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Introduction 
Biogas is a mixture of colorless, 

flammable gases obtains by anaerobic 

digestion of organic waste by bacteria. 

It can be use both in urban and rural 

areas (Onwuliri et al.,2013).Biogas 

which is produce when bacteria 

decompose organic material such as 

garbage and sewage is a mixture of 
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about methane  carbon dioxide and other trace elements (Ahmed et al., 2016). 

Anaerobic digestion is basically a process that involve a number of steps by 

many different bacteria that use almost any organic material as substrate, it 

occurs in digestive system, mashes rubbish dump and septic tanks(Ahmed et 

al., 2016).Biogas is distinct from other renewable energy source such as solar 

energy, wind energy, thermal and hydro source of energy because of its 

characteristic of using, controlling and collecting organic waste and at the same 

time producing fertilizer and water for use in agricultural irrigation(Adiotomre 

and Ukpakpor,2015). 

According to Miah et.al, (2016 ), biogas is an environmental friendly and 

one of the most efficient and effective option for renewable energy among 

various other alternativesources. It is produce by the bio-methenization process, 

and the eluent from the process is rich in essential nutrient that can be utilized 

as a very good fertilizer. 

Apart from the health implication, waste make an environment unpleasant and 

unattractive however, these waste can be managed properly by conversion into 

useful and more environmental  friendly forms called biogas(Ozor et al.,2014). 

Different bacteria/Achaea communities work in a synoptic relationship with 

each other to form methane. In hydrolysis, complex carbohydrate, fats and 

protein are first hydrolyzed to their monomeric form by enzymes and bacteria 

cells.In the second phase (Acid genesis) monomers are further degraded into 

short-chain acids such as acetic acid, propionic acid, butyric acid, carbonic acid, 

alcohols, hydrogen, and carbon dioxide. During acidogenesis, these short-chain 

acids are converted into acetate, hydrogen and carbon dioxide. In the last phase, 

methanogens convert the intermediate produced in methane and carbon dioxide. 

Almost one-third of methane formation is due to reduction of carbon dioxide by 

hydrogen. (Miah  et  al., 2016).   

Deforestation is a very big problem in developing countries like India, most of 

the part depends on charcoal and fuel-wood for fuel supply which require 

cutting of forest. Also, due to deforestation it leads to decrease the fertility of 

land by soil erosion. (Suyog, 2010). 

In Nigeria, majority of the population are rural dwellers without access to gas 

or electricity and therefore depend on firewood for cooking and lightening. 

Unfortunately, this has contributed immensely to the rapid rate of deforestation 

and desert encroachment. (Adiotomre and Ukrakpor, 2015) 
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The product of anaerobic digestion and slurry are biogas and slurry that is useful 

as fertilizer. Biogas contain about 55-60% methane, 25-45% carbon dioxide, 

0.1% oxygen, 0.1% carbon monoxide, 1-10% hydrogen, 1-3% Nitrogen and 

traces of hydrogen sulphide. Many factors affect the anaerobic digestion process 

these include temperature, total solid, digester type, design, and presence of 

toxic ingredient in substrate. The use of certain media material has recently been 

reported to affect the rate of biogas yield. (Suyog,2010).                                                     

 

MATERIALS AND METHODS 

Design and construction of digester 

The digester was designed and constructed at Center for Innovative Research 

ATBU, Bauchi using locally available materials. A 200liter cylinder container 

was used. The digester had an air tight cover so as to prevent oxygen from 

entering and an outlet was provided for gas collection. 

 

Sample Collection 

Fresh cow dung and poultry droppings were collected from agricultural farms 

Bauchi and transported in a clean polythene bag to the laboratory for analysis. 

 

Sample Analysis  

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

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

 

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. 

 

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 
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Determination of ash content 

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

The 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. 

 

Determination of crude protein 

These involve three stages according to Miah et.al, (2016). 

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. 

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. 

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. 

 

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 
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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. 

 

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 6000C 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. 

 

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. 

 

Measurement of temperature 

The temperature of the immediate environment was monitored daily using a 

thermometer. Most of the acid forming micro-organism grows under mesophilic 

condition, however for methanogens; higher temperature is favorable. (Suyog 

,2010). 

 

Measurement of pH 

The pH of the slurry was determined after preparation with the aid of a digital 

pH meter. Most of the methanogens grow at the pH range of 6.5-7.5 (Suyog, 

2010). 
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Microbial analysis 

The sample was subjected to microbial analysis at the end of the anaerobic 

digestion using the plating method 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 the colony forming unit per millimeter of the slurry 

was calculated . 

 

Morphological and Cultural Characterization 

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

by colonial, morphological,   physiological and biochemical methods  

 

Biochemical analysis 

Biochemical test were carried out to ascertain the type of microorganism 

isolated from each sample. This was done as outlined below by (Suyog, 2010). 

Catalase test: This is used for identification of bacteria species that produces 

the enzyme catalase. The culture was placed on a clean sterile slide and a few 

drop of hydrogen peroxide were added to it. The production of gas bubbles on 

the surface indicates a positive reaction. Negative result was indicated by the 

absence of gas bubbles. 

Coagulase test: This test determines the ability of microorganism to produce 

coagulase. A drop of saline solution was placed on a clean slide and a small 

amount of the test organism was emulsified in the fluid on the slide to form a 

smooth milky suspension. Using an inoculating loop, a small portion of 

undiluted plasma kept at room temperature was placed on the bacterial 

suspension on the slide. In positive result, coarse agglutination becomes visible 

to the naked eyes. 

Sugar fermentation test: This is aimed at detecting the ability of specific 

bacteria with enzyme to break down sugar with production of acid and gas.10% 

(w/v) solution of the sugar being tested was prepared. Then to a 100ml of the 

sugar solution, 5ml of 0.2% (w/v) of a suitable indicator was added. The sugar 
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solution was then sterilized by autoclaving. The solution was dispensed in 2-

5ml amount into test tubes. The tubes was inoculated with the test bacteria and 

incubated for 18-24 hours. After which the tube was examined for a change in 

color, which will be due to the production of acid and for the presence of gas in 

Durham tubes. 

 

Motility test 

This is used to determine the ability of a bacterium to move independently in 

hanging drop method. A thin layer of Vaseline was applied around the edge of 

the well in a concave slide. Then a loop of the bacteria suspension was put in 

the center of a cover slip. The concave slide was inverted and pressed on the top 

of the cover slip so that the cover slip completely covers the well. The entire 

preparation was quickly turned right side up again and the edge of the slip was 

turned so as to make sure that the Vaseline seals the edge properly. This was 

then observed under the microscope . 

 

Preparation of slurry 

The sample will be prepared according to Onwuliri et.al, (2013). The sample 

was mixed with water to get the desired concentration. It was  mixed thoroughly 

to get rid of air trapped in the waste before the slurry were  introduced into the 

digester tank. Substance such as stones and feathers will be removed from the 

slurry before introduction into the digester. 

 

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 (25-350C) in the laboratory for the bacteria to act on the sample. 

 

Measurement of gas quality 

Syringe method was used for the measurement of amount of methane and 

carbon dioxide in the gas produce according to (Onwuliri et al., 2013).A syringe 

with flexible tube and diluted sodium hydroxide (NaOH) solution was used for 

carbon dioxide percentage estimation, since NaOH absorbs CO2 but does not 

absorb methane.100ml of dilute sodium hydroxide solution was produce by 

dissolving granules of NaOH in100ml of water.20-30ml sample of biogas 
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produced during experiment was introduced into the syringe with water to 

reduce air contamination while the excess gas is pushed out to get 10ml gas 

sample. The end of the tube was  submerge into 20ml solution of NaOH while 

shaking the syringe for 30sec.It is pointed downward and the excess liquid 

pushed out so that syringe plunger level  reach 10ml.The volume of liquid was 

read, if it shows 3-5ml it indicate about 30-40% of gas absorbed and so  65-60% 

is methane.    

 

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 

 

RESULTS 

Proximate Analysis 

Table 1 shows the result obtained from proximate analysis of cow dung and 

poultry droppings. The analysis shows that cow dung had moisture content of 

19.4%, ash content of 48%, total solid content of 80%, fat content of 5.8%, 

crude fiber of 6%. The analysis of poultry droppings showed moisture content 

of 23%, ash content of 26.8%, total solid content of 76%, fat content of 5.2%, 

crude fiber of 5.5%. 

 

Colony morphology of digested and undigested sample (cow dung and 

poultry droppings) 

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 and poultry droppings the result showed that Bacillus species and 

Clostridium species were present in both sample. They are small in size, flat 

elevation, rough edges and creamy white in color. 

 

Biochemical identification 

Table 3 shows the result of the biochemical identification test, Gram reaction 

of both cow dung and poultry droppings shows that Bacillus species  and 

Clostridium species were positive, catalase test were negative. 

Fermentation of the inoculum into glucose , lactose, maltose, and sucrose shows 

that bacillus species indicates the presence of acid and gas while for clostridium 
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species lactose, maltose, and sucrose indicate the presence of acid and glucose 

shows acid and gas. 

 

Daily biogas yield    

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

temperature readings after 29 days retention time. From the result it shows that 

digester B tends to produce more gas than A and C digesters 

 

Table 1: Proximate Analysis of Undigested Sample 

Parameter             Percentage %` 

                                                        Cowdung              poultry dropping 

Moisture content   19.4            23 

 Ash content     48   26.8 

 Total solid    80.6   76 

 Volatile content   62.2   56 

 Carbon content   30.6   35.5 

 Crude fibre content   6.0   5.5 

 Fat content      5.8   5.2 

 

Table 2:  Cultural and Morphological Characteristic of Bacteria 

Sample  Elevation  Size  Colour Edge  Gram 

reaction  

Identified 

isolate 

Cow dung Fat  Small Creamy  Long 

rod 

 positive Bacillus species  

 Raised  Large  Creamy   Pair 

rods 

Smooth  Clostridium 
species 

Poultry 

dropping  

Fat  Small  Creamy 

white 

Long 

rod  

 positive  Bacillus species 

 Raised  Large  Creamy 

white  

Rods  Smooth  Clostridium 

  

Table 3: Biochemical Identification test for the Isolated Organisms  
Sample  Gram 

Reaction

s  

Catalas

e 

Coagulas

e  

Motilit

y  

Glucos

e   

Lactos

e   

Maltos

e   

Sucros

e  

Identified 

isolate 

Cow 

dung 

+ - + - AG  AG AG AG Bacillus 
species  

 + - - + AG  A A A Clostridiu
m species 
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Poultry 

droppin

g  

+ - - + AG  AG  AG  AG  Bacillus 
species 

 + -  -  + AG  A A A Clostridiu
m 

KEYS: 

+ = positive  

- = negative  

AG = acid and gas 

A = Acid  

 

Table 4: Daily gas yield 

Days      Temperature      Sample A                Sample B              Sample C 

                  (oC)                   (ml)                         (ml)                       (ml)     

1               37                         53                         45                              33                                          

2               32                         42                          29                             30 

3               34                         32                          52                             50                                                     

4               40                          29                         35                             54 

5               41                           -                            -                                - 

6               38                          42                         65                              46                                                       

7               37                          52                         70                              60                                                  

8               40                          40                         65                              42 

9               35                          17                         49                              53 

10             38                           58                        70                              30 

11             47                            -                           -                                -                             

12             47                           48                         26                             50 

13             42                           28                         -                                  - 

14             40                           50                         54                             28                                                                      

15             47                           50                         73                             50 

16             47                           36                         52                             45 

17             42                           54                         45                             52 

18             47                           75                         50                             30 

19             46                           46                         58                             40 

20             42                           50                         20                             48 

21             42                           25                         62                             70 

22             47                           50                         80                             29 

23             40                           65                         78                               - 

24             40                           52                         54                               - 

25             48                            -                           39                               - 

26             41                            -                           45                               - 

27             46                            -                           42                               - 
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28             48                            -                            -                                 - 

29             48                            -                            -                                 - 

 

Table 5: Total Aerobic and Anaerobic count before Digestion 

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

Cowdung                      8.9x106                                                       7.5x106 

Poultry droppings         1.2x106                                                        9.4x106 

 

Table 6: Total aerobic and anaerobic count after Digestion 

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

Cowdung                      4.9x106                                                       8.2x106 

Poultry droppings         6.8x106                                                       1.15x106 

 

DISCUSSION. 

The result of the analysis of the substrates shows that they contain the nutrient 

required by microorganism to utilize in the digestion process. They contain ash, 

crude protein, crude fiber, and nitrogen free extract. 

The highest total volume of biogas produced was in digester B. The growth of 

microbes during anaerobic fermentation is affected by pH. The amount of 

carbon dioxide and volatile fatty acids produced during the anaerobic process 

affects the pH of the digester contents. The average pH observed in the study is 

in line with the report of ( Adeniran et al.,2014). 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 (Ozor et al., 2014) 

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. The result of the research on biogas composition 

agrees with the research of (Xie et al., 2012) that biogas composition varies and 

depends on sources of organic manure. Different quantities of biogas have been 

produced from various sources and can be affected by various factors. The 

findings were in line with the report of (Imam et al., 2013) who observed that 

rumen of the ruminant animals contains highly anaerobic bacteria dominated by 

cellulolytic bacteria able to biodegrade cellulose material from manure. This is 

in consonance with other results of researchers that amount of biogas produced 

seemed proportional to the initial inoculums ,which concluded that inoculum 

has a high influence on the rate and cumulative biogas production. The 

observation of the study also collaborates with the report of (Westerholm et al., 



176  africanscholarpublications@gmail.com                                                                               

 2020 

 

2012) who reported low biogas production at the starting and at the  end of  the 

observation period which was predicted because biogas production rate in batch 

condition is directly equal to specific growth of methanogenic bacteria.  

It is not clear why the gas yield of the digesters C was much lower than that of 

the A and B digesters considering that digestion in all cases were carried out 

under the same temperature conditions. Since the bacterial isolates were mostly 

mesophilic organisms, it is possible that temperatures as high as 40°C could 

have limited their activities. The highest percentage weekly biogas productions 

were observed in digesters A and B respectively. The periods of higher gas 

production were periods of higher microbial activity following the period of 

acclimatization for the microorganisms. The high gas production in week 2 

recorded for the digester A is compactable with the finding of (Tripathi et al., 

2015) who reported highest biogas production in week 2 for anaerobically 

digested abattoir waste. A retention time of four weeks brought about better 

biogas yields in the present study. The microbial isolates from the digesters 

included Bacillus spp and Clostridium spp. These were probably responsible 

for the breakdown of complex organic substances to intermediates such as 

volatile fatty acids which were ultimately converted to biogas which is related 

to (Castrillon et al., 2013) report that Bacillus, and Pseudomonas species were 

responsible for biogas production in cow dung. 

 

CONCLUSION 

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

dung and poultry droppings by indigenous microbial consortia. Cow dung and 

poultry droppings are 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. 

 

RECOMMENDATIONS 

1. Cow dung and poultry droppings 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. 

3. Further work should be carried out on biogas using devices that can 

effectively measure the volume of biogas produce on a daily basis and 

also to increase the amount of gas trapped in the digester.        
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