.66 31.18 0.30 

Isolation and molecular identification of 

microorganisms 

From the sample after digestion in MEC, four 

different bacteria (MK1, MK2, MK3, and MK4) 

were isolated. The genomic DNA of four isolates 

were extracted and amplified by PCR using 16S 

rRNA primer. The amplified DNA was run on gel 

electrophoresis and visualized under gel 

documentation in which size of the amplified DNA 

of the four isolates was found to be 516 bp, which 

falls just above 500 bp on the ladder as shown in 

Figure 6. 

 

Figure 6: Gel electrophoresis of PCR products; L1, L2, 

L3 and L5 represents amplified DNA of isolate MK1, 

MK2, MK3 and MK4 respectively and L4 indicates 

Generuler 100 bp ladder (0.1 µg/µl). 

The sequences of isolates MK1, MK2, MK3 and 

MK4 showed the evolutionary relationship with 

Bacillus cereus, Bacillus paramycoides, Priestia 

flexa and Bacillus licheniformis respectively based 

on 16S rRNA sequences (Figure 7). Li et al. (2023); 

Senés‐Guerrero et al. (2019); Siddharth et al. (2024); 

Sun et al. (2023) reported that Bacillus species were 

frequently isolated from anaerobic environments, 

including biogas reactors and wastewater treatment 

plants. The close relationship of isolate MK3 with 

Priestia flexa, a relatively lesser-known member of 

the Bacillaceae family, which can degrade mucin 

and is better acclimatization in the human GI 

environment (Deswal et al., 2023) suggests that this 

strain may also play a specialized role in the 

anaerobic digestion process, potentially contributing 

to specific biochemical pathways that support the 

microbial community's stability and efficiency. 

Bacillus species, commonly enriched in cow dung 

due to its nutrient-rich environment (Behera & Ray, 

2021; Bhatt & Maheshwari, 2019), play a crucial 

role during operation of MEC at low temperature. 

These microbes are essential to carry out 

decomposition of complex organic compounds into 

a much simpler forms necessary for sustaining 

microbial processes within the MEC, even at  low 

temperatures i.e. 15 °C (Bazina et al., 2023). These 

species produces cellulases and proteases which are 

necessary for degradation of organic matter, crucial 

at low-temperature environments where microbial 

metabolic rates generally decrease (Li et al., 2019). 

Bacillus species have also been observed to facilitate 

transfer of extracellular electron, an essential 

process in MECs, by forming biofilms on the anode 

that enhance electron transfer from the oxidation of 

organic compounds at an anode to cathode (Chen et 

al., 2019; Yu et al., 2023). The ability of 

extracellular electron transfer is particularly 

significant at low temperatures, where the efficiency 

of electron transfer ability of other various species 

often diminishes, but Bacillus species can sustain 

this process by adopting different changes in 

membrane structure at low temperature (Beranová et 

al., 2010; Deng et al., 2023). 

Conclusion 

The study demonstrates the significant potential of 

microbial electrolysis cells (MEC) in enhancing 

biogas production from cow dung under low-

temperature conditions (15 ± 0.5°C). The optimized 

voltage of 2.5 V led to a substantial increase in 

biogas production. Dilution optimization revealed 

that 1:5 dilution produced the highest biogas yield. 

Additionally, scaling up to a pilot reactor (10 l) 

confirmed the efficacy of MEC. The MEC also 

showed significant reduction of COD and reducing 

sugars. The MEC system enhanced biogas quality, 

increasing methane and reducing CO2 content. The 
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microbial community identified four major strains 

of bacteria showing close evolutionary relationship 

with Bacillus cereus, Bacillus paramycoides, 

Bacillus licheniformis, and Priestia flexa, which 

play crucial roles in organic matter degradation and 

electron transfer, vital for MEC operation at low 

temperatures. These findings effectively illustrated 

the potential of MEC technology to enhance both the 

quantity and quality of biogas production from cow 

dung. 

 

Figure 7: Phylogenetic tree of isolates MK1, MK2, MK3 and MK4.

Acknowledgements 

We are thankful to Research Directorate of 

Tribhuvan University, Nepal for providing financial 

support under National Priority Area Research area 

(Grant no.: TU-NPAR-077/78-ERG-07). 

References 

Ahn, Y., & Logan, B. E. (2010). Effectiveness of 

domestic wastewater treatment using microbial fuel 

cells at ambient and mesophilic temperatures. 

Bioresource Technology, 101(2), 469–475. 

Association of Official Analytical Chemists 

(AOAC). (2000). Official methods of analysis of 

AOAC International (17th ed.). AOAC 

International. 

Baweja, M. (2018). Parametric Evaluation of Bio-

Digestion Process-A Review. American Journal of 

Energy Engineering, 6(1), 6. 

Bazina, N., Ahmed, T. G., Almdaaf, M., Jibia, S., & 

Sarker, M. (2023). Power generation from 

wastewater using microbial fuel cells: A review. 

Journal of Biotechnology, 374, 17–30. 

Behera, S. S., & Ray, R. C. (2021). Bioprospecting 

of cowdung microflora for sustainable agricultural, 



45 Khadka et al. / Biogas production from cow-dung by microbial electrolysis 

 

Journal of Nepal Biotechnology Association, 6 (1), 2025: 37-47 

biotechnological and environmental applications. 

Current Research in Microbial Sciences, 2, 100018. 

Beranová, J., Mansilla, M. C., de Mendoza, D., 

Elhottová, D., & Konopásek, I. (2010). Differences 

in Cold Adaptation of Bacillus subtilis under 

Anaerobic and Aerobic Conditions. Journal of 

Bacteriology, 192(16), 4164–4171. 

Bhatt, K., & Maheshwari, D. K. (2019). Decoding 

multifarious role of cow dung bacteria in 

mobilization of zinc fractions along with growth 

promotion of C. annuum L. Scientific Reports, 9, 

14232. 

Blasco-Gómez, R., Batlle-Vilanova, P., Villano, M., 

Balaguer, M. D., Colprim, J., & Puig, S. (2017). On 

the Edge of Research and Technological 

Application: A Critical Review of 

Electromethanogenesis. International Journal of 

Molecular Sciences, 18(4), 4. 

Bleizgys, R., & Naujokienė, V. (2023). Ammonia 

Emissions from Cattle Manure under Variable 

Moisture Exchange between the Manure and the 

Environment. Agronomy, 13(6), 6. 

Carrillo-Peña, D., Escapa, A., Hijosa-Valsero, M., 

Paniagua-García, A. I., Díez-Antolínez, R., & 

Mateos, R. (2024). Bioelectrochemical 

enhancement of methane production from exhausted 

vine shoot fermentation broth by integration of MEC 

with anaerobic digestion. Biomass Conversion and 

Biorefinery, 14(6), 7971–7980. 

Chen, L., Cao, C., Wang, S., Varcoe, J. R., Slade, R. 

C. T., Avignone-Rossa, C., & Zhao, F. (2019). 

Electron Communication of Bacillus subtilis in 

Harsh Environments. iScience, 12, 260–269. 

Deng, A., Wang, T., Wang, J., Li, L., Wang, X., Liu, 

L., & Wen, T. (2023). Adaptive mechanisms of 

Bacillus to near space extreme environments. 

Science of The Total Environment, 886, 163952. 

Deswal, G., Selwal, M. K., Nirvan, H., & Selwal, K. 

K. (2023). Priestia flexa KS1: A new bacterial strain 

isolated from human faeces implicated in mucin 

degradation. International Microbiology, 26(3), 

475–486. 

Ding, A., Yang, Y., Sun, G., & Wu, D. (2016). 

Impact of applied voltage on methane generation 

and microbial activities in an anaerobic microbial 

electrolysis cell (MEC). Chemical Engineering 

Journal, 283, 260–265. 

Estefan, G., Sommer, R., & Ryan, J. (2013). 

Methods of soil, plant, and water analysis. A manual 

for the West Asia and North Africa region, 3(2013), 

65-119. 

Feng, Y., Yang, Q., Wang, X., & Logan, B. E. 

(2010). Treatment of carbon fiber brush anodes for 

improving power generation in air–cathode 

microbial fuel cells. Journal of Power Sources, 

195(7), 1841–1844. 

Gross, T., Zahnd, A., Adhikari, S., Kaphre, A., 

Sharma, S., Baral, B., Kumar, S., & Hugi, C. (2017). 

Potential of biogas production to reduce firewood 

consumption in remote high-elevation Himalayan 

communities in Nepal. Renewable Energy and 

Environmental Sustainability, 2, 8. 

Gautam, R., Baral, S., & Herat, S. (2009). Biogas as 

a sustainable energy source in Nepal: Present status 

and future challenges. Renewable and Sustainable 

Energy Reviews, 13(1), 248–252. 

Hathaway, J. J., Moser, D. P., Blank, J. G., & 

Northup, D. E. (2021). A comparison of primers in 

16S rRNA gene surveys of bacteria and archaea 

from volcanic caves. Geomicrobiology Journal, 

38(9), 741-754 

Li, C., He, W., Liang, D., Tian, Y., Li, D., Yu, Y., & 

Feng, Y. (2021). The operation characters of 

biocathode microbial electrochemical system with 

microbial separator for domestic wastewater 

treatment: Power generation, long-term stability, 

and organic removal. Journal of Power Sources, 

495, 229785. 

Li, Y., Alaimo, C. P., Kim, M., Kado, N. Y., 

Peppers, J., Xue, J., Wan, C., Green, P. G., Zhang, 

R., Jenkins, B. M., Vogel, C. F. A., Wuertz, S., 

Young, T. M., & Kleeman, M. J. (2019). 

Composition and Toxicity of Biogas Produced from 

Different Feedstocks in California. Environmental 

Science & Technology, 53(19), 11569–11579. 

Li, Y., Sun, L.-L., Sun, Y.-Y., Cha, Q.-Q., Li, C.-Y., 

Zhao, D.-L., Song, X.-Y., Wang, M., McMinn, A., 

Chen, X.-L., Zhang, Y.-Z., & Qin, Q.-L. (2019). 

Extracellular Enzyme Activity and Its Implications 

for Organic Matter Cycling in Northern Chinese 

Marginal Seas. Frontiers in Microbiology, 10, 2137. 

Li, Z., Gao, Y., Lu, Z., Xie, J., Liu, Y., Wang, G., & 

Cheng, X. (2023). Strengthening and microbial 

regulation mechanism of Bacillus on purification 



46 Khadka et al. / Biogas production from cow-dung by microbial electrolysis 

 

Journal of Nepal Biotechnology Association, 6 (1), 2025: 37-47 

device for grass carp culture wastewater. Frontiers 

in Environmental Science, 11, 1128329. 

Liu, W., Cai, W., Guo, Z., Wang, L., Yang, C., 

Varrone, C., & Wang, A. (2016). Microbial 

electrolysis contribution to anaerobic digestion of 

waste activated sludge, leading to accelerated 

methane production. Renewable Energy, 91, 334–

339. 

Logan, B. E., Hamelers, B., Rozendal, R., Schröder, 

U., Keller, J., Freguia, S., Aelterman, P., Verstraete, 

W., & Rabaey, K. (2006). Microbial Fuel Cells: 

Methodology and Technology. Environmental 

Science & Technology, 40(17), 5181–5192. 

Lohani, S. P., Pokhrel, D., Bhattarai, S., & Pokhrel, 

A. K. (2022). Technical assessment of installed 

domestic biogas plants in Kavre, Nepal. Renewable 

Energy, 181, 1250–1257. 

Lozano, C. J. S., Mendoza, M. V., de Arango, M. C., 

& Monroy, E. F. C. (2009). Microbiological 

characterization and specific methanogenic activity 

of anaerobe sludges used in urban solid waste 

treatment. Waste Management, 29(2), 704–711. 

Mandal, S., & Das, N. (2018). Application of 

microbial fuel cells for bioremediation of 

environmental pollutants: An overview. Journal of 

Microbiology, Biotechnology and Food Sciences, 

7(4), 437-444. 

Marmanis, D., Emmanouil, C., Fantidis, J., 

Thysiadou, A., & Marmani, K. (2022). Description 

of a Fe/Al Electrocoagulation Method Powered by a 

Photovoltaic System, for the (Pre-)Treatment of 

Municipal Wastewater of a Small Community in 

Northern Greece. Sustainability, 14, 4323.  

Miller, G. L., Slater, R., Birzgalis, R., & Blum, R. 

(1961). Application of different colorimetric tests to 

cellodextrins. Analytical Biochemistry, 2(6), 521–

528. 

Mourad, A. A.-H., Mohammad, A. F., Al-Marzouqi, 

A. H., Altarawneh, M., Al-Marzouqi, M. H., & El-

Naas, M. H. (2022). Carbon dioxide capture through 

reaction with potassium hydroxide and reject brine: 

A kinetics study. International Journal of 

Greenhouse Gas Control, 120, 103768. 

Pisal, A. (2003). Introduction to Spectrophotometric 

Analysis. Journal of Analytical Methods, 45(3), 

211-219. 

Prathiba, S., Kumar, P. S., & Vo, D.-V. N. (2022). 

Recent advancements in microbial fuel cells: A 

review on its electron transfer mechanisms, 

microbial community, types of substrates and design 

for bio-electrochemical treatment. Chemosphere, 

286, 131856. 

Rawat, N. S., Lathwal, S. S., Panchbhai, G. J., 

Sawant, M. N., Jha, A. K., & Gupta, S. K. (2019). 

Physical and microbial characteristics of fresh urine 

and dung of heifer and lactating Sahiwal cow. 

Journal of Pharmacognosy and Phytochemistry, 

8(1), 2753–2756. 

Sambrook, J., & Russell, D. W. (2001). Molecular 

cloning: A laboratory manual (3rd ed.). Cold Spring 

Harbor Laboratory Press. 

Senés‐Guerrero, C., Colón‐Contreras, F. A., 

Reynoso‐Lobo, J. F., Tinoco‐Pérez, B., Siller‐

Cepeda, J. H., & Pacheco, A. (2019). Biogas‐

producing microbial composition of an anaerobic 

digester and associated bovine residues. 

MicrobiologyOpen, 8(9), e00854.  

Siddharth, Sharma, S., & Pandey, V. (2024). 

Isolation and Characterization of Microorganisms 

Involved in Biogas Production from Agricultural 

Waste. International Journal of Scientific Research 

in Science and Technology, 11, 718–730. 

Siegert, M., Yates, M. D., Spormann, A. M., & 

Logan, B. E. (2015). Methanobacterium Dominates 

Biocathodic Archaeal Communities in 

Methanogenic Microbial Electrolysis Cells. ACS 

Sustainable Chemistry & Engineering, 3(7), 1668–

1676. 

Singh, S., Hariteja, N., Sharma, S., Raju, N. J., & 

Prasad, T. J. R. (2021). Production of biogas from 

human faeces mixed with the co-substrate poultry 

litter & cow dung. Environmental Technology & 

Innovation, 23, 101551. 

Sun, H., Levenfors, J. J., Brandt, C., & Schnürer, A. 

(2023). Characterisation of meropenem‐resistant  

Bacillus  sp. FW 1 isolated from biogas digestate. 

Environmental Microbiology Reports, 16(1), 

e13217. 

Villano, M., Aulenta, F., Ciucci, C., Ferri, T., 

Giuliano, A., & Majone, M. (2010). 

Bioelectrochemical reduction of CO2 to CH4 via 

direct and indirect extracellular electron transfer by 

a hydrogenophilic methanogenic culture. 

Bioresource Technology, 101(9), 3085–3090. 



47 Khadka et al. / Biogas production from cow-dung by microbial electrolysis 

 

Journal of Nepal Biotechnology Association, 6 (1), 2025: 37-47 

Wang, H., Zeng, S., Pan, X., Liu, L., Chen, Y., Tang, 

J., & Luo, F. (2022). Bioelectrochemically assisting 

anaerobic digestion enhanced methane production 

under low-temperature. Renewable Energy, 194, 

1071–1083. 

Wang, X.-T., Zhao, L., Chen, C., Chen, K.-Y., 

Yang, H., Xu, X.-J., Zhou, X., Liu, W.-Z., Xing, D.-

F., Ren, N.-Q., & Lee, D.-J. (2021). Microbial 

electrolysis cells (MEC) accelerated methane 

production from the enhanced hydrolysis and 

acidogenesis of raw waste activated sludge. 

Chemical Engineering Journal, 413, 127472. 

Weiland, P. (2010). Biogas production: Current state 

and perspectives. Applied Microbiology and 

Biotechnology, 85(4), 849–860. 

Wellinger, A. (2013). The biogas handbook: 

Science, production and applications. 

Yu, Q., Mao, H., Yang, B., Zhu, Y., Sun, C., Zhao, 

Z., Li, Y., & Zhang, Y. (2023). Electro-polarization 

of protein-like substances accelerates trans-cell-wall 

electron transfer in microbial extracellular 

respiration. iScience, 26(2), 106065. 

Zhang, Z., Song, Y., Zheng, S., Zhen, G., Lu, X., 

Kobayashi, T., Xu, K., & Bakonyi, P. (2019). 

Electro-conversion of carbon dioxide (CO2) to low-

carbon methane by bioelectromethanogenesis 

process in microbial electrolysis cells: The current 

status and future perspective. Bioresource 

Technology, 279, 339–349. 

Zhao, L., Wang, X.-T., Chen, K.-Y., Wang, Z.-H., 

Xu, X.-J., Zhou, X., Xing, D.-F., Ren, N.-Q., Lee, 

D.-J., & Chen, C. (2021). The underlying 

mechanism of enhanced methane production using 

microbial electrolysis cell assisted anaerobic 

digestion (MEC-AD) of proteins. Water Research, 

201, 117325.

    

 


