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Abstract 

Biogas originates from bacteria in the process of bio-degradation of 

organic material under anaerobic condition. Biogas is a mixture of gases 

that is composed chiefly of methane (CH4), Carbon-dioxide (CO2), 

Hydrogen (H2), and Hydrogen sulphide (H2S2). The production of biogas 

through anaerobic digestion was carried out using cow dung.  Three drums 

digester were used for the study. The pH of the slurry before anaerobic 

digestion was 6.2 for cow dung. The pH, Temperature and proximate 

analysis of the sample, before digestions were determined using standard 

method. The total aerobic and anaerobic counts for the cow dung are 

89×105 and 75×105 before digestion, 49×105 and 82×105 after digestion. 

The cultural morphology revealed Gram positive rods with creamy 

irregular edges and the identified organisms are Bacillus species and 

Clostridium species. Table four contains the result of the daily biogas yield 

in millimetre and daily temperature reading after 2 weeks (14days) 

retention time which show a higher gas yield of 58ml at day 10. The result 

of this research shows that high quality of biogas can be produced using 

cow dung. 
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Introduction 
Background Information 

Environmental pollution is one of the 

most serious problems facing 

humanity and all other living things 

today. Economic growth and heavy 

consumption of natural resources are 

responsible for the global warming, 

acid rain and the destruction of the 

ozone layer (Thakur, 2006).  

In Africa, water pollution and access 

to energy resources present challenges 

to human health, environmental 

health, and economic development. 

According to Mshandete and Parawira 

(2009), less than 10% of the 

population of 21 sub-Saharan African 

countries, have access to electricity. 

The need for alternative renewable 

energy sources from locally available 

resources cannot be over emphasised.  

Appropriate and economically 

feasible technologies that combine 

solid waste and wastewater treatment 

and energy production can 

simultaneously protect the 

surrounding water resources and 

enhance energy availability. 

Abubakar (2011) noted that over the 

centuries, various sources of energy 

have been used by man in order to 

meet his basic life essentials. Man has 

utilized energy in modifying and 

manipulating land, water, plant and 

animals to obtain food, clothing and 

shelter. Energy is a basic tool for 

development.  

Developing countries like Nigeria 

face added dilemmas regarding 

environmental protection due to their 

heavy dependency on biomass and 

fossil fuel. Adaramola and Oyewola, 

(2011) opined that Nigeria is endowed 

with huge resources of conventional 

energy resources (crude oil, tar sands, 

natural gas and coal) as well as 

reasonable amount of renewable 

energy resources (e.g. hydro, solar, 

wind and biomass). 

 

Marsh gas 

In soil, methane is produced in 

anaerobic environments by 

methanogens, but is mostly consumed 

in aerobic zones by methanotrophs. 

Methane emissions result when the 

balance favors methanogens. Wetland 

soils are the main natural source of 

methane. Other sources include 

oceans, forest soils, termites, and wild 

ruminants. (Lemer et al., 2012).  

 

Anaerobic digestion 

The purpose of industrial biogas 

production is the collection of bio-

methane, usually for fuel. Industrial 

biogas is produced either; 

As landfill gas (LFG), which is 

produced by the breakdown of 
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biodegradable waste inside a landfill due to chemical reactions and microbes, 

or As digested gas, produced inside an anaerobic digester. 

 

Biogas plants  

A biogas plant is the name often given to an anaerobic digester that treats farm 

wastes or energy crops. It can be produced using anaerobic digesters (air-tight 

tanks with different configurations). These plants can be fed with energy crops 

such as maize silage or biodegradable wastes including sewage sludge and food 

waste. During the process, the micro-organisms transform biomass waste into 

biogas (mainly methane and carbon dioxide) and digested. Higher quantities of 

biogas can be produced when the wastewater is co-digested with other residuals 

from the dairy industry, sugar industry, or brewery industry. For example, while 

mixing 90% of wastewater from beer factory with 10% cow whey, the 

production of biogas was increased by 2.5 times compared to the biogas 

produced by wastewater from the brewery only. (Appels et al., 2008). 

 

Key processes  

There are two key processes: mesophilic and thermophilic digestion which is 

dependent on temperature. In experimental work at University of Alaska 

Fairbanks, a 1000-litre digester using psychrophiles harvested from "mud from 

a frozen lake in Alaska" has produced 200–300 liters of methane per day, about 

20%–30% of the output from digesters in warmer climates. (Sunita and 

Harrintong 2010). 

 

Dangers  

The air pollution produced by biogas is similar to that of natural gas as when 

methane (a major constituent of biogas) is ignited for its usage as a energy 

source, Carbon dioxide is made as a product which is a greenhouse gas ( as 

described by this equation = CH4 + 2O2 →CO2 + 2H2O.) The content of toxic 

hydrogen sulfide presents additional risks and has been responsible for serious 

accidents (Hedlund et al., 2018). Leaks of unburned methane are an additional 

risk, because methane is a potent greenhouse gas. 

Biogas can be explosive when mixed in the ratio of one part biogas to 8–20 

parts air. Special safety precautions have to be taken for entering an empty 

biogas digester for maintenance work. It is important that a biogas system never 

has negative pressure as this could cause an explosion. Negative gas pressure 
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can occur if too much gas is removed or leaked; Because of this biogas should 

not be used at pressures below one column inch of water, measured by a 

pressure gauge. Frequent smell checks must be performed on a biogas system. 

If biogas is smelled anywhere windows and doors should be opened 

immediately. If there is a fire the gas should be shut off at the gate valve of the 

biogas system. (BANZ 2011).  

 

Biogas and Sanitation  

Faecal Sludge is a product of onsite sanitation systems. Post collection and 

transportation, Faecal sludge can be treated with sewage in a conventional 

treatment plant, or otherwise it can be treated independently in a faecal sludge 

treatment plant. Faecal sludge can also be co-treated with organic solid waste 

in composting or in an anaerobic digestion system. Biogas can be generated 

through anaerobic digestion in the treatment of faecal sludge.                         

The appropriate management of excreta and its valorisation through the 

production of biogas from faecal sludge helps mitigate the effects of poorly 

managed excreta such as waterborne diseases and water and environmental 

pollution. (Hidenori Harada, et al., 2016) 

 

MATERIALS AND METHODS 

Sterilization of equipments and glassware 

All glassware required for this research was properly sterilized in the hot air 

oven at 160 for one hour. All measurement and procedures was carried out 

under aseptic conditions to avoid contamination. The glassware, reagent, 

equipment and media that were used are mentioned under each procedure. 

 

Experimental Design  

The drum digester method as describe by (Mu’ azu 2008) was used. It consist 

of drums of different diameters. The gas collector size 25 cm, the reactor size 

27cm, water sealed tank 30cm. Which were made from aluminium sheet to 

prevent rusting. Their edges and corners were sealed with glue to prevent 

leakage and it was ensured that the gas collector fits freely when inverted over 

the digester. The height of the gas collector was measured 50cm and calibrated 

in centimetre (cm) using a ruler and permanent marker.  The area was 

determined for easy calculation of the total volume of the gas produced per 

every rise in centimetre. An opening was made on top of the gas collector in 
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which a rubber pipe was connected to it and the other and end of the pipe was 

connected with cork in each drum or digester. The volume of the digester was 

determined to contain 23liters and was approved to contain up to 21 litters so as 

to know the total slurry content and to create space for scum when it was 

formed. 

 

Collection of experimental Materials 

Cow dung was collected at Gwallameji village Bauchi and transported in a clean 

polythene bag to the laboratory for analysis, Grasses and vegetable mixtures 

were collected within the polytechnic environment. The were grinded to powder 

using mortar and pestle. 

 

Mixing of the Substrates 

This experiment was carried out as describe by (Mu’ azu 2008). At first the 1kg 

of grass vegetable mixture was taking into the digester, 1kg of cow dung, 200g 

of Nitrogen Phosphorus Potassium (NPK) fertilizer was added with 200g of 

wood ash and 24liters of water was added to the preparation and the mixture 

was stirred thoroughly. After which the preparation was transfered to the 

digester. 

The inoculum was diluted with distilled water and two liters of the inoculum 

was added to the digester the mixture was stirred. pH meter was used to 

measures the initial pH of the slurry after which the water sealed was used to 

seal the digester. 

 

Proximate Analysis  

Before digestion, proximate analysis was carried out to ascertain the available 

nutrient in the sample for micro-organisms to utilize in degrading the samples.  

 

Determination of Ash Content 

Here, the crucible was preheated and weighed.1.5g of the sample was   weighed, 

and transferred to the crucible. The crucible was placed on a Bunsen burner and 

heated until it decarbonized. The crucible and its content was placed in a muffle 

furnace at 5500C for 4hours.After a certain time, the crucible was removed, 

cooled and weighed with the residue. 
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Determination of Total Solid (TS %)  

This is carried out according to Suyog, 2010.This is use to determine the amount 

of solid present in the sample after the water present in it is evaporated. The 

sample approximately 10g is taken and poured in foil plate and dried to a 

constant weight of about 1050C in furnace. 

TS%=Final weight/initial weight X 100. (Suyog, 2010) 

  

Determination of Moisture Content 

Dried residue from Total solid analysis was weighed and heated in crucible for 

2hrs at about 1050C in furnace. After cooling crucible residue was weighed and 

result was recorded. 

% moisture = w1-w2/wt of sample X 100   

 

Determination of Crude Protein  

This involve three stages according to Miah et.al,2016. 

a). DIGESTION: 1g of the prepared sample was accurately weighed into the 

kjeldal flask.1kg of potassium sulphate, 8g of copper sulphate and 20ml of 

concentrated tetraoxosulphate (VI) acid was added to the flask and mixed 

thoroughly. The flask with the content was in the inclined position on a heating 

mantle for four hours until the mixture become clear (blue-green color).The 

heating was then stopped and cooled carefully. 

b). DISTILATION: The digested mixture was transferred into a conical flask 

and 100ml of distilled water was carefully added and mixed together.20ml of 

the mixture was measured into a distillation flask and 10ml of 60%sodium 

hydroxide (NaOH) was added carefully by the side of the flask so that it does 

not mix at once with the acid solution but forms a layer below the acid layer, 

this made the solution sufficiently alkaline.20ml of 4% boric acid was added to 

the flask. The distillation apparatus was assembled such that the tip of the 

receiver tube was a little below the surface of the standard. The content was 

heated on a heating mantle until all the ammonia was distilled into the receiver 

flask. 

c). TITRATION: The receiver flask was titrated with 0.1N hydrochloric acid 

until there was a color change. A blank determination was carried out using all 

the reagents in the same quantities but without the materials being tested. 
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Determination of Fat Content  

The method of Miah et al., 2016 was adopted. A clean thimble was prepared 

and weighed empty and the weight recorded as W1.It was reweighed when 

filled with the dry sample and labeled W2 .The thimble was covered with cotton 

wool and placed into the extraction barrel of the soxlet kit filled with a small 

round bottom flask of known weight which is W3 containing the solvent. The 

condenser was tightly joined in place and the round bottom flask was filled to 

the soxlet extraction kit and was placed on a heating mantle. The solvent was 

boiled gently, evaporated and refluxed into the barrel after condensing. The 

system was allowed to reflux for 6 hours. The condensers were then detached 

from the flask and the solvent was recovered. The remaining solvent was 

evaporated in a water bath and the flask was dried in an oven at a temperature 

of 1000C until a constant weight is obtained as W4. (Miah  et.al., 2016). 

 

Determination of Crude Fiber Content  

This was carried out according to Suyog, 2016: 2g of the dry sample residue 

obtained from the other extraction was transferred to a 200ml beaker. Boiled 

water and 250ml of 10% H2SO4 was added and made up to the 200ml mark with 

distilled water. The liquid was boiled for 30 minutes; the acid solution was then 

removed by means of suction. The residue was washed three times with boiled 

water after which it was transferred to a beaker; 25ml of 10% NaOH was added 

and diluted for thirty minutes. It was then filtered and washed three times. The 

resulting residue was then transferred into a large porcelain crucible and the 

content was incinerated in a muffle furnace at 600oC for 2 hours. The crucible 

containing the ash was cooled in a desiccator and washed. 

%crude fiber = weight of crucible + ash weight/total weight of sample X 100. 

(Suyog, 2016) 

 

Determination of Nitrogen Free Extract (Carbohydrate)  

This was carried out according to Suyog, 2016.When the total percentage of 

moisture, fat, protein, fiber, and ash was subtracted from 100%, the remainder 

accounted for the Nitrogen free extract. (Suyog, 2016)  
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Measurement of Temperature  

 Therrmometer was used  to determined the temperature of the immediate 

environment and this was monitored daily. Most of the acid forming micro-

organism grows under mesophilic condition, however for methanogens; higher 

temperature is favorable Suyog et al (2016). 

 

Measurement of pH  

The pH of the slurry was measured after preparation with the aid of a PH meter. 

Methanogens grow at the pH range of 6.5-7.5 (Suyog et.al, 2016).  

 

Microbial Analysis 

This was done according to Onwuliri et.al,( 2013). 

 

Standard Plate Count  

A portion of the slurry was taken for analysis after preparation. A serial dilution 

of ten set of test tubes was use for each of the slurry.1ml of the uniform dilution 

was taken from each tube and inoculated on a prepared solid medium of nutrient 

agar, macConkey agar and blood agar. The plates were incubated under 

anaerobic conditions at 370C for three days. The colonies formed were counted 

using the colony counter and recorded. 

 

Morphological and Cultural Characterization 

The morphological and cultural identification of the micro-organism was done 

by  according to Suyog et. al (2016) 

 

Preparation of Slurry  

The sample was prepared according to Onwuliri, 2013. The sample was mixed 

with water in the predetermined ratio to get the desired TS concentration. It was 

mixed thoroughly to get rid of air trapped in the waste before the slurry was 

introduced into the digester tank. Substance such as stones and feathers was 

removed from the slurry before introduction into the digester. (Onwuliri, 2013). 
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Charging of Digester  

The digester was charged according to Adiotomre and Ukrakpor, 2015. The 

prepared slurry was fed into the bio digester in batches through funnel. This was 

carried out through the inlet cover. All the connections made were airtight and 

checked properly to avoid leakages. The set up was kept under room 

temperature of (25-35oc) in the laboratory for the bacteria to act on the sample. 

(Adiotomre and Ukrakpor, 2015)  

 

Measurement of Gas Yield  

This was carried out according to Suyog, 2010.The method used is based on 

water displacement method. Two containers each of 25 liters capacity were 

used. The first container was connected via an airtight tube directly to the 

digester tank. The biogas produced move under the digester pressure through 

the tube into the water filled container. The water filled container has a tube 

leading from its interior to the second container to receive displaced water The 

water displaced was  periodically collected and measured using a measuring 

cylinder. (Suyog, 2010). 

 

RESULT 

Proximate Analysis 

Table 1, shows the result obtained from proximate analysis of cow dung. The 

analysis shows that cow dung had moisture content of 15.4%, ash content of 

41%, total solid content of 74.6%, fat content of 3.8%, crude fiber of 4%.  

 

Table 1: Proximate Analysis of Undigested Sample 

Parameter Table Cowdung  

Moisture content  15.4 

Ash content 41 

Total solid 74.6 

Volatile content 57.2 

Carbon content  25.6 

Crude fibre content  4 

Fat content 3.8 
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Colony Morphology of Digested and Undigested Sample (Cow Dung) 

Table 2 shows the cultural and morphological characteristic of the isolated 

organism before and after digestion. After carrying out the colony morphology 

of cow dung the result showed that bacillus species were present in both sample. 

They are small in size, flat elevation, rough edges and creamy white in colour. 

 

Table 2:  Cultural and Morphological Characteristic of Bacteria 

Sample  Elevation  Size  Colour  Edge  Gram 

reaction  

Iprobable 

isolate 

Cow 

dung 

Fat  Small Creamy  Long 

rod 

positive Bacillus spp  

 Raised  Large  Creamy   Pair 

rods 

positive  Clostridium 

spp 

 

 

Table 3: Biochemical Identification Test for the Isolated Organisms  

Samp

le  

Gra

m 

Cata

. 

Coag

u.  

Mot

.  

Glu

.   

Lac

.   

Malt

.   

Suc

. 

P. 

organis

m 

Cow 

dung 

+ - + - AG  A

G 

AG AG B. 

species  

KEYS: 

 P. isolate = probable organism 

+ = positive  

- = negative  

AG = acid and gas 

A = Acid  

 

Daily Biogas Yield    

Table 4 contains the result of the daily biogas yield in millimeter and daily 

temperature readings after 2weeks (14days) retention time. From the result it 

shows that  
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Table 4: Daily gas yield production of digester A ( p only) 

Days         Temperature             Digester             

                    (oC)                       (ml)               

1                  37                           53                      

2                 32                              42                           

3                34                              32   

4                 40                            29       

5                 41                               -            

6                38                                42  

7                          37                               52           

8                  40                           40      

9                  35                            17                   

10                38                                58                      

11                47                                 -          

12                47                                48        

13                42                                28           

14                 40                               50                                                       

Table 5: Results of Total Aerobic and Anaerobic count before Digestion  

Sample  Aerobic (cfu/ml) Anaerobic (cfu/ml) 

Cowdung  89 x 105 75 x 105 

 

Table 6: Results of Aerobic and Anaerobic count after Digestion  

Sample  Aerobic (cfu/ml) Anaerobic (cfu/ml) 

Cowdung  49 x 105 82 x 105 

 

Discussion, Conclusion and Recommendation 

Discussion 

The result of this analysis shows that the substrate (cow dung) contained the 

nutrient required by microorganism to utilize in the digestion process of  biogas 

production. They contain ash, crude fiber, moisture content, total solid, volatile 

content, carbon content and fat content which reveals that cow dung had the 

moisture content of 15.4%, ash content of 41%, total solid content of 74.6%, fat 
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content of 3.8%, crude fiber of 4%. This is in line with the report of (Agrahari 

et al., 2013) which shows that cow dung had moisture, ash, total solid and fat 

content of 15.2%, 40%, 72.3% and 3.7% respectively 

The daily biogas yield in millimeter and daily temperature readings after 

2weeks (14days). From the result it shows that the highest total volume of 

biogas produced in the batch digester was 58 at the temperature of 380C in day 

10 while the lowest biogas gas yield was 17 at 350C in day 9, this correspond 

with the work of (Okonkwo et al., 2016) . The content of biogas varies and 

depends on the material being decomposed, the solids present in the waste, their 

digestibility or degradability and the environmental conditions involved and 

these findings were similar to the report of ( kunatsa et al., 2016) 

The growth of aerobic and anaerobic microbes before digestion of the cow dung 

was 89 x 105 (cfu/ml) and 75 x 105 (cfu/ml) respectively while the microbial 

growth after digestion were 49 x 105 (cfu/ml) and 82 x 105 (cfu/ml), the result 

of the research agrees with the research of (Hoffman et al., 2016). The growth 

of microbes during fermentation is affected by pH, the amount of carbon 

dioxide and volatile fatty acids produced during the anaerobic process. kunatsa 

et al., 2016) 

Potentially all organic waste materials contain adequate quantities of the 

nutrients essential for the growth and metabolism of the anaerobic bacteria in 

biogas production. However, the chemical composition and biological 

availability of the nutrients contained in these materials vary with species and 

factors affecting growth. In general the observation of the study also 

collaborates with the report of (Wangliang et al., 2016) who reported low biogas 

production at the starting and the end of the observation period . 

 

Conclusion 

The study concluded that high quantity of biogas can be produced from cow 

dung by indigenous microbial consortia. Cow dung is largely generated in 

Nigeria on a daily basis and could be employed as raw material for both small 

and large-scale biogas production. The high quantity of methane produced from 

cow dung can be technologically harnessed and made a viable renewable energy 

source especially for developing countries. 
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Recommendation 

1. Cow dungs are good source of biogas production it serves as a means of 

reducing environmental waste and enhancing biogas production in 

addition, other plant and animal waste can be investigated for biofuels. 

2. Government should subsidize the cost of biogas plants so as to encourage 

people to embrace the project, since it has high economic benefit 
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