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 Anaerobic digestion process is one of the non-thermal technologies of energy recovery to meet 

the ever-growing energy demand of rural areas in developing countries, particularly Ethiopia, 

in a green way. The aim of the present study was to investigate the effectiveness and 

performance characteristics of anaerobic digestion of calabash waste mixed in selected ratios 

with donkey and sheep dung for biogas production. Production of biogas from calabash waste, 

mixed with donkey and sheep dung in ratios 1:1, 2:1, 3:1, and 4:1 by mass, was investigated 

in a 45 L plastic container using a retention period of 20 days and within the mesophilic 

temperature range. The average biogas yield was significantly (P≤ 0.05) influenced by the 

different mixing ratios of calabash waste with dung. The composition of gas generated from 

each ratio ranged (from 67.41-63.81)% CH4, (33.00-26.01)%, CO2, (1.06-0.40)% CO, (3.00-

0.07)% H2O, (0.06-0.02)% NH4,(0.90-0.05)% N, (0.72-0.02)% H, (0.98-0.09) % O2, and 

(0.006-0.001) % H2S. The average biogas yield was 13.5, 11.6, 10.7, and 7.8L respectively for 

1:1, 2:1, 3:1, and 4:1 mixing ratios when calabash waste was mixed with sheep dung. On 

mixing calabash waste with donkey dung, the average biogas yield increased to 16.2, 15.5, 

12.6, and 9.8L respectively for 1:1, 2:1, 3:1, and 4:1 mixing ratios. The results show that 

mixing both dungs with calabash waste in a ratio of 1:1 by mass-produced the highest biogas 

volumes, and higher in donkey dung. The reason behind this is that higher mixing ratios meant 

a higher quantity of waste in the mixture which also implied increased lignin content, and this 

made digestion activities more difficult for the microbes. Reduction in digestion activities of 

the methanogen bacteria resulted in lower biogas yield. The result of the present study has 

shown that anaerobic digestion from calabash waste, mixed with donkey and sheep dung in 

ratios 1:1, 2:1, 3:1, and 4:1 by mass can form a renewable energy that is comfortable and 

environmentally friendly. This energy production process is found to be an easy way of 

replacing fossil fuels. 
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1. Introduction 

Energy is one of the prerequisites for the growth of 

agriculture and industry (Rai and Da Silva, 2017). The 

energy requirements are met mainly through 

commercial energy sources such as oil and natural gas 

(fossil fuel). Fossil fuels are exhausting and their toll on 

humanity is high in terms of environmental degradation, 

the spread of disease, and climate change/global 
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warming via Greenhouse gas (GHG) emissions (Shane 

and Gheewala, 2017). Currently, the prices of these 

commercial energy sources have increased gradually 

and there is a continuous depletion of these scarce 

resources (Arrhenius et al., 2019). The global quest for 

renewable and sustainable energy generation has been 

http://www.ejssd.astu.edu/
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incessantly increasing over the years as the sequence of 

the increasing world population (Arrhenius et al., 2019) 

The world’s demand for energy grows rapidly, and 

therefore, it is time to look for alternative and renewable 

energy resources to replace the rapidly depleting supply 

of fossil fuels. Many countries have realized that biogas 

is a source of energy that is highly needed for 

sustainability transition (Bahr et al., 2014; Nevzorova 

and Kutcherov, 2019). However, the total production 

volume of biogas in developing countries is still 

relatively low (Gemechu, 2020). Such slow 

development raises a fundamental question—what are 

the current barriers hindering the wider uptake of biogas 

as a source of energy. To this end, there is a need for the 

integration of cleaner production technologies in 

solving the world's numerous environmental challenges 

most especially the issues in energy generation and 

utilization by using locally available organic waste and 

dung (Kumar et al., 2014; Faizalet al., 2018). 

Biogas is one of the good and promising sources of 

alternate energy(Sawyerr et al., 2019). This energy can 

be harnessed successfully to meet the existing as well as 

future needs of rural areas. Biogas is a renewable energy 

source produced from organic material (agricultural 

waste, dung, municipal waste, vegetable waste, sewage, 

green waste, or food waste), which is broken down with 

the help of bacteria in an anaerobic (oxygen-free) 

environment (Ighravwe et al., 2018). It has been used as 

a viable alternative fuel for a variety of domestic 

purposes in different countries, notably China and India 

(Muzenda, 2014). Depending on the nature of the 

organic compound, the complexity of the process will 

increase and the step of anaerobic digestion will also 

change to some extent (Mulat and Horn, 2018). In this 

process,  several steps are involved and several 

microorganisms are responsible for these steps of 

anaerobic digestion (Miah et al., 2016). The flow chart  

(steps) of aerobic digestion is depicted in Figure 1 (Ngan 

et al., 2020). 

2. Materials and Methods 

2.1. Materials  

In this experiment, Fresh Calabash wastes, donkey 

and sheep dung, plastic containers, and water were used 

as feedstocks. In this work, a floating dome-type 

collector, that is, a movable gas holder biogas digester 

was used. A gas collector, mixer and grinder (BX-1002) 

were also employed. Necessary chemicals such as ash 

and others were added to regulate the pH change. 

2.2. Methods 

2.2.1. Collection & Preparation of Raw Materials 

Fresh Calabash wastes were collected from around 

Gordema farms, 3km from Bahir Dar City, Ethiopia. 

Sticks, stones, leaves, and other foreign matter were 

then hand-picked from the mass of collected waste, after 

which the waste was chopped, pounded and stirred to 

break into smaller particles to ensure the consistency of 

the mix. Fresh donkey and sheep dung were collected 

from the livestock farms at Zezelema Farms, 5km from 

Bahir Dar city.  Stones and sticks were removed from 

the dung, which was finally thoroughly stirred. 

i) Chemical & physicochemical analysis of blends 

The blends of calabash waste and donkey and sheep 

dung of each ratio were dried and ground into smaller 

particles to increase the surface area of the blends. These 

ground blends were brought to the Soil Research Centre 

at Bahr Dar for further analysis. The analysis of the 

blends was performed at the Department of National 

Soil Research Centre in Bahir Dar following standard 

procedures (Ryan et al., 2001; Tuzen et al., 2008). 

Kjeldahl digestion and distillation apparatuses were 

used to determine the nitrogen (N) content of the blends 

(Hicks et al. 2022). The carbon content of the blends 

was measured with the help of the method found by 

Wang and Geng (2015). A flame photometer was used 

to determine the content of sodium (Na) and potassium 

(K) in the blends (Banerjee and Prasad, 2020). The 

contents of Copper (Cu) and zinc (Zn) in the blend were 

analysed using atomic absorption spectrophotometer 

(Siraj and Kitte, 2013). The content of Phosphorus (P) 

in the blend was analysed by spectrophotometer, the 

method described by Adelowo and Oladeji (2016). The 

content of ammonium (NH4) in the blends was 

determined by the method described by Gates et al., 

(2005). This instrumental analysis was performed in 

triplicates, and the average result was taken. Moisture 

content, ash content, lignin content, total solid and 

volatile solid of the blends of calabash waste with 

donkey and sheep dungs of each ratio were determined 

by the methods described by Sluiter et al., (2008); Pieces 

et al., (2014); Fagerstedt et al., (2015). 
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Figure 1. Flow chart / steps of an aerobic digestion

2.2.2. Biogas production 

The effect of calabash waste mixed with the donkey 

and sheep dung in the ratios 1:1, 2:1, 3:1, and 4:1 for 

biogas production was investigated in a 45L plastic 

container, using a 20-day retention period. Two 

kilograms (2kg) of calabash waste and 2kg of dung were 

measured and mixed thoroughly in a 45L plastic 

container. The mixture was further mixed with 20L of 

water and 0.4kg of firewood ash. The slurry was then 

stirred with a wooden stick to mix the contents 

thoroughly. The pH of the slurry was then checked with 

litmus paper and found to be around 8. A 25 L gas 

collector, with the open end directed into the bio-

digester containing the slurry and having a gas outlet at 

the top was gently pushed into the digester to remove 

any atmospheric gas found in the bio-digester. A hissing 

sound was heard showing that air is being pumped out 

which eventually faded. At this point, the gas outlet was 

closed from where the digestion process for biogas 

generation started. The pH of the slurry was recorded 

daily by using litmus paper. Biogas production was 

measured daily on a volume basis by water 

displacement. The ambient temperatures on site were 

continually measured using a maximum and minimum 

thermometer and recorded throughout the retention 

period. Biogas samples were obtained on Day 6 and Day 

20 of the retention period and the generated biogas was 

collected using a gas collector and analysed for methane 

content using a gas detector, Gas chromatograph- Mass 

spectrometer (GC-MS) (Model: GC-7820A, Agilent 

Technologies; Detector-5977EMSD, USA) Column: 

DB-1701. Instrumental analysis was performed three 

times and average results were taken. 

The same procedure was repeated for ratios 2:1 (2kg 

of waste, 1 kg of dung, and 0.2kg of ash with 15L of 

water added), 3:1 (3kg of waste, 1kg of dung, and 0.1kg 

of ash with 30L of water added) and 4:1 (3.5kg of waste, 

1.5kg of dungs, and 0.2kg of ash with 25L water added). 

Each digestion process was run in triplicates to see the 

reproducibility of the results. 

2.2.3. Statistical analysis 

Statistical data were analysed with SPSS version 23. 

Multi variant (one-way ANOVA with blocking) 

statistical package was used in analysing the average 

biogas measurement for their significance within the 

different mixing ratios and between calabash waste and 

dung. 
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3. Results and Discussion 

3.1. Chemical and physicochemical analysis 

The results of the chemical analysis of blends in each 

ratio such as %K, %P, %NH4, %Na, %Zn, %Cu, 

%Lignin, %moisture content, and % ash are shown in 

Table 1. The results are consistent with other results 

reported elsewhere (Adelekan and Bamgboye, 2009; 

Yaru et al., 2014 andTsapekos et al., 2017). The values 

of moisture content in the blends ranged from (86.861-

88.451) %; this optimum moisture content is favourable 

for the enhancement of biogas yield (Sorathia et al., 

2012). The values of lignin content in the blends ranged 

from (0.941-1.923) %; these lower values are favourable 

for enhancing the methane yield and hydrolysis rate 

significantly (Piątek et al., 2021; Zhang et al., 2021). 

The values of ash content in the blends ranged from 

(2.341-1.792) %; these values are desirable for biogas 

production(Jijai et al., 2017). The contents of 

macronutrients (%K, %P, %Na, and % NH4) and 

micronutrients (% Zn, % Cu) in the blends are desirable 

and good for further application as Bio fertilizer after 

biogas production(Siswanti et al., 2019; Audu et al., 

2020). 

Table 1: Chemical analysis of blends in each ratio 

Blends Ratio %K %P %NH4 %Na %Zn %Cu Lignin,

(%) 

Moisture 

content,% 

%Ash 

Calabash 

Waste 

(CW)  

with 

Donkey 

Dung 

(DD) 

1:1    0.231± 

0.040 

0.085±

0.041 

0.951±

0.081 

0.023±

0.014 

0.003± 

0.002 

0.005±

0.004 

0.941±

0.501 

88.340± 

0.980   

2.051± 

0.090 

2:1 0.512± 

0.051 

0.065±

0.032 

0.842±

0.150 

0.045±

0.023 

0.005± 

0.003 

0.004±

0.002 

1.732±

0.603 

88.30± 

0.871 

1.930 ± 

0.160 

3:1 0.410± 

0.030 

0.042±

0.014 

0.634±

0.109 

0.051±

0.016 

0.004± 

0.002 

0.002±

0.001 

1.568±

0.510 

87.41± 

0.851 

1.981± 

0.510 

4:1 0.321± 

0.021 

0.036±

0.015 

0.581±

0.091 

0.073±

0.034 

0.002± 

0.001 

0.003±

0.001 

1.653±

0.440 

86.92± 

0.691 

1.891± 

0.409 

Calabash 

Waste  

(CW)  

with 

Sheep 

Dung 

(SD) 

1:1 0.234±

0.060 

0.071±

0.031 

0.741±

0.150 

0.054±

0.032 

0.002±

0.001 

0.006±

0.002 

1.521± 

0.075 

87.340± 

0.670 

1.851±  

0.093 

2:1 0.124±

0.045 

0.231±

0.061 

0.651±

0.095 

0.065±

0.014 

0.003±

0.001 

0.005±

0.003 

1.731± 

0.150 

86.861± 

0.643 

1.792± 

0.130 

3:1 0.091±

0.012 

0.141±

0.051 

0.561±

0.034 

0.076±

0.032 

0.001±

0.001 

0.002±

0.001 

1.851± 

0.460 

88.451± 

0.741 

2.341± 

0.230 

4:1 0.312±

0.042 

0.341±

0.043 

0.751±

0.084 

0.077±

0.014 

0.002±

0.001 

0.001±

0.001 

1.923± 

0.270 

87.921± 

0.571 

1.941± 

0.461 

 

Table 2: Physicochemical analysis of blends in each ratio 

Blends  Ratio Total solid 

(%) 

Volatile 

solid (%) 

Carbon 

content (%) 

Nitrogen 

content (%) 

Carbon to Nitrogen 

ratio (C:N) 

Calabash 

Waste with 

Donkey Dung  

 

1:1 4.84±1.20 22.60±0.90 27.12±1.01 1.24 ±0.71 27:1±1.40 

2:1 6.84±1.20 40.32±0.81 24.31±0.81 1.42±0.91 24:1±0.89 

3:1 9.30±0.51 60.12±1.02 24.48±0.52 1.04±0.61 24:1±0.85 

4:1 10.23±0.70 75.31±0.41 26.53±0.72 1.61±1.02 26:1±0.71 

 

Calabash 

Waste with 

Sheep Dung 

1:1 3.76 ±0.53 25.21±0.56 26.65±0.42 1.34±0.61 26:1±0.69 

2:1 5.94±0.92 39.34±0.46 25.41±0.64 1.24±0.95 25:1±0.67 

3:1 8.45±0.74 82.32±0.58 24.54±0.59 1.41±0.68 24:1±0.87 

4:1 11.03±0.85 59.57±0.63 26.54±0.72 1.23±0.69 26:1±1.04 
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The result of the physicochemical analysis of the 

blends in each ratio is shown in Table 2. This result 

agrees with Guarino et al., (2016) and Choi et al., 

(2020). The carbon-nitrogen (C/N) ratio of the blends 

was obtained from the physicochemical analysis. One to 

One (1:1) ratio of waste mixed with donkey dung had 

the highest C/N ratio of 27.12, followed by a 1:1 ratio of 

waste with sheep dung (26.65), 4:1 ratio of waste with 

sheep dung (26.57), 2:1 ratio of waste with sheep dung 

(25.41), 3:1 ratio of waste with sheep dung (24.54), 3:1 

ratio of waste with donkey dung (24.48), and 2:1 ratio 

of waste with donkey dung  (24.31). Generally, all the 

selected ratios had the optimum C/N ratio, and this 

result is found to be good for biogas production 

(Sreekrishnan et al., 2004; Guarino et al., 2016). Having 

an optimum C/N ratio has been suggested for the 

anaerobic digestion process because a very high or low 

C/N ratio may inactivate microbes in the anaerobic 

digestion processes, which reduces the activity of 

methane-producing bacteria and activate other side 

products forming bacteria (Baum et al., 2002; Jos et al., 

2018). The result of the blends in all digesters was high 

in %VS but low in % TS. This high volatile matter 

content was anticipated because of the organic nature of 

the material used. The contents of volatile matter in 

biomass materials are usually high due to the organic 

nature of the biomass (Sajeena et al., 2013; Syaichurrozi 

and Sumardiono, 2014; Orhorhoro et al., 2017). 

Generally, the results of total solid, volatile solid and 

carbon to nitrogen ratio of calabash waste with donkey 

dung and calabash waste with sheep dung in each ratio 

were different, and these different may be due to the 

content of dung & the conditions of anaerobic digestion 

process (Mukumba et al.,2016; Nagy et al.,2019). 

3.2. Composition of biogas from mixture of 

calabash waste with donkey and sheep dung 

The samples of the biogas generated from all the 

digesters were collected and analysed using a gas 

detector (Nwagbo et al., 1991; Liu et al., 2018). Table 3 

and Table 4 show the result of the composition of biogas 

from the mixture of calabash waste with donkey dung 

and calabash waste with sheep dung respectively. The 

results of this study are in a comparable range with the 

findings reported in some studies elsewhere (Carcelon 

and Clark, 2002; Koch et al., 2015). The 1:1 ratio of 

waste mixture with donkey dung had the highest CH4 

content (67.41±0.98 %) and its CO2 value is (27.23±0.81 

%), followed by the 3:1 ratio of waste with donkey dung 

(66.91±0.68 %)  with CO2 value of (26.01±0.56 %), 1:1 

ratio of waste with sheep dung (66.90 ±1.23  %) with 

CO2value of (29.23±0.76 %), 2:1 ratio of waste with 

donkey dung (66.50±1.05) with CO2 value of (28.09 

±0.67 %), 4:1 ratio of waste with donkey dung  

(65.61±0.49 %) with CO2 value of (31.06±0.39 %), 2:1 

ratio of waste with sheep dung (65.510±1.09 %) with 

CO2 value of (32.00±0.86 % ), 3:1 ratio of waste with 

sheep dung (65.12±0.98 %) with CO2 value of 

(31.03±0.59  %), and CH4  content of 4:1 ratio of waste 

with sheep dung (63.81±0.69 %) with CO2 value of 

(33.00±0.79 %). Trace levels of CO, H2O, NH4, N, H, 

O2, and H2S are also presented in this result. The 

reason for the low value of methane content is 

probably because significant quanti t ies of 

carbon dioxide and other non -combustible 

gasses were produced in the anaerobic 

digestion of calabash waste with sheep dung 

(Carcelon and Clark,  2002;  Piątek et  al . ,  

2021).  

Table 3. Composition of biogas from mixture of calabash waste with donkey dung 

Components Concentration (by volume) in % 

 1:1 2:1 3:1 4:1 

Methane(CH4) 67.41±0.98 66.50±1.05 66.91±0.68 65.61±0.49 

Carbon dioxide (CO2) 27.23±0.81 28.09 ±0.67 26.01±0.56 31.06±0.39 

Carbon monoxide (CO) 0.70 ±0.65 0.90±0.18 0.40±0.91 0.60±0.46 

Water (H2 O ) 2.90 ±0.74 3.00 ±0.73 1.51±0.56 2.06±0.29 

Ammonia (NH4) 0.04±0.64 0.03±0.23 0.05±0.47 0.02±0.01 

Nitrogen (N) 0.05±0.73 0.08±0.51 0.90±0.08 0.31±0.38 

Hydrogen (H) 0.09 ±0.19  0.02±0.01 0.08 ±0.06 0.05±0.01 

Oxygen (O2) 0.81±0.04 0.91±0.03 0.61±0.05 0.09 ±0.02 

Hydrogen sulphide (H2S) 0.003±0.01 0.005±0.01 0.004±0.02 0.002±0.01 
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Table 4: Composition of biogas from mixture of calabash waste with sheep dung 

Component Concentration(by volume) in% 

 1:1 2:1 3:1 4:1 

Methane (CH4)            66.90 ±1.23    65.510±1.09 65.12±0.98 63.81±0.69 

Carbon dioxide (CO2)    29.23±0.76 32.00±0.86 31.03±0.59 33.00±0.79 

Carbon monoxide (CO)   0.81±0.52          0.60 ±0.05  1.06 ±0.60 0.90±0.32 

Water (H2O) 0.90 ±0.04          0.08±0.05  0.90 ±0.04 0.07 ±0.02 

Ammonia (NH4) 0.05±0.03 0.04±0.02 0.06±0.30 0.03 ±0.01 

Nitrogen (N) 0.70±0.04 0.65±0.05 0.51±0.31 0.49±0.23 

Hydrogen (H) 0.09±0.12 0.08 ±0.09 0.72±0.28 0.05±0.14 

Oxygen (O2) 0.91±0.50 0.98±0.07 0.40±0.01 0.75±0.06 

Hydrogen-sulphid(H2S) 0.003±0.002 0.006±0.001 0.002±0.001 0.004±0.001 

3.3. Average biogas measurement from the mixture 

of calabash waste and dung 

The results of the average biogas measurements of 

each ratio are found to be comparable with the values in 

some studies reported elsewhere (Adelekan and 

Bamgboye, 2009; Mukumba et al., 2016; Alkhamis et 

al., 2021). The average biogas measurement decreases 

by a 1:1 to 4:1 ratio in all ratios, as illustrated in Table 

5. Statistical analysis also shows that the average biogas 

yield was significantly (P≤ 0.05) influenced by the 

different mixing ratios of calabash waste and dung, as 

shown in Table 6, Figure 2 and Figure 3. This means 

that the 1:1 ratio has a greater biogas yield than the 2:1 

ratio, a 2:1 ratio greater biogas yield than the 3:1 ratio, 

and a 3:1 ratio greater biogas yield than the 4:1 ratio. In 

1:1, the ratio gets higher biogas yield and the 4:1 ratio 

gets the least biogas; thus, when the amount of waste 

increases and the dung decreases, the yield of biogas 

diminishes. The reason behind this is that higher mixing 

ratios meant a higher quantity of waste in the mixture, 

which also implied increased lignin content and this 

made digestion activities more difficult for the 

microbes(Mulat and Horn, 2018). Reduction in 

digestion activities of the methanogen bacteria resulted 

in lower biogas yield. Furthermore, with time, the waste 

rapidly ferments and becomes more acidic. Acidic 

environment is not well tolerated by anaerobic bacteria; 

therefore, their rapid multiplication will be severely 

curtailed at the higher mixing ratios which contained 

more waste in the mixture (Abubakar et al., 

2004;Chellapandi, 2004;Adelekan and Bamgboye, 

2009). In general, the average biogas yield of waste 

mixed with donkey dung is higher than the average 

waste mixed with sheep dung in every successive ratio. 

This low value is due to the fact that the body of sheep 

dung is solid as compared with donkey dung and less 

amount of fermentative bacteria is found in sheep dung. 

This makes it not easily fermented in the microbes 

(Adelekan and Bamgboye, 2009; Alkhamis et al., 2021). 

3.4. Effect of variation of pH on/ during the 

digestion period 

The microorganisms are sensitive to pH because 

each group survives at different ranges. From Figure 4 

and Figure 5, we can see that the pH of waste with 

donkey dung and sheep dung in each ratio was 8 (Day 

one), but the pH reduces as the process goes on and as 

the bacteria produces fatty acids. Here, methanogens 

bacteria that utilize fatty acids is a slow reaction, 

compared to other bacteria, so it is the rate-limiting step 

in the reaction (Al Mamun and Torii, 2014; Jos et al., 

2018). Furthermore, waste with sheep dung in each ratio 

pH decreases highly and the reaction is fast, which 

means that the hydrolysis and acidogenesis reaction is 

fast as the organism utilizes the waste more speedily 

than waste with donkey dung (Figure 4). Thus, the yield 

of biogas is decreased compared to the mixture of waste 

with donkey dung (Mukumba et al., 2016; Alkhamis et 

al., 2021). Thus, the result of the pH measurements of 

each ratio is compatible with Jos et al. (2018) and Victor 

et al., (2018). 

The anaerobic fermentation study was investigated 

within the daily ambient temperature range of 25.3°C to 

37.9°C for all the digesters. The lowest temperature 

reading of 25.3°C was obtained on the 9th day while the 
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highest temperature of 37.9°C was recorded on the 16th 

day of digestion process and the other records fluctuated 

within this range. Therefore, at constant, mesophilic 

temperature ranges the methane-producing bacteria 

convenient for the fermentation process and would give 

better gas yield (Getahun et al., 2014; Liu et al., 2018). 

 

Table 5: Summary of average biogas measurement from mixtures of calabash waste and dung 

 

 

 

 

 

 

Table 6: Effect of different mixing ratios of waste and dung on average biogas yield Test of between-subject effect 

Source Dependent Variable Type III Sum 

of Squares 

Df Mean Square F Sig. 

Corrected Model biogas yield for wwdd 76.613a 3 25.538 1532.267 .000 

biogas yield for wwsd 52.283b 3 17.428 275.171 .000 

Intercept biogas yield for wwdd 2197.813 1 2197.813 131868.800 .000 

biogas yield for wwsd 1423.541 1 1423.541 22476.961 .000 

Ratio for wwdd and 

wwsd 

biogas yield for wwdd 76.613 3 25.538 1532.267 .000 

biogas yield for wwsd 52.282 3 17.427 275.171 .000 

Error biogas yield for wwdd .133 8 .017   

biogas yield for wwsd .507 8 .063   

Total biogas yield for wwdd 2274.560 12    

biogas yield for wwsd 1476.330 12    

Corrected Total biogas yield for wwdd 76.747 11    

biogas yield for wwsd 52.789 11    

R Squared = .998 (Adjusted R Squared = .998); b. R Squared = .990 (Adjusted R Squared = .987) 

Where wwdd = waste with donkey dung and wwsd =waste with sheep dung 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Effect of different mixing ratios of waste and donkey dung on average biogas yield. 

Component                       Average biogas volume of each ratio(L)  

 1:1 2:1 3:1 4:1 

Waste with donkey dung 16.2±1.08  15.5 ± 0.86 12.6±0.76 9.8±0.64 

Waste with sheep dung  13.5± 0.94 11.6 ±0.65          10.7±0.62            7.8± 0.57 
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Figure 3. Effect of different mixing ratios of waste and sheep dung on average biogas yield 

 

Figure 4. Variation of pH during the digestion period of waste with donkey dung in each ratio 

 

 

Figure 5. Variation of pH during the digestion period of waste with sheep dung in each ratio 
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3.5. Effects of digestion time on daily average 

biogas yield 

In this study, the measurement of the daily average 

biogas yield waste with donkey dung and sheep dung in 

all digester biogas production started on the 6th day and 

reached its apex on the 20th day as shown in Figure 6 

and Figure 7, and the results agree with Adelekan & 

Bamgboye, (2009) and Alkhamis et al., (2021).  This 

length of the days to get biogas on the onset of the 

digestion period because it takes time for the substrate 

to decompose and generate biogas; the production of the 

biogas is directly related to the specific growth of 

methanogenic bacteria (Sagagi et al., 2009; Ngan et al., 

2020). As shown in Figure 6, the average biogas 

measurement waste with donkey dung in all ratios 

started on Day 6 by producing a minimum amount in a 

little difference of each ratio. Thereafter, the amount of 

the average biogas yield increased day-to-day in all 

ratios.  On Day 13, the maximum amount of the average 

biogas yield was obtained that 1:1 (2.5 L), 2:1 (2.5 L), 

3:1 (2.25 L), and 4:1 (2 L). After Day 14, the production 

of biogas started to reduce day-to-day in all digesters. 

This finding indicates that all substrates in the digesters 

have been consumed, and biogas production was almost 

zero (Narayani and Priya, 2012; Nagy et al., 2019). As 

shown in Figure 7, average biogas measurements for 

waste containing all ratios of sheep manure started on 

day 6, with the smallest amount produced with a slight 

difference from each ratio. Thereafter, the amount of 

average biogas yield increased day-to-day in all ratios. 

On Day 15, the maximum amount of average biogas 

yield with the ratio of 3:1 (1.7 L), and 4:1 (1.4 L) was 

obtained. On Day 16, the maximum amount of average 

biogas yield with the ratio of 1:1 (2 L) and 2:1 (1.5 

L).was obtained After Day 15 (ratio 3:1 and 4:1) and 

Day 16 (ratio 1:1 and 2:1), the production of biogas 

started to reduce day-to-day in all digesters. This finding 

indicates that all substrates in the digesters have been 

consumed, and biogas production was almost zero 

(Sawyerr et al., 2019). 

 

 

Figure 6.Measurement of daily average biogas yield with digestion time of calabash waste & donkey dung mixture 

 

 

 

 

 

 

 

 

Figure 7. Measurement of daily average biogas yield with digestion time of calabash waste & sheep dung mixture  
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3.6. Biogas combustibility & volume measurement 

The combustibility of the biogas generated in all 

digester ratios was tested with a match placed at the 

mouth of the gas outlet. The measurement of the volume 

of biogas generated by the water displacement method 

was done on the 6th-20th days of the start of digestion. 

The measurement was run in triplicate to see the 

reproducibility of the result, and a combustibility test 

was done for each measurement (Itodo et al., 1995; 

Mukumba et al., 2016). The gas produced was seen to 

burn with a blue flame on the 6th day since the onset of 

digestion. The gas generated from waste mixed with 

donkey dung had a relatively stronger blue flame than 

waste mixed with sheep dung (Alkhamis et al., 2021). 

4. Conclusion 

The result of this research on the Comparison of 

biogas productivity of calabash waste mixed in selected 

ratios with sheep and donkey dung has shown that 

flammable biogas can be produced from each ratio 

through anaerobic digestion. From this, it was observed 

that the strength of produced flammable biogas was 

different for each ratio. Slurries containing calabash 

waste with donkey dung produced more average biogas 

than the corresponding mixing ratios of calabash waste 

with sheep dung. Of all ratios, the mixture of 1:1 mass 

produced the highest biogas, while the mixture of 4:1 

mass produced the least biogas in both dungs. Thus, a 

1:1 ratio means the amount of calabash waste with dung 

(both donkey and sheep dung) equal amounts and 

enhances the anaerobic fermentation process. This 

enhancement was because dungs contain fermentative 

bacteria and free lignin materials. On the other hand, 4:1 

means that the amount of waste has higher than the 

number of dung with proportion to this waste has bulky 

and accumulates some lignin relatively dung this leads 

retardation of the anaerobic fermentation process and 

decreases the number of biogas yields. 

Recommendation 

This study recommends mixing sheep and donkey dungs 

with calabash waste in the ratio of 1:1 by mass intended 

for biogas production from methane-generating 

systems., Calabash waste mixed with donkey dung in a 

ratio of 1:1 by mass is found to be a better alternative 

for the enhancement of biogas yield. 
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