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ABSTRACT 

This project work focused on generation of biogas using rumen contents as 

substrate and determining the retention time of the substrate. Construction of 

the biogas digester, and determination of proximate composition of the rumen 

content was carried out using standard procedures. A three drum digester set 

were designed and used in this research work. The substrate (rumen contents) 

was in the ratio 2:1 with the water. The digesters were stirred thrice daily to 

avoid scum formation in the digesters and to allow for easy escape of the gas 

produced. The retention time was determined to be  23days for the substrate  

during which the daily internal temperature reading was taken in order to 

determine temperature variation and also to determine the effect of sunlight on 

the production rate. Also microbial analysis, Biochemical Tests, Gram Staining 

and microscopy were carried out. Therefore, the average gas produce within 

an interval of 3days are; day1-3(39.6cm3), day4-6(37.3cm3), day 7-9(32.6cm3), 

day10-12(32.3cm3), day13-15(37cm3), day16-18(43.3cm3), day19-21(43cm3), 

The result obtained from this study indicates that Bacillus species were the most 

common bacteria isolated and identified during the research, suggesting that 

the species plays a vital role in the microbial activities for the production of 

biogas. The study also revealed that rumen content has great potential for the 

generation of Biogas and produced large quantity of Biogas during 15-21days 

retention time.  
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Background of the Study 

Biogas which is produced when bacteria decompose organic material such as 

garbage and sewage is a mixture of methane carbon dioxide and other trace 

elements (Onwuliri et al., 2013). Biogas is a mixture of colorless, flammable 

gases obtains by anaerobic digestion of organic waste by bacteria. It can be used 

both in urban and rural areas (Onwuliri et al., 2013).  

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 (Onwuliri et 

al., 2013). 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, 2016 biogas is an environmental friendly and one of the 

most efficient and effective options for renewable energy among various other 

alternative sources. It is produced by the bio-methenization process, and the 

effluent from the process is rich in essential nutrient that can be utilized as a 

very good fertilizer.  

The product of anaerobic digestion 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 concentration of the slurry, digester type and 

design, 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). 

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

or electricity and therefor 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) 

The product of anaerobic digestion 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 
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include temperature, total solid concentration of the slurry, digester type and 

design, 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). 

 

Rumen Content 

Rumen content is sometimes pelletized for use as a fertilizer, and this product 

may have additional phosphorus, potassium or nitrogen added. (Singh et al., 

2004) Optimal storage conditions for rumen content include keeping it in a 

covered area and retaining its liquid, because a significant amount of nitrogen 

exists in the urine. Fresh rumen content contains 0.5% to 0.9% nitrogen, 0.4% 

to 0.5% phosphorus, and 1.2% to 1.7 % potassium. (Edwards and Bater,  2012). 

 

Rumen Content and Biogas 

During recent decades, the problem of efficient disposal and management of 

organic wastes has become more significant as of rapidly increasing population, 

urbanization and industrialization. Production of large quantities of organic 

waste all over the world poses major environmental (offensive odors, 

contamination of ground water and soil) and disposal problems. Therefore, the 

disposal of different types of wastes has become very crucial issue for 

maintaining environmental health. In this context, biogas production may be 

low-cost, viable and rapid technique/option for the efficient management of 

poultry wastes (FAO/CMS 1996). 

Fresh or semi-dried rumen content are allowed in agricultural land as fertilizer 

in low income areas. This may be contrast to developed areas as poultry 

droppings are used only after certain interval of discharge as after drying or 

provision of processing as composting. These scenarios are, however, 

unaffordable to most of the inhabitants of least developed countries (BRTC 

2010). It is surprising as the absence or insufficiency of adequate rumen content 

management in many villages/towns of least developed countries, particularly 

in low income areas, increasing on leads to serious public health and 

environmental hazards. (Safely et al., 2015) rumen content is highly sensitive 

to public health, water resources pollution as well as aesthetic value of the 

acreage. Practically the nutrient available in rumen content has not being fully 
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utilized, resulting in loss of fertilizing values (such as Nitrogen, Phosphorus, 

Potassium, and so many more, (Bhandari 2004). 

 A number of plant pathogenic disease producing agents are also disseminated 

through untreated rumen content and the economic losses accruing from these 

are enormous. Apart from the fact that fresh and semidried rumen content 

applied on the farm as fertilizer is a potential health hazard to grazing animals 

and leaching effect into the ground and sources of water also poses great threat 

to humans. Thus, proper management of rumen content is essential to utilize the 

nutrient value, to contribute energy demand and ultimately maintain sanitary 

condition of the community. (Edwards and Bater, 2012). 

 

The Production of Biogas 

Biogas is produced by microorganisms, such as methanogens and sulfate-

reducing bacteria, performing anaerobic respiration. Biogas can refer to gas 

produced naturally or industrially. 

 

Retention Time 

The retention time can only be accurately defined in batch-type facilities. The 

length of time that volatile solids remain in an anaerobic digesters is an 

important factor in the digestion process. The solids retention time (SRT) 

represents the average time microorganisms spend in the system. Minimum 

solids retention times for anaerobic digestion system are in the range of 2-6 days 

depending on the temperature. In completely mixed anaerobic digester where 

no recycling occurs, the SRT is equal to hydraulic retention time (HRT). 

Hydraulic retention time usually varies from 10 to 30 days depending on the 

temperature (Senapati and Julka (2013).The longer a substrate is kept under 

proper reactor conditions the more complete its degradation will become. But 

the reactor rate will decrease with increasing residence time. The disadvantage 

of a longer retention time is the increasing reactor size needed for a given 

amount of substrate to be treated. A shorter retention time will lead to a higher 

production rate per reactor volume unit, but a lower overall degradation. These 

two effects have to be balanced in the design of the full scale reactor. If the 

retention time is too short, the bacteria in the digester are “washed out” faster 

than they can reproduce, so that the fermentation practically comes to a 
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standstill, while a long retention time requires a large digester. (Appels et al., 

2008).  

 

Benefits of Manure Derived Biogas  

High levels of methane are produced when manure is stored under anaerobic 

conditions. During storage and when manure has been applied to the land, 

nitrous oxide is also produced as a byproduct of the denitrification process. 

Nitrous oxide (N2O) is 320 times more aggressive as a greenhouse gas than 

carbon dioxide (Journal of food and agricultural organization 2016), and 

methane 25 times more than carbon dioxide. By converting cow manure into 

methane biogas via anaerobic digestion, the millions of cattle in the United 

States would be able to produce 100 billion kilowatt hours of electricity, enough 

to power millions of homes across the United States. In fact, one cow can 

produce enough manure in one day to generate 3 kilowatt hours of electricity; 

only 2.4 kilowatt hours of electricity are needed to power a single 100-watt light 

bulb for one day. Furthermore, by converting cattle manure into methane biogas 

instead of letting it decompose, global warming gases could be reduced by 99 

million metric tons or 4%. (Webber et al., 2008) 

 

The Application of Bioga 

Biogas can be used for electricity production on sewage works, in a CHP gas 

engine, where the waste heat from the engine is conveniently used for heating 

the digester; cooking; space heating; water heating; and process heating. If 

compressed, it can replace compressed natural gas for use in vehicles, where it 

can fuel an internal combustion engine or fuel cells and is a much more effective 

displacer of carbon dioxide than the normal use in on-site CHP plants. (Biogas 

CHP, 2015) 

 

MATERIALS AND METHOD 

Cleaning and Sterilization of Glassware 

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

oven at 160OC 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. 
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Experimental Design  

Setting up the three Drum Digester  

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

of drums of different diameters. The gas collector size 25 cm3, the reactor size 

27cm3, water sealed tank 30cm3. 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 

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. 

 

Sample Collection  

Rumen content was collected at Gwallameji village, Bauchi and transported in 

a clean polythene bag to the laboratory for analysis. 

 

Mixing of the Substrates 

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

of grass vegetable mixture was taken into the digester, 1kg of rumen content, 

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. 

 

Measurement of pH 

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

meter. Most of the methanogens grow at the pH range of 6.9-7.8 (Suyog et.al, 

2016). 
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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 

according to Suyog, 2010.  

   

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 et 

al (2016). 

 

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 recorded. 

 

Morphological and Cultural Characterization 

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

by Gram staining method and through pigmentation, size and shape of the 

colonies. 

 

Biochemical Analysis 

Biochemical test was carried out to ascertain the type of microorganism isolated 

from each sample. This was done according to (Suyog, 2016). 
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Catalase Test 

This is use to identification of bacteria specie that produces theenzyme 

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 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. 

 

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, 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 

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 
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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. A Bunsen burner was connected to the gas produced if it does not 

burn well it shows that other trace element such as nitrogen is present.    

 

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 I, shows the result obtained from proximate analysis of rumen content. 

The analysis of rumen content shows moisture content  20%, ash content  

22.8%, total solid content 70%, fat content 3.2%, crude fiber  3.5%. 

 

Table I: Proximate Analysis of Undigested Sample (Rumen Content) 

 

Table II: shows the result of the biochemical identification test, Gram reaction 

of the rumen content, which shows that Bacillus species and salmonella  species 

and enterococcus species were the probable organism seen.  

Parameter Table Rumen content  

Moisture content  20 

Ash content 22.8 

Total solid 70 

Crude fibre content  3.5 

Fat content 3.2 

Total 119 
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Table. II Biochemical Analysis of the Isolates  (Rumen Content) 

     digester A       digester B  digester C    

Gram reaction  +   -   + 

Catalase   +   -   + 

Coagulase   -   -   - 

indole    -   -   - 

Glucose.                A.                A/G                 A 

Lactose.            A.                -                            

A/G 

Manitol.         A/G.                A.                   A.             

Maltose.                  A/G.                A.                   A/G.             

suspected Org.         Bacillus. spp           Salmonella       

Enterococcus   

Key  

+   = positive  

-       = negative  

AG  = acid and gas 

A  = Acid 

  

 

Table III contains the result of the determination of the cumulative 

biogas in the three drum digester. Which was determined after the period 

of three days, for 21days retention time at a constant temperature.  

 

Table (III): Analysis of the Retention Time (Rumen Content) 

Retention Time  

       (Days)     A (ml)  B (ml) C(ml)  Temperature. (oC)  

1-3                53       37   29            30 

4-6                 42      32  38             35.4 

7-9           32       34  32   29 

10-12          29       40  28     32  

13-15            33       41  37      37 

16-18            42     38  50    40 

19-21           37     52  40   39 
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KEY  

A = digester 1 

B = digester 2 

C = digester 3 

 

Table (IV): Analysis of pH of the Substrate 

Digesters Inititial pH Final pH    

D 1 7.27 6.83 

D 2 7.22 6.38 

D 3 7.11 5.67 

KEY  

D 1 = digester 1 

D 2 = digester 2 

D 2 = digester 3 

 

Table (V): Results of Total Aerobic and Anaerobic Count Before Digestion  

Sample   Aerobic 

(cfu/ml) 

Anaerobic 

(cfu/ml) 

Rumen content  121x 105 94 x 105 

 

Table (VI): Results of Aerobic and Anaerobic Count After Digestion  

Sample  Aerobic 

(cfu/ml) 

Anaerobic 

(cfu/ml) 

Rumen content 68 x 105 115 x 105 

 

DISCUSSION, CONCLUTION AND RECOMMENDATIONS 

Discussion 

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

the nutrient required by microorganism to utilize in the digestion process. They 

contain ash content, moisture, total solid, volatile content, carbon content, crude 

fiber and fat content. The results from this Research showed Bacillus species 

appear as to overlap from one stage to another during biogas production, 

suggesting a succession in species of bacteria during the process of gas 
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production. The result obtained from this study indicates that Bacillus specie 

were the most common bacteria isolated and identified during the research, 

suggesting that the species plays a vital role in the microbial activities for the 

production of biogas. This was in conformity to the findings of Bagudo., et al., 

(2015) in which the production of biogas from content of sheep colon at two 

weeks retention time  was achieved . 

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 3week recorded for the digesters is comparable with the finding 

of (Noor et al., 2013) who reported highest biogas production in 3week for 

anaerobically digested abattoir waste. A retention time of three 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 (Salam et al., 2015) reporte that Bacillus, and  Pseudomonas species 

were responsible for biogas production in rumen content. 

 

Conclusion 

The study concluded that a retention time of two weeks brought about better 

biogas yields using rumen content. Rumen content 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 result of the research shows that rumen 

contents of abattoir can serve as a suitable substrate for the production of 

Biogas. Results from this work showed that biogas was produced from the 

rumen content at different retention time. The utilization of this substrate for 

biogas production could eliminate its disposal problems and create another 

abundant source of sustainable energy.  

 

Recommendations 

Based on the results and findings of this study, the following recommendations 

are suggested for future experiment: 

1. More research bodies and organizations should be created by the 

government or tertiary intitutionss to translate this study into a high 

performing technology.  
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2. A means of sustaining mesophilic temperature should be developed, as 

productivity of biogas is higher at this temperature region.  

3. To maintain the temperature of digester, it should be thermally 

insulated to prevent loss of heat and the material for the construction 

should be non-heat reflector. 

4. Further work should be carried out on the retention time of a 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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