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Abstract: Anaerobic digestion process is gaining attention in the agriculture industry because 

of its potential for renewable energy production and manure stabilization. These potential 

benefits are significant against the current backdrop of rising energy costs and growing 

environmental concerns. Anaerobic digestion is a naturally occurring process through which 

organic matter such as manure, feed spills, meat processing wastes and crop residues are 

stabilized by microorganisms strictly in the absence of air. In developing countries, the 

inadequate management of waste particularly in urban areas where the consumption pattern 

have changed and the generation rate increased  substantially from one location to another and 

from time to time. This study explored the production of biogas from kitchen wastes mixed with 

intestinal cow dung in a semi continuous anaerobic digester. Materials used as feed were Paw 

Paw, tomato, banana peels and intestinal cow dung. Various parameters were determined using 

standard methods; water displacement method was used to determine the volume of gas 

produced. The combustibility of the gas generated was tested using Bunsen burner. 

Microbiological methods were employed for the microbiological analysis. The temperature and 

pH recorded in the digester range from 27-33
o
C and 0-6.81c respectively. It was observed that 

the waste slurry produced biogas without nutrient or chemical addition to the digester. The 

highest volume of gas (2.8ml) was produced on the 14
th

 day where the temperature (29
o
C) and 

pH (6.79) were relatively high. The result of the statistical analysis showed there is significant 

difference (P<0.05) in the slurry temperature and pH as compared to the volume of gas 

produced. The Bacteria isolates identified from the digester include Proteus Spp, Bacillus Spp, 

Escherichia Coli, Klebsiella Spp and Staphyllococcus Spp. Based on this, the search for 

alternative source of Energy such as Biogas should be intensified so as to curb the incidence of 

ecological disasters like Environmental pollution, deforestation, desertification and erosion. 
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  Introduction 

Energy production from fossil fuels becomes more and more problematic since these resources 

are running short and burning of coal, oil and natural gas is connected with emission of the 

green house gas Carbon dioxide. It is intended to enhance the proportion of biomass for energy 

production. Long-term objectives of this policy are to ensure energy supply and to reduce 

green-house emissions. Biogas production from renewable resources or organic wastes is of 

importance (1). Biogas consists of methane, Carbon dioxide and low amounts of other gases. It 

is produced during anaerobic fermentation of organic substrates by specific microbial 

communities (8). This process is biotechnologically exploited to produce Biogas in commercial 

biogas plants (3). 

Anaerobic digestion is becoming more and more attractive for the treatment of high strength 

organic wastes such as municipal solid wastes since it produces renewable energy, methane and 

valuable digested residues, liquid fertilizer and soil conditioner(2) 

Fruits and vegetables wastes are produced in large quantities in markets, and contribute a source 

of nuisance in municipal landfills because of their high biodegradability (11). These local 

manure which could either be from animal herds, agricultural or industrial waste that are largely 

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

scale biogas production. The amount of fresh waste generated in Nigeria is around 

227,500ton/day, and contains more than 70% of organic wastes; the easy biodegradable organic 

matter content of vegetables waste with high moisture content facilitates their biological 

treatment and shows the trend of these wastes for anaerobic digestion (4). Biogas technologies 

commonly apply natural anaerobic consortia of microbes. 

The use of biomass is one of the most promising technological generations, however its main 

constituents are methane and different percentages can be obtained by using various raw 

materials. Biogas from organic waste digesters usually contains from 60-70% methane, 30-40% 

carbon dioxide, and <1% nitrogen. Biogas from sewage digesters usually contains from 53-65% 

methane, 35-45%carbon dioxide, <1% nitrogen and hydrogen sulphide. 

Anaerobic digestion of animal wastes could have a huge impact on renewable energy 

requirements. It is best suited to convert organic wastes from agriculture, livestock, industries, 

municipalities and other human activities into energy and fertilizers. Owing to the important 

roles demonstrated by rumen microorganisms in anaerobic digestion (10), animal manures have 

been established as suitable sources of Biogas production in Africa, although they are co-

digested with energy crops (6). Co-digestion refers to the simultaneous anaerobic digestion of 

multiple organic wastes in one digester. This principle enhances methane yield due to positive 

interactions established in the digestion medium, bacterial diversities in different wastes and the 

supply of missing nutrients by the co-substrate (7). 

Overall, anaerobic digestion reduces biomass waste and mitigates a wide spectrum of 

environmental undesirables; it improves sanitation, helps in air and water pollution control and 

reduces greenhouse gas emission. Also, it provides a high-quality nutrient-rich fertilizer and 

yield energy in the form of Biogas. The uses of Biogas vary greatly from developing to 

developed countries. In Africa, Biogas generated can be used as fuel for cooking, lighting and 

heating, it reduces the demand for wood and charcoal for cooking therefore helps preserve 

forested areas and natural vegetation, and can help alleviate very serious health problem due to 

poor indoor air quality associated with wood and charcoal used for cooking(5) 
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 Materials and Methods 

Reagents used were obtained from the biotechnology Laboratory, Federal University of 

Technology, Owerri. These include Kovac’s reagent, simon citrate Augar, hydrogen peroxide, 

TSI agar, sterile peptone water, distilled water, nutrient agar, crystal violet, gram’s iodine, ethyl 

alcohol, safranin and tetramethyl-p-phynylene-diamine dihydrochorid.  

Apparatus used include manual Biodigester of 10 litre capacity, petri dishes, electrical weighing 

balance, spatula, desicator, mercury in glass thermometer(0-100
o
C), pH meter, gas burner, 

incubator stand, beakers, conical flasks, syringes, measuring cylinder(pyrex), crucible, buchner 

funnel, oven, hose pipe, water trough, graduated (transparent bucket), evaporating(porcelain) 

dish, desicators, glass slides, inoculating loop, micropipettes, test tubes, Autoclave, test tube 

racks, Bunsen burner, separating funnel, bibulous paper, microscope, lens paper and cleaner, 

immersion oil, autoclave. Others include plastic barrels, PVC pipes(63mm), 2 bushings(63mm), 

Air valve (63mm), Gas locks and ½” socket, PVC Hoses, ABRO PVC gum, 4 minutes gum9 

(Hardner and Resin), Threaded tape, Tire tubes, Galvanized pipe(63mm), Galvanized pipe 

(1/2”), wrench, Hack saw, knife. 

Collection and processing of samples 

Fresh cow dung was collected from the Obinze Abattoir in Owerri West Local Government 

Area of Imo State of Nigeria.  

Varied quantity of food waste (Mango, Banana peel, Avocado, Papaya, and Tomato) and 

intestinal cow dung waste were weighed out and thoroughly mixed in a calibrated plastic bowl 

before charging into 10 litres bioreactor. Appropriate quantities of water 2:1 ratio to the waste 

were used. The quantity varies with the moisture content of the waste used. 

 Experimental design 

 Semi continuous bioreactor of 10 liter capacity was charged up to ¾ of the bioreactor volume, 

varying the amount of Cow dung and kitchen waste while the volume of water remained 

constant. 

The anaerobic biogas generation from kitchen wastes mixed with Cow manure was attempted 

using a smaller (10L) plastic container with dimensions of diameter 24cm on each end a height 

of 30cm. The digester  had two openings, one of these, 5cm in diameter, was connected to a gas 

collector of inverted smaller transparent bucket in a bigger one, through the base was connected 

to the Bunsen burner through a rubber tube and served as outlet for the gas generated. The first 

opening is left uncovered for subsequent feeding of the digester with slurry at the gas 

depreciating stage, while the other was made air tight throughout the digestion process. 

Analysis of waste 

Several analyses were carried out on the waste samples and these include microbiological 

analysis on the slurry and physicochemical analysis of the individual waste sample.  

Microbiological analysis 

Samples for microbial analysis were collected immediately the digester was set up in a 

collection bottle. The analysis was carried out to determine and estimate the microbial 

population present in anaerobic digestion and to identify the specific organism’s present. The 
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media was prepared according to the Manufacturers specification and the media used were: 

Nutrient agar (NA), Eosine methylene blue agar (EMBA). The samples (slurry and distilled 

water) were serially diluted by carrying out a 10-fold serial dilution after which 0.1ml of sample 

was inoculated into the already prepared media in the petri dish by spread plate method. After 

inoculation, the plates were incubated for24-48hours at 37
o
C for NA, and EMBA. After 

inoculation, the colonies formed were counted and were expressed as colony forming units per 

gram (CFU/g) to obtain total population. 

 Characterization of microbial isolates 

 The microbial isolates were characterized using staining, catalase, coagulate, indole, methyl 

Red and voges-proskaeur, citrate utilization, oxidase, urease, proximate tests analysis.  

Moisture content, ash content, total solid and volatile solids were measured using standard 

methods. 

Result 

TABLE 1: TOTAL BACTERIA COUNT FROM KITCHEN WASTE AND INTESTINAL 

COW DUNG BEFORE BIOGAS PRODUCTION 

Sample Media Colour Size Shape Elevation Total 

count(cfu/ml) 

Kitchen 

waste + 

intestinal 

cow 

 dung 

NA Creamy 1-3 Irregular Flat 5.3 x 10
6 

EMB Green 

metallic 

sheen 

 and  

violet 

1-3 Irregular Raised 5.0 x 10
4
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TABLE 2: BIOCHEMICAL IDENTIFICATION OF SOME BACTERIA ISOLATED 

FROM KITCHEN WASTES AND COW DUNG AFTER BIOGAS PRODUCTION 

 

KEY: +=Positive 

         --=Negative 

 

Ambient Temperature, Slurry temperature, pH, and Cumulative Biogas volume Yield 

The anaerobic digestion of cow dung generated some volume of biogas over the four-week 

digestion period. There was biogas production in the first two days of anaerobic digestion. The 

biogas yield of 2.8ml was observed in the 14
th

 day while the least was observed in the 22
nd

 day. 

The biogas yield decreases as the day increased  

  

SN 

Colour 

 

Gram  

reaction 

Catalase Glucose Sucrose Motility Indole Lactose Citrate Bacteria  

isolated 

Swoby 

Colony 

-- -- + + + + -- + Proteus spp 

Creamy 

Rhyzolike 

+ + + + -- -- -- + Bacillus spp 

Erase 

Colony 

-- + + + -- -- -- + Entherobacter 

spp 

Milkish + + + + -- -- -- + Bacillus spp 

Whitish 

Roundy 

-- + + + + + -- + E.coli spp 

Creamy  

Mucoid 

-- + + -- + -- -- + Klebsiella spp 

Tiny  

white 

+ + -- -- -- -- -- + Staphyllococcus 

spp 

Large  

Colony 

+ + -- -- -- -- -- + Bacillus spp 
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Table 3: AMBIENT TEMPERATURE, SLURRY TEMPERATURE, PH, AND VOLUME 

OF BIOGAS PRODUCED. 

Days Ambient temperature Slurry temperature 

(
0
c) 

pH Volume(ml) Combustion 

1 32 29 6.56 1.2 No 

2 30 28.5 6.68 1.6 No 

3 31 28 6.70 1.4 No 

4 28 29 6.10 1.5 No 

5 30 27.5 6.00 1.5 No 

6 32 30 6.20 1.7 No 

7 29 29 6.40 1.8 No 

8 31 28 6.60 1.5 No 

9 32 29 6.50 1.7 No 

10 30 28.5 6.70 2.3 Yes 

11 29 28 6.60 2.2 Yes 

12 28.5 27 6.50 2.2 Yes 

13 29 30 6.40 2.5 Yes 

14 30 29 6.79 2.8 Yes 

15 31 30 6.65 2.4 Yes 

16 27.5 29 6.75 2.3 Yes 

17 31 28 6.50 2.3 Yes 

18 32 31 6.65 2.1 Yes 

19 31.5 30 6.67 2.4 Yes 

20 29.5 29.5 6.78 2.3 Yes 

21 31 28.5 6.65 2.2 Yes 

22 32 29 6.76 2.1 Yes 

23 33 28 6.56 2.4 Yes 

24 29 33 6.73 2.1 Yes 

25 28 31 6.81 2.3 Yes 

26  30  32 6.79 2.2 Yes 

27 32 30 6.82 1.9 Yes 

28 30 29.5 6.78 1.8 Yes 

29 31 31 6.69 1.2 Yes 

30 32 33 6.81 1.6 Yes 

 

 Discussion and Recommendation  

The results demonstrate that biogas yields after 30 days digestion time are influenced by the 

mixing ratio, the equal the ratio, the higher the biogas yield. This positive relation might be due 

to high methanogenetic activity and/or the number of methanogens in the digester, that could 

result in the fewer amount of volatile fatty acids (VFA) produced during the acidogenic phase. 

Nevertheless, the final average pH values measured for the studied reactors were at least 6.82. 

The production of flammable biogas commenced 78 hours of charging. The high production of 

biogas observed in bioreactor (1:2) could be attributed to the high waster ratio in the slurry. The 

result from the study showed that Bacillus species were the most common bacteria isolated and 

identified during the research, suggesting that the species plays a role in the production of 
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biogas. The Bacillus species to overlap during the production were probably due to the fact that 

the organisms can produce spore which help to withstand the harsh anaerobic condition or heat 

evolved during the biogas production. In line with (8) in which Bacillus and Pseudomonas 

species were found to be responsible for biogas production from kitchen waste and cow dung. 

The result from triple sugar ion (Glucose, Sucrose, and Lactose) shows that some of the 

organisms found in the cow dung utilizes Glucose and Sucrose more in bioreactor, no organism 

utilized lactose. In tandem with the report of (11) reported slow biogas production at starting 

and end of study period which was predicted because biogas production rate in batch condition 

is directly equal to specific growth of methanogenic bacteria. 

The cultural morphology and gram reaction revealed colonies with creamy irregular edge and 

with different gram reaction. Multiplication of bacteria was slow initially and gradually 

increased in the second week. Growth entered in the third week and highest growth was 

recorded in the bioreactor. 

Recommendation 

This study has shown that intestinal cow dung and kitchen waste can be used to produce biogas 

which could be used to address the socio economic and environmental problems facing the 

country. The mathematical modeling further studies the determination of other agents (such as 

maintaining of mesophilic temperature and pH range, additives that enhance the production of 

biogas) for anaerobic digestion. With the creation of the World Biogas Association (WBA) that 

aim to zero the emission of green house gas and mitigate many of the impacts of climate change 

through capturing organic wastes, producing renewable energy and returning nutrients and 

organic content to the soil.   
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