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Anaerobic Decomposition of Cattle Manure 

Blended with Food Waste for Biogas Production 

M.E. Ojewumi, O.R. Obanla, G.P. Ekanem, P.C. Ogele, E.O. Ojewumi 

Abstract: The concern on how food and livestock waste should 

be managed and recycled has greatly increased in the world. This 

research investigated the anaerobic decomposition (digestion) 

process for biogas production on dairy cattle manure (CM) and 

food waste (FW) using a bacteria as inoculum - Pseudomonas 

aeruginosa.  CM and FW were co-digested with bacteria (P. 

aeruginosa) as the substrate. FW was allowed to decompose 

separately without inoculum for 30 days. Digesters (Bioreactor) 

were prepared in five places to monitor the maximum biogas 

production, generation rate of methane and number of days for 

the production of biogas. 1 to ratio 5ml and 10ml of FW were co-

digested with P. aeruginosa (bacteria) in 2 proportion and also 

Cow manure with 1 to ratio 1 and 0.5ml in 2 proportions [ 1:5ml; 

1:10ml and 1:1; 1:5ml]. Batch process operation was used under 

mesophilic condition (35⁰C) for the digesters/bioreactor. 

Production of biogas was notices on the third and fourth day 

after commencement for the digesters with cattle manure, fourth 

to fifth day for the digester (bioreactor) with bacteria and third 

day for the digester with only FW. FW and CM generated highest 

cumulative biogas with volume of 88.5g/kg.   

Keyword:  Decomposition, food waste, Pseudomonas 

aeruginosa, inoculum, methane, cattle manure, bioreactor. 

I. INTRODUCTION 

The rapid increase in food, livestock and agricultural waste 

which endangers the life of both plants and every living 

thing has necessitated the need to study how they could be 

recycled. A lot of work has been done by researchers on 

various ways by which these pollutants can be of positive 

relevance to guarantee an healthier environment such as 

bioconversion of waste paper to glucose, waste citrus and 

sweet potato peel to biodiesel (Ojewumi et al., 2014, 

Ojewumi et al., 2018b, Ojewumi et al., 2019b).  

Food waste has been anaerobic digested to biogas and some 

other useful products, which serves as an effective remedy 

for food waste treatment and valorisation (Zhang et al., 

2014, Kim et al., 2006). Ojewumi et al., 2019b recorded that 

wastage of food in Nigeria has been reported to an estimate 

of about $750 billion every year. Li et al., 2016 also 

reported that good amount of kitchen (food waste) are 

produced every year especially in the urban area.  This 

increase might likely become a big challenge to the 

environment if not properly managed (Ojewumi et al., 2017, 

Ojewumi et al., 2018a).  
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Greenhouse is reduced during anaerobic digestion (AD) 

since carbon dioxide and methane are released in a closed 

reactor this avoids its increase (Limam et al., 2016). 

Disposal of Food (kitchen) wastes and other types of wastes, 

such as organic municipal wastes and animal manures has 

been a major challenge for a very long time (Kim et al., 

2004, Nayono, 2010, Zhang et al., 2013, Yenigün and 

Demirel, 2013, Li et al., 2009, Tasnim et al., 2017). Zhang 

and Jahng, 2012, Owolabi et al., 2011 reported that the 

single stage fermentation treatment of food waste was 

introduced some years ago and it is yet to yield a positive 

result. 

Pseudomonas aeruginosa, is a bacterium of 

Pseudomononadaceae family and order of 

Pseudomonadales. This bacterium with others have been 

used by different researchers in Bioremediation, 

fermentation and numerous health benefits have also been 

highlighted (Ojewumi et al., 2018c, d, e).  

Aerobic fermentation occurs when air is involved in the 

reactor, while anaerobic takes place when air is required in 

the reactor (Ojewumi, 2016, Ojewumi, 2017, Ojewumi, 

2018a,). Conversion of cow dung, food waste and so many 

other wastes to biogas has been studied by so many 

researchers (Himathongkham et al., 1999, Uzoma et al., 

2011, Lehtomäki et al., 2007, Macias-Corral et al., 2008) 

and different microorganisms have also been used for the 

decomposition (Himathongkham et al., 1999, Lung et al., 

2001, Wichmann et al., 2014). 

II. MATERIALS AND METHOD  
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Figure 1. Biogas production flow diagram 

 
Figure 2. Biodegradation Process flow Chart (Vij, 2011) 

2.1. Sources of raw materials 

FW was collected from Covenant University Cafeteria.  It 

was processed using method of (Ojewumi et al., 2019a). 

Cow manure was collected from an abattoir very close to the 

University. 

2.2. Inoculum 

Freshly prepared and cultured P. aeruginosa was obtained 

from the Microbiology laboratory of Covenant University, 

Ota using (Ojewumi et al., 2016a, b, Ojewumi, 2018b, 

Ojewumi et al., 2018c, Ayoola et al., 2012) method. The 

bacteria used in this study have hydrolysing, acidogenic, 

acetogenic and methanogenic properties. The bacteria were 

used shortly after culturing.                                                         

2.3. Bioreactor Set up and digestion process  

Homogeneous mixture was obtained from 2kg of wastes and 

the method of  (Ojewumi et al., 2019a) was used for the 

reactor setup. 

2.4 Moisture content determination 

Method of (Ojewumi, 2016, Ojewumi, 2017, Ojewumi et 

al., 2019a) was used for the moisture content determination. 

2.6 Total solid 

Method of  (Ojewumi et al., 2019a) was also used for the 

determination of total solid. 

2.8 Waste Loading 

The digesters were each loaded with 2kg of FW sample with 

an organic waste loading of about 1g Volatile solid/Liquid 

(VS/L). Table 1 shows the ratio used for the mixture and 

bacteria loaded into the digester (inoculum).  15ml clinical 

syringe was used to measure bacteria into each 

reactor/digester. Digestion was carried out at room 

temperature for 30 days with intermittent mixing at every 30 

seconds.   

Table 1. Experimental ratio for the decomposition of FW and CM 

Reactor FW (kg) P. aeruginosa (ml)    CM(kg) Mixture Ratios 

1 2 -- 2 1:1 

2 2 -- 1 1:0.5 

3 2 5 -- 1:5 

4 2 10 -- 1:10 

5 2 -- -- 1 

2.9 Stirring 

The contents were stirred manually for 5 minutes and gently 

2 times every day. 

2.10 Collection & Testing of Gas 

Gas generated was collected using method of (Ojewumi et 

al., 2019a) 

2.11 Volume 

Downward replacement of water was used for the 

determination of volume of biogas generated.  Gas volume 

is measured at the upper part of the cylinder. A trough was 

mounted on water with a measuring cylinder to measure the 

level of the gas. Outlet of the bioreactor opening was 

connected to cylinder. The amount of water displaced by the 

gas was noted and recorded. The measuring cylinder allows 

the passage of the gas and the process continued until all the 

biogas was totally captured. 

2.12 Composition of   Gas 

Syringe method was used for the collection of gas produced. 

10ml of gas sample was piped 

through dilute NaOH, with 

intermittent shaking at 30 secs 

interval. Residual gas in the 
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tube was recorded. Since CO2 dissolves in the solution, the 

remaining gas is methane. 

 2.13 Withdrawing and weighting of Biogas 

Biogas that flows into the tyre tube that was connected to 

the digester was noted and recorded daily using an 

electronic weighing machine. The flow was made possible 

as a result of the pressure inside the bioreactor.   

III. 3. RESULTS AND DISCUSSION 

 Waste Analysis 

Table 2. FW parameters before the digestion process 

Parameter Value 

pH 6.84 

Total Solid (%) 18 

Moisture Content (%) 80.05 

Dissolved Oxygen 5.8 ppm 

 

Table 3. pH 

Bioreactor 

No. 

Bioreactor’s content Before digestion 

process 

After the process 

1 2 kg : 2 kg FW and CM 6.85 4.03 

2 2 kg : 1 kg FW and CM 6.55 4.05 

3 2 kg : 5 ml FW and Bacteria 6.25 3.85 

4 2 kg : 10 ml FW and Bacteria 7.25 4.12 

5 2 kg FW 5.55 3.99 

 

3.2. Biogas Generation 

  
Figure 3. 3D plot of Biogas produced daily with CM (Digester 1 & 2) 



 

Anaerobic Decomposition of Cattle Manure Blended with Food Waste for Biogas Production 

360 
Retrieval Number: A1504059120/2020©BEIESP 

DOI:10.35940/ijrte.A1504.079220 

Published By: 

Blue Eyes Intelligence Engineering 
& Sciences Publication  

 

2
6

10
14

18
22

No of digestion day

26

30 100

200

300
400

500

2kg CM + 2kg FW

600
700

1

101

201

301

401
1 kg CM + 2kg FW

501

601

   

Figure 4. 3D plot of Biogas cumulative yield produced using different ratio of CM (Digester 1 & 2) 
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Figure  5. 3D plot of Biogas produced daily using different ratio of inoculum(Digester 3 & 4) 
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Figure 6. 3D plot of Biogas cumulative yield produced using different ratios inoculum (Digester 3 & 4) 

No of digestion day

5 10 15 20 25 30

B
io

ga
s w

ei
gh

t p
ro

du
ce

d 
da

ily
 (k

/k
g)

0

1

2

3

4

5

 
 

Figure 7.  Weight of biogas produced daily with FW only (Digester 5) 
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Figure 8. Biogas cumulative yield produced on food waste only (Digester 5) 

 

 
 

Figure 9: Biogas produced daily for the five digesters 
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Figure 10. Biogas cumulative yield produced for all digesters 

Key: D1 = Digester 1, D2 = Digester 2, D3 = Digester 3, D4 

= Digester 4, D5 = Digester 5 

  

3.1. Combination of FW with CM 

Figures 3 and 4 above shows that 1 : 2kg CM and FW 

respectively (digester 2) produced more biogas than 2 : 2 kg 

CM and FW (digester 1). Digester 2 cumulative yield was 

about 88.5 g of biogas, while 2 kg CM + 2 kg FW produced 

about 58.6 g of biogas.  Gas production was noticed on the 

fourth (4
th

) and fifth (5
th

) day for 2 : 2kg CM and FW 

(digester 1) and between the third (3
rd

) and fourth (4
th

) day 

for 1 kg CM mixed with 2 kg FW. 

Highest biogas was produced by digester 1 with 2 kg CM + 

2 kg FW with 7g/kg biogas after 17
th

 day. Decrease in the 

production of biogas was noticed starting from the 20
th

 day. 

The lowest biogas yield was recorded on the 16
th
 day (0.1 

g/kg) with pH of 4.03, this justifies why low yield was 

observed as the bacteria used cannot grow in an acidic 

environment. 

The bioreactor with 1: 2kg CM and FW recorded highest 

biogas yield on the 15
th

 day (2
nd

 reactor).  Biogas decrease 

was steadily recorded on the 23
rd

 till the 30
th

 day. This 

probably happened as a result of the acidity in the bioreactor 

with pH of 4.05 which was acidic for methanogenesis to 

take place. 

3.2. Waste inoculated with Bacteria 

Figures 5 and 6 shows bioreactor 4 (digester 4) with 10 ml : 

2 kg bacteria and food waste respectively. More biogas was 

produced more than bioreactor 3 with 5 ml : 2 kg bacteria 

and food waste respectively. Bioreactor/Digester 4 gave a 

cumulative yield of 61.3 g while bioreactor/digester 3 

produced 52 g.  For bioreactor 3 biogas production was 

recorded on the 5
th

 and 6
th

 day and 4
th

 and 5
th

 day for 

bioreactor 4. 

4 g/kg of biogas was generated in the 3
rd

 bioreactor; on the 

14
th

 day of digestion. From the 19
th

 day a steady decrease in 

biogas production was observed. The can be as a result of 

the unconducive pH of 3.85, P. aeruginosa used for the 

digestion cannot grow in an acidic environment. Low biogas 

yield was recorded on the 30
th

 day (0.2 g/kg). Since the 

bacteria used have reached it optimum operational 

condition, production is no longer possible; substrate has 

been fully used up during the digestion process. 

The 4
th

 bioreactor recorded highest biogas yield on the 15
th

 

day with 5.5 g/kg gas weight. 18
th

 day of digestion produced 

4.4 g/kg biogas weight. There was a record of steady 

decrease in biogas production from the 23
rd

 day till 30
th

 day 

of digestion process. This can be as a result of acidic pH 

(4.12) obtained which makes methanogenesis impossible to 

take place. High production of biogas in digester 4 might 

also be due to the quantity of bacteria used which breaks 

down complex compounds to simpler form.  

3.3. Food waste without inoculum 

Biogas highest yield was recorded on the 15
th

 day in 

bioreactor 5 (digester with FW only), Figures 7 and 8 with 

biogas weight of 4.8 g/kg while 3.9 g/kg biogas produced on 

the 20
th

 day. Steady decrease of biogas production was 

observed on the 23
rd

 day of digestion till 30
th

 day. This is 

probably due to the acidic pH of 3.99 the waste during 

digestion which is also too acidic for methanogenesis to take 

place. Cumulative yield of 56.5 g/kg biogas was recorded in 

the 5
th

 bioreactor with no inoculum.  

3.4. Comparison of all ratios 

Bioreactor 2 gave the highest yield of biogas produced with 

1 kg CM mixed with 2Kg FW, figure 9 and 10, while 

bioreactor 1 (2 : 2 CM with 2 kg FW) had the highest 

cumulative yield. From the result, it can be deduced that 

cow manure can produce biogas without adding inoculum or 

co-digesting it with food waste.  

3.5. Gas Test 

Methane content in the gas generated was roughly 

calculated using syringe method.  Initial Methane volume in 

the syringe was used for the calculation. Bioreactor 1 shows 

the highest methane content. This may be due to the mixture 

of CM and FW as CM has a high C/N ratio while bioreactor 

4 gave lowest methane content. This could be as a result of 

acidogenesis phase which is the rate limiting phase of the 

digestion phase, which can reduce the amount of methane 

generated.  
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The methane content produced is directly proportional to the 

quantity of CM used in bioreactor 1 and 2 while this content 

is inversely proportional to the quantity of inoculum used in 

bioreactor 3 and 4,.  FW alone had 44% ratio of methane 

content produced  (Deublein, 2008, Temitayo, 2017). 

Table 4. Syringe method 

S/N Digester CH4:  Total volume  

of NaoH (ml) 

Methane Content 

1 2 kg Food Waste + 2 kg Cow 

manure 

2.6: 7.4 10 52% 

2 2 kg Food waste + 1 kg Cow 

manure 

2.4: 7.6 10 48% 

3 2 kg Food waste + 5 ml BA 2.1: 7.9 10 42% 

4 2 kg Food Waste + 10 ml BA 2: 8 10 40% 

5 2 kg Food Waste only 2.2: 7.8 10 44% 

 

Flame Test 

Light blue flame ignited from the collecting tube when lit as 

prove that the gas produced was biogas.  

IV. CONCLUSIONS 

The use of inoculum (P. aeruginosa) to degrade lipids of 

different types of waste into biogas shows that CM and FW 

can be used as feedstock/substrate for the generation of 

biogas. FW mixed with appropriate ratio of CM gave a good 

yield of total cumulative biogas production, which can be 

considered to be one of the most promising energy 

generations, provided anaerobic digestion treatment is 

adapted. The mixing together of FW and CM improved the 

generation of both biogas and methane, with total 

cumulative of about 88.5% biogas produced while the 

combination of 10ml P. aeruginosa with 2 kg FW (10ml + 2 

kg FW) gave 61.2%. Since the raw materials used are 

readily available this can serve as a form of relieve to the 

world and a means of waste management. 

Conflicts of Interest: No conflicts of interest. 

Acknowledgments: The authors appreciate the sponsorship 

of Covenant University, Ota, Nigeria. 

REFERENCES 

1. AYOOLA, A., ADEEYO, O., EFEOVBOKHAN, V. E. & AJILEYE, 

O. 2012. A comparative study on glucose production from sorghum 

bicolor and manihot esculenta species in Nigeria. International 
Journal of Science and Technology, 2, 353-357. 

2. DEUBLEIN, D. 2008. Biogas from Waste & Renewable Resources, 

Hong Kong, Wiley-Vch. 
3. HIMATHONGKHAM, S., BAHARI, S., RIEMANN, H. & CLIVER, 

D. 1999. Survival of Escherichia coli O157: H7 and Salmonella 
typhimurium in cow manure and cow manure slurry. FEMS 

Microbiology Letters, 178, 251-257. 

4. KIM, J. K., OH, B. R., CHUN, Y. N. & KIM, S. W. 2006. Effects of 

temperature and hydraulic retention time on anaerobic digestion of 

food waste. Journal of Bioscience and bioengineering, 102, 328-332. 

5. KIM, S.-H., HAN, S.-K. & SHIN, H.-S. 2004. Feasibility of 
biohydrogen production by anaerobic co-digestion of food waste and 

sewage sludge. International Journal of Hydrogen Energy, 29, 1607-

1616. 
6. LEHTOMÄKI, A., HUTTUNEN, S. & RINTALA, J. 2007. 

Laboratory investigations on co-digestion of energy crops and crop 

residues with cow manure for methane production: effect of crop to 
manure ratio. Resources, Conservation and Recycling, 51, 591-609. 

7. LI, R., CHEN, S. & LI, X. 2009. Anaerobic co-digestion of kitchen 

waste and cattle manure for methane production. Energy Sources, 
Part A: Recovery, Utilization, and Environmental Effects, 31, 1848-

1856. 

8. LIMAM, I., LIMAM, R. D., MEZNI, M., GUENNE, A., MADIGOU, 
C., DRISS, M. R., BOUCHEZ, T. & MAZEAS, L. 2016. Penta-and 2, 

4, 6-tri-chlorophenol biodegradation during municipal solid waste 

anaerobic digestion. Ecotoxicology and environmental safety, 130, 

270-278. 

9. LUNG, A., LIN, C.-M., KIM, J., MARSHALL, M., NORDSTEDT, 
R., THOMPSON, N. & WEI, C. 2001. Destruction of Escherichia coli 

O157: H7 and Salmonella enteritidis in cow manure composting. 

Journal of food protection, 64, 1309-1314. 
10. MACIAS-CORRAL, M., SAMANI, Z., HANSON, A., SMITH, G., 

FUNK, P., YU, H. & LONGWORTH, J. 2008. Anaerobic digestion 

of municipal solid waste and agricultural waste and the effect of co-
digestion with dairy cow manure. Bioresource technology, 99, 8288-

8293. 
11. NAYONO, S. E. 2010. Anaerobic digestion of organic solid waste for 

energy production, KIT Scientific Publishing. 

12. OJEWUMI, M.E. 2016. Optimizing the Conditions and processes for 
the production of Protein Nutrient from Parkia biglobosa seeds. A 

thesis submitted in partial fulfillment of the award of the degree of 

Ph.D in Chemical Engineering, Covenant University, Nigeria. 
13. OJEWUMI, M.E., Omoleye, J.A., Ajayi, A.A.. 2017. Optimization of 

Fermentation Conditions for the Production of Protein Composition in 

Parkia biglobosa Seeds using Response Surface Methodology. 
International Journal of Applied Engineering Research, 12, 12852-

12859. 

14. OJEWUMI, M.E., EMETERE, M.E., AMAEFULE, C.., 
DURODOLA, B. & ADENIYI, O. D. 2018a. Bioconversion of 

Orange Peel Waste by Escherichia Coli and Saccharomyces 

Cerevisiae to Ethanol. International Journal of Pharmaceutical 
Sciences and Research, 10(3): 1246-1252. 

15. OJEWUMI, M.,E.,  OGELE, P.C., OYEKUNLE, D.T., OMOLEYE, 

J.., TAIWO, S. O & OBAFEMI, Y.D. Co-digestion of cow dung with 
organic kitchen waste to produce biogas using Pseudomonas 

aeruginosa.  Journal of Physics: Conference Series, 2019a. IOP 

Publishing, 012011. 
16. OJEWUMI, M.E., OMOLEYE, J.A. & AJAYI, A.A. 2016a. The 

Effect of Different Starter Cultures on the Protein Content in 

Fermented African Locust Bean (Parkia Biglobosa) Seeds. 
International Journal of Engineering Research & Technology 

(IJERT), 5, 249-255. 

17. OJEWUMI, M. E., OMOLEYE, J.A., NYINGIFA, S.A. 2018a. 
Biological and chemical changes during the aerobic and anaerobic 

fermentation of African locust bean. International Journal of 

Chemistry Studies, 2, 25-30. 
18. OJEWUMI, M. E., E.V. ANENIH, TAIWO, O.S., ADEKEYE, B.T., 

AWOLU, O.O., OJEWUMI, E.O. 2018b. A Bioremediation Study of 

Raw and Treated Crude Petroleum Oil Polluted Soil with Aspergillus 
niger and Pseudomonas aeruginosa. Journal of Ecological 

Engineering, 19, 226-235. 

19. OJEWUMI, M. E., AKWAYO, I. J., TAIWO, O. S., OBANLA, O. 
M., AYOOLA, A. A., OJEWUMI, E. O. & OYENIYI, E. A. 2018b. 

Bio-Conversion of Sweet Potato Peel Waste to BioEthanol Using 

Saccharomyces Cerevisiae. Bio-Conversion of Sweet Potato Peel 
Waste to BioEthanol Using Saccharomyces Cerevisiae, 8, 46-54. 

20. OJEWUMI, M. E., AYOMIDE, A. A., OBANLA, O. M. & 

OJEWUMI, E.O. 2014. Pozzolanic properties of Waste Agricultural 
Biomass-African Locust Bean Pod Waste. World Journal of 

Environmental Biosciences, 6, 1-7. 

 
 

 

 
 

 



International Journal of Recent Technology and Engineering (IJRTE) 

ISSN: 2277-3878, Volume-9 Issue-2, July 2020 

365 
Retrieval Number: A1504059120/2020©BEIESP 

DOI:10.35940/ijrte.A1504.079220 

Published By: 
Blue Eyes Intelligence Engineering 

& Sciences Publication  

21. OJEWUMI, M. E., EMETERE, M. E., BABATUNDE, D. E. & 

OKENIYI, J. O. 2017. In Situ Bioremediation of Crude Petroleum Oil 
Polluted Soil Using Mathematical Experimentation. International 

Journal of Chemical Engineering, Volume 2017, Article ID 5184760, 

11 pages, https://doi.org/10.1155/2017/5184760 
22. OJEWUMI, M. E., KOLAWOLE, O. E., OYEKUNLE, D., TAIWO, 

O. S. & ADEYEMI, A. 2019b. Bioconversion of Waste Foolscap and 

Newspaper to Fermentable Sugar. Journal of Ecological Engineering, 
20, 35-41. 

23. OJEWUMI, M. E., OBIELUE, B. I., EMETERE, M. E., AWOLU, O. 

O. & OJEWUMI, E. O. 2018c. Alkaline Pre-Treatment and 
Enzymatic Hydrolysis of Waste Papers to Fermentable Sugar. Journal 

of Ecological Engineering, 19, 211-217. 

24. OJEWUMI, M. E., OKENIYI, J. O., IKOTUN, J. O., OKENIYI, E. 
T., EJEMEN, V. A. & POPOOLA, A. P. I. 2018d. Bioremediation: 

Data on Pseudomonas aeruginosa effects on the bioremediation of 

crude oil polluted soil. Data in Brief, 19, 101-113. 
25. OJEWUMI, M. E., OKENIYI, J. O., OKENIYI, E. T., IKOTUN, J. 

O., EJEMEN, V. A. & AKINLABI, E. T. 2018e. Bioremediation: 

Data on Biologically-Mediated Remediation of Crude Oil (Escravos 
Light) Polluted Soil using Aspergillus niger. Chemical Data 

Collections 17–18 (2018) 196–204. 

26. OJEWUMI, M. E., OMOLEYE, J.A. & AJAYI, A.A. 2016b. The 

Study of the Effect of Moisture Content on the Biochemical 

Deterioration of Stored Fermented Parkia Biglobosa Seeds. Open 

Journal of Engineering Research and Technology, 1, 14-22. 
27. OWOLABI, R.U., OSIYEMI, N.A., AMOSA, M.K. & OJEWUMI, 

M.E. 2011. Biodiesel from household/restaurant waste cooking oil 
(WCO). J Chem Eng Process Technol, 2 2:112. doi:10.4172/2157-

7048.10001 1 2 

28. TASNIM, F., IQBAL, S. A. & CHOWDHURY, A. R. 2017. Biogas 
production from anaerobic co-digestion of cow manure with kitchen 

waste and Water Hyacinth. Renewable Energy, 109, 434-439. 

29. TEMITAYO, O. D. 2017. Optimization of Oil Extraction from 
Thevetia Peruviana (Yellow Oleander) Seeds: A Case Study of Two 

Statistical Models. International Journal of Engineering and Modern 

Technology, 3, 25-42. 
30. UZOMA, K., INOUE, M., ANDRY, H., FUJIMAKI, H., ZAHOOR, 

A. & NISHIHARA, E. 2011. Effect of cow manure biochar on maize 

productivity under sandy soil condition. Soil use and management, 
27, 205-212. 

31. VIJ, S. 2011. Biogas production from kitchen waste & to test the 

Quality and Quantity of biogas produced from kitchen waste under 
suitable conditions. 

32. WICHMANN, F., UDIKOVIC-KOLIC, N., ANDREW, S. & 

HANDELSMAN, J. 2014. Diverse antibiotic resistance genes in dairy 
cow manure. MBio, 5, e01017-13. 

33. YENIGÜN, O. & DEMIREL, B. 2013. Ammonia inhibition in 

anaerobic digestion: a review. Process Biochemistry, 48, 901-911. 
34. ZHANG, C., SU, H., BAEYENS, J. & TAN, T. 2014. Reviewing the 

anaerobic digestion of food waste for biogas production. Renewable 

and Sustainable Energy Reviews, 38, 383-392. 
35. ZHANG, C., XIAO, G., PENG, L., SU, H. & TAN, T. 2013. The 

anaerobic co-digestion of food waste and cattle manure. Bioresource 

technology, 129, 170-176. 
36. ZHANG, L. & JAHNG, D. 2012. Long-term anaerobic digestion of 

food waste stabilized by trace elements. Waste Management, 32, 

1509-1515. 

 

 

 

 

 

 

 

 

 

 

 

View publication statsView publication stats

https://www.researchgate.net/publication/343229996



