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ABSTRACT 

Co-digestion is the long -established technology that endorsed for the production of wealth 

from the waste. The biogas production usually carried by a mono digestion with single 

feedback, however efforts were made for optimising the productivity by combining multiple 

feedstocks. The present study was designed on the co-digestions at mesophilic range. Here, 

one substrate (poultry litter) having low C/N ratio is co-digested with another substrate (cow 

dung) having high C/N ratio. Different batch experimental setups were conducted with different 

ratios of cow dung and poultry litter for a retention period of 60 days to evaluate the best 

possible ratio of these two substrates at which gas yield is high and process is stable in terms 

of pH change, nutrients requirements, biomass growth etc. Parameters like Total solids, 

Volatile solids, C.O.D, Alkalinity, Microbial growth count (CFU) were analysed at equal time 

intervals by using standard methods. Gas produced is collected and measured daily by using 

water displacement method and the purity of the gas is analysed by Gas Chromatography (GC). 

Analytical parameters C, H, N, S values were being calculated at different stages of the 

experimental process. The variations in VFA’s were analysed using HPLC.  The co-digestion 

has been proved as a good alternative and promising to provide better biogas compared to the 

existing methods 

Keywords: Anaerobic co-digestion, Cow dung, Poultry litter, Biogas, Methane, microbial 

growth 

1.Introduction 

Biogas, a clean and green fuel is used as a substitute for Liquified Petroleum Gas (LPG) or 

natural gas. Biogas generation from microbial degradation of organic wastes under anaerobic 

conditions has become attractive globally because of its importance as a method of waste 

treatment and resource recovery. Besides the growing energy needs for both rural and urban 

population and the fear of depletion of fossil fuels in the near future, biogas technology should 

be given attention. Anaerobic digestion is considered to be one of the most economic ways of 

producing bio-energy from biomass and has been used efficiently to treat various household, 

industrial and agricultural organic waste (P. Chaiprasert et al., 2012). Sometimes anaerobic 
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digestion of single substrate may not be economically viable owing to its characteristics. 

Therefore, anaerobic co-digestion is emerging as suitable alternative. Co-digestion is the 

digestion of a mixture of two or more substrates with complementary characteristics. The 

composition of biogas mixture depends upon the source of feed stock and the management of 

the digestion process. Poultry litter is highly biodegradable and hence anaerobic method of 

disposal is the most preferred option (Gangagni Rao et al., 2008a,b, 2011; Kelleher et al., 2002; 

Salminen and Rintala, 2002a). In the present work, Batch experiments were organized at 

mesophilic range with different ratios of cow dung having high C/N ratio and poultry litter 

having low C/N ratio to evaluate the best possible ratio of these two substrates at which gas 

yield is higher and process is stable in terms of pH change, nutrients requirements etc. 

 

1. Materials and Methods  

2.1 Substrates 

Poultry litter was collected from a poultry farm near Hyderabad, Andhra Pradesh, India. 

The poultry litter was brought to the laboratory and stored under dry conditions. Cow dung was 

brought from nearby cattle farm. Poultry litter and cow dung were mixed in three different 

ratios and was made into slurry and fed in four different digesters. 

 

2.2 Experiment set up 

A schematic diagram of the experimental set-up used in this study is shown in   Figure. 

1. A batch set-up of 3 glass bio-digesters (aspirator bottles) with a capacity of 1 L was used 

and the digestion of poultry litter with cow dung in three different Proportions of 1:1, 2:1 and 

3:1 respectively were taken and fed into three different digesters, one digester for each 

experiment. Another bio-digester (aspirator bottle) with a capacity of 2 L was fed with only 

cow dung slurry. Thus, the biogas produced in the digester by the fermentation slurry passed 

through the connecting tube, passed through water and collected by water displacement 

method.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Schematic Diagram of Experimental Setup 
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2.3 Experimental procedure and Operation 

The 4 bio-digesters were fed with the slurry as stated above and was operated for a 

retention period of 60 days. The biogas produced is collected through collecting tube by using 

water displacement method and is measured every day. 

2.4 Analytical methods 

Poultry litter and cow dung were characterized for pH, Total Solids, Volatile solids, 

Carbon, Nitrogen (C/N ratio), Hydrogen, Sulphur initially. During the course of the 

experiment, poultry litter and cow dung mixed slurries i.e., co-digested material in three cases 

and cow dung slurry in the fourth case were characterised for pH, Total Solids, Volatile Solids, 

Moisture content, Alkalinity, C.O.D for every ten days as per standard methods (APHA, 

1998).The amount of Carbon, Hydrogen, Nitrogen, Sulphur were estimated for 1st day, 30th day 

and 60th day. pH was determined with Digital pH meter. The volume of the biogas produced 

was measured daily and its composition was determined with GC and Volatile Fatty acids of 

the slurry are determined by HPLC for every 20 days. 

  

2. Results and Discussions 

3.1 Performance of bio-digesters 

The four Bio-digesters were operated for a period of 60 days and its performance is 

evaluated. The characteristics of the slurry like pH, Total Solids, Volatile Solids, Moisture 

content, Alkalinity, C.O.D is determined for every 10 days in all the four cases.   

The carbon, Nitrogen, Hydrogen and Sulphur values of all the four cases were given in the 

table 1. 

Table 1 : Carbon, Nitrogen, Hydrogen, Sulphur percentages 

Sample Day Carbon (%) Nitrogen (%) Hydrogen (%) Sulphur (%) 

Case (i) 1 24.78 1.82 3.28 0.018 

30 27.78 0.97 3.78 0.073 

60 22.32 0.15 2.52 0.00 

Case (ii) 1 15.56 0.00 0.634 0.00 

30 27.62 0.78 3.73 0.00 

60 25.72 0.59 3.13 0.00 

Case (iii) 1 25.32 2.37 3.65 0.23 

 30 25.67 1.38 3.32 0.34 

60 25.78 0.47 3.51 0.07 

Case (iv) 1 34.65 1.47 5.05 0.00 

30 28.95 1.24 4.37 0.14 

60 27.63 1.36 4.11 0.08 

 

Volatile Fatty acids of the slurry are determined by HPLC in all the four cases for 

every 20 days and the values are shown in the table 2. 

 

YMER || ISSN : 0044-0477

VOLUME 22 : ISSUE 01 (Jan) - 2023

http://ymerdigital.com

Page No:915



Table 2 : VFA readings using HPLC  

Day Case (i) 

 (mg/lit) 

Case (ii)  

(mg/lit) 

Case (iii) 

(mg/lit) 

Case (iv) 

(mg/lit) 

1 44,800 46,700 46,700 7814 

20 43,765 60,158 46,733 4,503 

40 42,771 55,828 40,883 3,600 

60 14,736 1,931 3,365 2,740 

 

3.2 Gas analysis 

Biogas produced daily is collected by using water displacement method and its 

quantity is measured daily. Its composition is determined by using GC and it has observed the 

presence of 60% percentage of methane. The amount of biogas produced is tabulated and is 

shown below.  

Table 3: The quantity of Biogas produced in all the four cases: 

 Day  Case (i) 

          (ml) 

Case (ii) 

(ml) 

Case (iii) 

(ml) 

Case (iv)  

(ml) 

 

1-60 2,725 5,547 5,733 1,305 

From the table 3, we can say that in case (iii), the co-digestion of poultry litter (having 

low C/N ratio of 17:1) with cow dung (having optimum C/N ratio of 24:1) in 3:1 ratio is having 

more syntrophic effect and it is completely biodegraded by the microorganisms and has 

produced more biogas than the rest of the three cases. It is followed by case (ii) and case (i). In 

case (iv), the presence of only cow dung (C/N ratio of 24:1) is having more methanogenic 

activity and it has produced biogas less than above three cases. The physico-chemical 

properties such as pH, Total solids, volatile solids and C/ N ratio are known to favour biogas 

production. The amount of carbon and nitrogen nutrient source affects the growth of 

microorganisms and the biogas production. It has observed that the quantity of biogas 

production is maximum in case (iii) i.e., 5,733 ml from all the four cases and next it is observed 

in case (ii) (5,547 ml) and then by case (i) (2,725 ml) and followed by case (iv) (1,305 ml).  

In case (iii), the initial anaerobic process has produced highest biogas of 1445 ml, 1300 

ml and 1150 ml on 1st, 2nd and 3rd day respectively and followed by 14 days of inactivity before 

a sudden burst of 50ml on 5th day. The inactivity is probably due to the methanogens 

undergoing a metamorphic growth process. It is generally agreed that at the initial stages of the 

overall process of biogas production, acid forming bacteria produce volatile fatty acids (VFA) 

resulting in declining pH and diminishing growth of methanogenic bacteria. The low pH value 

inactivated microorganisms responsible for biogas production. Therefore, there is a drop in gas 

production after the 30th day, after which no appreciable production of biogas occurred which 

is followed by dome production of gas from 50th to 58thday. Cumulative Gas production with 

variation in C/N ratio in case (iii) is shown in figure 2. 
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Figure 2 : Cumulative gas production with variation of C/N ratio in case (iii). 

3. Conclusions 

The importance of Anaerobic co-digestion in improving biogas yield is better shown from this 

experiment. More the ratio of poultry litter more the biogas production, which can be seen in 

case (iii). 

References 

1. APHA- AWWA- WPCF, 1998. Standard Methods for the Examination of Water and 

Wastewater.  American  Public Health  Association, Washington, DC. 

2. P. Panichnumsin, A. Nopharatana, B. Ahring, and P. Chaiprasert, (2012). Enhanced 

Biomethanation in Co-Digestion of Cassava Pulp and Pig Manure Using A Two-Phase 

Anaerobic System. 

3. Gangagni Rao, A., SasiKanth Reddy, T., SuyaPrakash, S., Vanajakshi, J., Joseph, Johny,Jetty, 

Annapurna, Rajashekara Reddy, A., Sarma, P.N., 2008a. Biomethanationof poultry litter 

leachate in UASB reactor coupled with ammonia stripper for enhancement of overall 

performance. Bioresour. Technol. 99 (18), 8679–8684. 

4. Gangagni Rao, A., S. Surya Prakash, Annapurna Jetty, A. Rajashekhara Reddy, P.N. 

Sarma., 2008b. Self mixed anaerobic digester. WIPO Patent Application WO/ 

2008/026221.http://www.sumobrain.com/patents/wipo/Self-mixinganaerobic- 

digester-useful/WO2008026221.html>, 2013. 

5. Gangagni Rao, A., Surya Prakash, S., Joseph, Johny, Rajashekhara Reddy, A., Sarma, 

P.N., 2011. Multi stage high rate biomethanation of poultry litter with self 

mixed anaerobic digester. Bioresour. Technol. 102 (2), 729–735. 

6. Kelleher, B.P., Leahy, J.J., Henihan, A.M., O’Dwyer, T.F., Sutton, D., Leahy, M.J., 

2002.Advances in poultry litter disposal technology – a review. Bioresour. Technol. 

83, 27–36. 

7. Peter Ciborowski., 2001. Anaerobic digestion of livestock manure for pollution 

control and energy production: a feasibility assessment. Minnesota Pollution 

Control Agency.http://www.pca.state.mn.us/publications/p-gen4-02.pdf>, 

2013. 

8. Salminen, E.A., Rintala, J.A., 2002a. Anaerobic digestion of organic solid poultry 

slaughter waste – a review. Bioresour. Technol. 83, 13–26. 

YMER || ISSN : 0044-0477

VOLUME 22 : ISSUE 01 (Jan) - 2023

http://ymerdigital.com

Page No:917


