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ABSTRACT: Biogas technology is widely used as a better alternative in the handling of waste in many societies in 

the world. This study was conducted to investigate the effect of rumen content to water ratio in biogas production. An 

experiment was carried out using 75 litre capacity locally made anaerobic digester. Rumen contents were formulated in 

three proportions designated as T1, T2 and T3. T1 contained 30kg of rumen contents and 30 litres of tap water; T2 

contained 20kg of rumen contents and 40 litres of tap water; and T3 contained 40kg of rumen contents and 20 litres of tap 

water. Each proportion was duplicated and the whole experiment was triplicated for 20 days each. The pH, substrate, 

ambient temperatures and the biogas produced were recorded in two days’ interval up to the 20 days. The result obtained 

from the study showed that there were significant differences (P < 0.05) in the average pH and the biogas produced. The 

pH of T2 (6.97) was significantly higher than that of T1 (6.80) and T3 (6.81). The biogas produced by T3 was significantly 

higher than that of T1 and T2. T3 produced the highest average volume of 16.70m3 biogas per kilogram of rumen content 

and the highest percentage (56.4%) of methane. There were no significant differences (P > 0.05) in the average substrate 

and ambient temperatures, and the volume of CO2 produced. This study revealed that it is more efficient to produce biogas 

using 40kg of rumen contents and 20 litres of tap water than producing biogas with 30kg of rumen contents and 30 litres 

of tap water or 20kg of rumen contents and 40 litres of tap water. 
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The most fascinating feature of civilised communities 

is the abundant availability of energy for domestic, 

agricultural and industrial purposes (Baki, 2004). 

Renewable energy effectively uses natural resources 

such as sunlight, wind, rain, tides and geothermal heat, 

which may be naturally replenished. The production of 

biogas from renewable resources is becoming a 

prominent feature of most developed and developing 

countries of the world. Biogas is produced when 

bacteria degrade biodegradable materials in the 

absence of oxygen, in a process known as anaerobic 

digestion (Verma, 2011; Global Alliance for Clean 

Cookstoves, 2018). Animal wastes can be used as 

sources of nutrient, feed ingredients to 

microorganisms and as fuel energy source. Biogas 

plant can be built by using materials which are locally 

available in most developing countries (Baki, 2004). 

Global primary energy consumption increased in 2015 

by 1.0%, which was similar to 2014 but well below the 

10-year average of 1.9%, even though fossil fuel 

prices fell in 2015 in all regions (Olivier et al., 2016). 

Methane from ruminant livestock (enteric 

fermentation) is the largest biogenic source within 

agriculture sector (Environmental Protection Agency, 

2009). Methane is a natural phenomenon in the 

ruminant rumen and they emit methane as part of their 

natural digestive processes (Environmental Protection 

Agency, 2009). 

 

Rumen is the home of billions of microbes including 

bacteria, methanogens, protozoa, and fungi. These 

microbes breakdown feed to produce volatile fatty 

acids (VFAs), carbon dioxide, ammonia, and methane. 

The VFAs are used by the animals as energy source 

while the produced gases are removed by eructation 

(Environmental Protection Agency, 2009; Iqbal et al., 

2008). According to Energy Commission (2006), 

Ghana government will promote biogas for heating in 

institutional kitchens, laboratories, hospitals, boarding 

schools and barracks. The Strategic National Energy 

Plan (SNEP) for Ghana is to achieve 1% penetration 

of biogas for cooking in hotels, restaurants and 

institutional kitchens by 2015 and 2% by 2020. The 

associated harmful environmental, health and social 

effects with the use of traditional biomass and fossil 

fuel has enhanced the growing interest in the search 

for alternate cleaner source of energy globally.  
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Ghana depends largely on wood as a source of fuel 

contributing about 72% of the primary energy supply 

with crude oil and hydro making up the rest (Arthur et 

al., 2011). There are vast biomass resources generated 

at the Tamale abattoir that have the potential for use as 

feedstock for biogas production to reduce the over 

reliance on wood fuel which will help to reduce 

greenhouse gas emissions that contributes to climate 

change. However, the waste generated from the 

abattoir is discharged into the community which 

creates an unbearable stench and a huge discomfort to 

the surrounding community. This work therefore 

sought to provide one of the sustainable solutions for 

the use of the waste produced at the Tamale Abattoir. 

This work aimed at producing biogas from rumen 

content, determining the CN ratio of rumen content 

and the composition of the biogas produced.  

 

MATERIALS AND METHODS 
Study area: The rumen contents were obtained from 

Tamale Abattoir in Shishegu, a suburb of Tamale 

Metropolis. Tamale is found within the Guinea 

Savannah belt (Ghana Statistical Services, 2000; 

Adzitey et al., 2016). The Metropolis is located on 

longitude 09°24′27″ North and latitude 00°51′12″ 

West, and occupies an area of approximately 750 km2 

(Anonymous, 2018). Tamale is the third most 

populous settlement in Ghana, with a total population 

of 537,986 people and a population density of 

480.77/km2 (Anonymous, 2018). The daily mean 

temperature (oC), average precipitation mm (inches) 

and average relative humidity (%) are 27.9, 1090 and 

60, respectively (Ghana Statistical Services, 2000; 

Anonymous, 2018). The rumen contents were 

analysed for the carbon/nitrogen (C/N) content at the 

Spanish Laboratory and the production of the biogas 

was conducted at Mechanization Warehouse of the 

University for Development Studies, Nyankpala 

Campus. 

 

Sample collection and preparation: Fresh rumen 

contents from cattle were collected from the Tamale 

Abattoir in Shishegu immediately after slaughter into 

a clean container. The container containing the rumen 

contents were transported immediately to the 

Mechanization Warehouse of University for 

Development Studies, Nyankpala Campus. A 

weighing balance was used to determine the mass of 

rumen content and that made up the total solid for 

particular fermenting sample. 

 

Preparation of rumen content for biogas production: 

Rumen contents were formulated in three proportions 

designated as T1, T2 and T3. T1 contained 30kg of 

rumen contents and 30 litres of tap water; T2 contained 

20kg of rumen contents and 40 litres of tap water; and 

T3 contained 40kg of rumen contents and 20 litres of 

tap water. Each proportion was duplicated and the 

whole experiment was run thrice. 

 

Experimental set-up: All apparatuses were properly 

washed with tap water and allowed to dry overnight. 

A set of 6 locally made digesters (75 litre capacity) and 

6 Buckner volumetric flasks (1000 ml) were used. 

Each Buckner volumetric flask contained brine 

solution and was connected to a particular digester by 

means of a connecting tube, and on the other side, 

connected to a conical flask by means of another 

connecting tube. The biogas produced in the digester 

by fermentation passed through the connecting tube to 

the Buckner volumetric flask containing brine solution 

and from there it entered into the gas holder. The 

pressure of the biogas produced caused a displacement 

of the gas holder. The displacement height of the gas 

holder was measured every two days till the 20th day. 

The digester was operated at ambient temperature and 

a thermometer was used to measure the temperature. 

The average temperature was calculated and taken to 

be the operating temperature. A digital pH meter was 

used to determine the pH of the fermenting sample. 

 

 
Plate 1: Front view of the experiment setup 

 

Production of biogas: Six Anaerobic Digesters labeled 

01, 02, 03, 04, 05 and 06 were used and arranged as 

seen in plate 1. The reactors were fed with a total of 

60kg of the substrate made up of rumen content and 

water. +++. The following parameters were measured 

in two days’ interval: temperature, pH, volume of gas 

produced, CH4, CO2, and pH. The experiments were 

allowed a retention period of twenty days (20 days). 

  

Measurement, analyses and testing of biogas: 

Measurements of gas volumes were done using a 

water displacement method (Patil et al., 2011), where 

the displaced heights were measured. Upon production 

the biogas was analyzed for methane and carbon 

dioxide contents using the Status Mentor PGD3-IR 

Gas Detector, United Kingdom. After the biogas was 
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produced it was tested for its ability to burn. A 

connecting tube was used to connect the gas holders 

and lighted. 

  

Determination of nitrogen and organic carbon: 

Determination of total nitrogen (crude protein) and 

organic carbon were conducted using the Kjeldal 

method and Walkley-Black wet oxidation method, 

respectively (Kjeldahl, 1883; Nelson and Sommers, 

1996). 

 

Data analysis: Data obtained was subjected to analysis 

of variance using (ANOVA) GenStat 4th Edition. 

Means were separated at 5% significance level. 

 

RESULTS AND DISCUSSION 
Volume of gas, methane and carbon dioxide: The 

results obtained for the analysis of the rumen content 

to water ratio in the production of biogas is shown in 

Table 1. There was significant difference (P < 0.05) in 

the volume of gas produced. Volume of gas produced 

by T2 (16.70m3) was significantly higher (P < 0.05) 

than that of T1 (12.02m3) and T0 (10.72m3). There was 

also significant difference (P < 0.05) in the average 

methane produced. Methane produced by T2 (9.42m3) 

was also significantly higher (P < 0.05) than T0 

(5.83m3) and T1 (5.69m3). There was no significant 

difference (P > 0.05) in the average carbon dioxide 

produced.  

 
Table 1: Mean of the biogas produced for the various treatments 

 

Parameter

s T0 T1 T2 

S.E.

D P-VALUE 

Vol. of 

gas (m3) 

10.7

2a 

12.0

2a 16.70b 

2.03

5 0.028 

CH4 (m3) 5.83a 

5.69
a 9.42b 

1.05

7 0.005 

CO2 (m3) 3.5 7.2 5.6 2.99 0.48 

pH 6.80a 

6.97
b 6.81a 

0.05

33 0.014 

Sub. 

Temp. (o 

C) 

34.4

4 

34.0

1 33.7 

0.59

6 0.477 

Amb. 

Temp. (o 

C) 

35.3

6 

35.4

6 35.44 

0.72

5 0.99 

S.E.D = Standard Error of Difference; T0 = control, TI = 

treatment 1, T2 = treatment 2 

pH: The pH for T0, T1 and T2 were 6.80, 6.97 and 

6.81, respectively. There was statistical difference (P 

< 0.05) in the average pH recorded. There was 

statistically difference (P < 0.05) in the average pH 

recorded in the digesters. This may be as a result of 

anaerobic fermentation taking place. According to 

Deublein (2008) anaerobic bacteria require a natural 

environment and thus, pH ranging from 6.7-7.5 is 

required for optimum biogas production. This was 

explained in terms of Shellford’s law of tolerance 

which stated that, the occurrence of any organism in 

any environment is determined not only by availability 

of nutrients but also by various physicochemical 

factors (Oyeleke et al., 2003). Therefore, as the 

medium tend to become acidic, non-acid tolerance 

organisms will be replaced by acid tolerant organisms 

 

 

Substrate and ambient temperature: There was no 

statistically difference (P > 0.05) in the average 

substrate and ambient temperature recorded as shown 

in Table 1. The average temperature in the digester 

recorded during the experiments was 34.44°C for T0 

34.01°C for T1 and 33.70°C for T2. There were no 

significant differences (P > 0.05) in the average 

ambient and substrate temperature recorded. The study 

agreed with that of Yadvika et al. (2004), who reported 

that in nature the formation of methane occurs at 

mesophilic temperature range of (30-40 °C). In 

general, high temperature gives a higher methane 

production rate and allows higher loading rates, thus 

decreasing the reactor volume needed for a specific 

material (Yadvika et al., 2004). The average substrate 

temperature over the duration of anaerobic digestion 

has no negative effects on the ambient temperature 

according to Cioabla et al. (2012). 

 

Fig 1: Cumulative gas produced. 

 

From Figure 1, the proportion 40:20 that is, rumen 

content: water, respectively recorded the highest 

volume of gas produced. The gas produced from the 

proportions 30:30 (T0) and 20:40 (T1) were similar 

(Figure 1).  
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Figure 2 shows that, T2 (40:20) that is, rumen content: 

water, respectively recorded the highest amount of 

methane gas produced. It was followed by T1 (20:40). 

T0 (30:30) recorded the lowest amount of methane 

produced. 

 

 
Fig 2: The cumulative volume of methane 

 

 

 
Fig 3: Cumulative volume of CO2 produced 

 

The result revealed that, T1 (20:40) rumen content: 

water ratio produced the highest emission of carbon 

dioxide from day 2 to day 20 of digestion (Figure 3). 

It was followed by T2 (40:20) and T0 (30:30).  

 

Carbon: nitrogen ratio: Carbon and nitrogen are the 

main nutrients required by micro-organisms (Doerr 

and Lehmkuhl, 2008). The optimum C/N ratio for 

biogas production is 20 to 35:1 (Doerr and Lehmkuhl, 

2008). The calculated C/N ratio obtained from this 

study was 35: 1.48. 

 

This proportion fell within the recommended range of 

20 to 35:1. If the C/N ratio is very high, the nitrogen 

will be consumed rapidly by methanogens for meeting 

their protein requirements and will no longer react on 

the left-over carbon content of the material. On the 

other hand, if the C/N ratio is very low, nitrogen will 

be liberated and accumulated in the form of ammonia, 

CH4 will increase the pH value of the content in the 

digester. Thus affecting the growth and development 

of the methanogens in the bioreactor. Sayibu and 

Ampadu (2015) studied the effectiveness of biogas 

production from slaughter waste and found that a 

carbon to nitrogen ratio of 1:1 produced 27.92litres of 

biogas per kilogram waste, while 1:2 gave 31.46litres 

per kilogram of waste. These values were higher than 

the present study. However, we used rumen content 

from only cattle while they used wastes from different 

animal species and materials. 

 

The flammability of the methane produced: To show 

that biogas was produced, flame test was carried out 

using the gas produced from the bio-digesters. The 

connecting tube was used to connect the gas holders 

and lighted. The test was carried out in a dark room 

and the gas was found to be flammable. Plate 2 shows 

that the gas produced in this study can burn or produce 

flame. A connecting tube was used to connect the gas 

holders and lighted. 

 

 
Plate 2: Picture of the flame produced by the biogas 

 

The composition of biogas: Treatment 2 (2:1) 

produced the highest volume of 16.70m3 biogas per 

kilogram of rumen content. T0 (1:1) ratio produced 

10.72m3 of biogas per kilogram of rumen content, 

while T1 (1:2) produced 12.02m3 of biogas per 

kilogram of rumen content. The analysis of the biogas 

shows that the mixing ratio of 2:1 produced a highest 

percentage of methane 56.4% and carbon dioxide 

33.5%. 
 

The 1:1 produced 47.3% of methane and the lowest 

percentage of carbon dioxide 32.4%. The 1:2 ratio 

produced the lowest percentage of methane 47.3% and 
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highest percentage of CO2 49%. The results of the 

study agree with the finding of Teodorita et al. (2008), 

who reported that biogas compose of 50-75% methane 

and 25-45% carbon dioxide. It also agrees with the 

findings of Juniper (2005), who reported that biogas 

contains 55-75% methane. 

 

The low production of methane by the 1:1 was 

probably due to the fact that the methanogens are 

either in their lag phase or undergoing a metamorphic 

growth process (Dhaghat, 2001; Iyagba et al., 2009). 

 

According to Lalitha et al. (1994) and Bal and Dhaghat 

(2001) during lag phase or the initial stages of the 

overall process of biogas production, acid forming 

bacteria produce volatile fatty acids (VFA) resulting in 

declining pH and diminishing growth of methanogenic 

bacteria and methanogens. 

Thus might cause the low production of methane by 

the 1:1 ratio. The mixing ratio of 2:1 produced more 

biogas probably because the microorganisms have 

more substrate to feed on. 
 

Conclusion: In conclusion, it is more efficient to 

produce biogas using a mixture of 40kg rumen 

contents to 20litres of water, as compared to 30kg 

rumen contents to 30 litres of water, and 20kg of 

rumen contents to 40 litres of water. 
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