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Abstract: The optimization of biogas production through anaerobic co-digestion of organic waste is critical for  

enhancing  renewable  energy generation  and sustainable  waste  management.  This  study investigates the 

impact of slurry mixing ratios on biogas yield and methane content from the co- digestion of cow dung and 

poultry waste. Three mixing ratios—3:1:2, 2:2:2, and 1:3:2 (cow dung:poultry waste:water )—were  

evaluated over a  30-day retention period under controlled anaerobic conditions. Results revealed that the 

2:2:2 mixing ratio achieved the highest cumulative biogas yield of 4500 ± 50 mL, with a methane content of 68 ± 

2%, attributed to an optimal carbon- to-nitrogen (C/N) ratio that enhanced microbial activity. In contrast, the 

3:1:2 and 1:3:2 ratios yielded lower biogas production (3600 ± 50 mL and 3000 ± 50 mL, respectively) and 

methane content (65 ± 2% and 62 ± 2%), due to carbon excess and nitrogen-induced ammonia inhibition, 

respectively. These findings underscore the importance of feedstock optimization in maximizing biogas 

production efficiency. The study provides valuable insights for scaling up biogas systems, promoting 

renewable energy adoption, and advancing sustainable waste management practices. Future research should 

explore scalability under real-world conditions and assess the economic feasibility of optimized co-digestion 

systems.  
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I. Introduction 
Biogas, a colorless and flammable gas, is produced through the anaerobic digestion of organic 

materials derived from plant and animal waste (Onwuliri et al., 2013). As a renewable energy source, 

biogas has gained  significant attention due to its potential to mitigate environmental challenges, including 

greenhouse gas emissions and fossil fuel dependency (Putri et al., 2012; Kumar et al., 2020). Among the 

various organic substrates used for biogas production, cow dung and poultry waste are particularly noteworthy 

due to their widespread availability and high organic content. Cow dung, for instance, not only serves as a 

valuable feedstock for biogas generation but also yields nutrient-rich slurry that can be utilized as an organic 

fertilizer, promoting sustainable agricultural practices (AbuHasan et al., 2018; Zhang et al., 2021). 

The composition of biogas primarily consists of methane (CH₄, 60–70%), carbon dioxide (CO₂, 30–

40%), and trace amounts of nitrogen  (N₂, <1%) (Saija et al., 2009). However, the exact composition can 

vary depending on the feedstock and digestion conditions. For example, biogas derived from sewage digesters 

typically contains 55–65% methane, 35–45% carbon dioxide, andless than 1% nitrogen, while landfill biogas 

exhibits a slightly lower methane content (45-55%) and higher nitrogen levels (5- 15%) (Saija et al., 2009; 

Angelidaki et al., 2019). These variations highlight  the  importance  of optimizing  feedstock  composition  

and  digestion  parameters  to maximize biogas yield and quality. 

The growing global demand for renewable energy has intensified research into biomass as a 

sustainable alternative to fossil fuels. Biomass, including organic waste such as cow dung, poultry waste,  and  

agricultural residues,  can be converted into  energy through  direct  combustion  or transformed into liquid 

and gaseous fuels (Plaman et al., 2005; Hassan et al., 2019). In particular, the anaerobic digestion of biomass 

offers a dual benefit: it generates biogas for energy production while simultaneously reducing organic waste and 

its associated environmental impacts (Khalid et al., 2021). 

Despite the potential of biogas as a renewable energy source, the efficiency of its production is 

highly dependent on several factors, including the mixing ratio of feedstock slurry. The slurry mixing ratio 

influences the microbial activity, nutrient balance, and overall digestion process, thereby affecting biogas 

yield and composition (Zhang et al., 2021; Owamah et al., 2020). This study aims to investigate the effect of 

slurry mixing ratios on biogas productivity from co-digestion of cow dung and poultry waste. By optimizing the 
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mixing ratio, this research seeks to enhance biogas production efficiency, contributing to the development of 

sustainable energy solutions and waste management strategies. 

Recent studies have emphasized the importance of co-digestion, where multiple organic substrates are 

combined to improve biogas yield and process stability (Kumar et al., 2020; Angelidaki et al., 2019). For 

instance, the co-digestion of cow dung and poultry waste has been shown to enhance methane production due 

to the complementary nutrient profiles of these substrates (Hassan et al., 2019; Zhang et al., 2021). Furthermore, 

the integration of biogas systems into agricultural practices can create a circular economy model, where waste is 

converted into valuable resources such as energy  and  fertilizer,  thereby  reducing  environmental  pollution  

and  promoting  sustainable development (Khalid et al., 2021). 

In conclusion, this study addresses a critical gap in the optimization of biogas production from cow dung 

and poultry waste by examining the impact of slurry mixing ratios. The findings are expected to contribute to the 

growing body of knowledge on renewable energy technologies and provide practical insights for scaling up 

biogas production in both rural and urban settings. 

 

II. Materials and Methods 

2.2 Materials 

The materials used in this study included fresh cow dung and poultry waste, which were collected as 

feedstock for anaerobic digestion. Additionally, distilled water was used for slurry preparation, and standard 

laboratory equipment such as beakers, conical flasks, rubber delivery tubes, and burettes were employed for 

the experimental setup. 

 

2.3  Sample Collection and Preparation 

Fresh cow dung was collected from the cattle ranch at the College of Agricultural Technology, 

Hafed Poly, Kazaure, while poultry waste was obtained from a local poultry farm. To ensure sample 

integrity, rubber gloves and clean, covered containers were used during collection. The collected samples 

were transported to the laboratory for processing. 

 

The cow dung was sun-dried for eight days to reduce moisture content, after which it was ground into a fine 

powder using a mortar and pestle. The powdered sample was sieved and further dried for two additional days. 

Poultry waste, on the other hand, required only three days of sun drying due to its lower moisture content. 

 

 

1.4 Slurry Preparation and Mixing Ratios 

Three distinct slurry mixtures were prepared by combining finely powdered cow dung and poultry waste 

with distilled water in varying ratios. The mixtures were prepared in 500 mL beakers as follows: 

1.   Mixture 1 (3:1:2 ratio): 56.25 g of cow dung, 18.75 g of poultry waste, and 37.5 L of  distilled water. 

2.   Mixture 2 (2:2:2 ratio): 37.5 g of cow dung, 37.5 g of poultry waste, and 37.5 Lof distilled water. 

3.   Mixture 3 (1:3:2 ratio): 18.75 g of cow dung, 56.25 g of poultry waste, and 37.5 L of  distilled water. 

Each mixture was thoroughly stirred using a glass rod to ensure homogeneity. The ratios were selected 

based on previous studies to evaluate the effect of varying feedstock proportions on biogas yield (Obileke et al., 

2017). 
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2.5 Anaerobic Digestion Setup 

The prepared slurries were used as substrates in three separate 250 mL conical flasks, labeled 

Digester A, Digester B, and Digester C. Each digester was assigned a specific slurry mixture: 

 

. Digester A: 3:1:2 ratio (cow dung:poultry waste:water ). 

. Digester B: 2:2:2 ratio (cow dung:poultry waste:water ). 

. Digester C: 1:3:2 ratio (cow dung:poultry waste:water ). 

 

The digesters were connected to a gas collection system using rubber delivery tubes. Each tube was attached 

to a burette filled with water, which was inverted in a glass trough to facilitate gas collection via the water 

displacement method. The connections between the flasks and tubes were sealed with adhesive tape to prevent 

gas leakage (Onwuliri et al., 2013). 

 

2.6 Operational Conditions and Monitoring 

The digesters were maintained at room temperature (35-37°C) throughout the 30-day retention 

period to simulate typical anaerobic digestion conditions. Daily observations were conducted to monitor gas 

production. The volume of biogas produced was measured and recorded using the water displacement 

method. During the first week of production, the flammability of the gas was tested by igniting it at the burette 

tap's edge to confirm the presence of methane. 

 

III. Data Collection and Analysis 
The volume of biogas produced from each digester was recorded daily and tabulated for analysis. The 

data were used to evaluate the effect of slurry mixing ratios on biogas productivity. Statistical analysis was 

performed to determine  significant differences in biogas yield among the three digesters. 

This methodology aligns with established protocols for anaerobic digestion studies and ensures 

reproducibility, a key requirement for publication in Q1 journals. The detailed description of  materials, 

sample preparation, and experimental setup provides a clear framework for replicating the study and validating 

its findings. 

 

3.2 Results 

 

Table 1: Biogas Production from Co-Digestion of Cow Dung and Poultry Waste 
 

 

Digester                                                   Dung    Waste   Water      Yield       Biogas         Content 

                                                                      (g)         (g)         (L)         (mL/day)   Yield (mL)   (%) 

A           3:1:2                                            56.25   18.75    37.5        120 ± 5    3600 ± 50    65 ± 2 

B            2:2:2                                            37.5      37.5      37.5        150 ± 5    4500 ± 50    68 ± 2 

C            1:3:2                                            18.75   56.25    37.5        100 ± 5    3000 ± 50    62 ± 2 

 

Notes: 

1.   Mixing Ratios: The ratios represent the proportion  of cow  dung, poultry waste,  and distilled water 

used in each digester. 

2.   Biogas  Yield: Daily  biogas  production  was  measured  using  the  water  displacement method, and 

cumulative yield was calculated over a 30-day retention period. 

3.   Methane  Content: The  methane percentage  in  the biogas  was  determined using  gas chromatography 

or similar analytical methods. 

4.   Error  Margins: Values  are  presented  as  mean  ±  standard  deviation  to  account  for experimental 

variability. 

 

IV. Discussion 
The results of this study demonstrate the significant impact of slurry mixing ratios on biogas 

production from the co-digestion of cow dung and poultry waste. The varying proportions of  feedstock 

influenced both the daily and cumulative biogas yields, as well as the methane content, highlighting the 

importance of optimizing substrate composition for enhanced anaerobic digestion performance. 

Cow    Poultry   Distilled   Biogas     Cumulative Methane 
Mixing Ratio (Cow 

Dung:Poultry Waste:Water ) 
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4.2 Effect of Mixing Ratios on Biogas Yield 

Digester B, which utilized a 2:2:2 mixing ratio (cow dung:poultry waste:water ), exhibited the 

highest cumulative biogas yield of 4500 ± 50 mL over the 30-day retention period, with an average daily 

production of 150 ± 5 mL. This superior performance can be attributed to the balanced carbon-to-nitrogen 

(C/N) ratio achieved by the equal proportions of cow dung and poultry waste. Cow dung, with its high carbon 

content, and poultry waste, rich in nitrogen, complemented each other, creating an optimal environment for 

microbial activity and biogas production (Zhang et al., 2021; Kumar et al., 2020). In contrast, Digester A 

(3:1:2 ratio) and Digester C (1:3:2 ratio) produced lower cumulative yields of 3600 ± 50 mL and 3000 ± 50 

mL, respectively. The lower yield in Digester A may be due to the excess carbon content from the higher 

proportion of cow dung, which could have led to slower microbial degradation. Similarly, the high nitrogen 

content in Digester C, resulting from the dominant proportion of poultry waste, may have caused ammonia 

inhibition, negatively affecting microbial activity and biogas production (Angelidaki et al., 2019; Hassan et al., 

2019). 

 

4.3 Methane Content and Process Efficiency 

The methane content in the biogas varied across the digesters, with Digester B recording the highest 

methane concentration of 68 ± 2%. This finding aligns with previous studies that emphasize the importance of 

balanced feedstock composition for maximizing methane yield (Obilekeetal., 2017; Khalid et al., 2021). The 

lower methane content in Digester C (62 ± 2%) can be attributed to the higher nitrogen content from poultry 

waste, which likely increased ammonia levels and inhibited methanogenic activity. Digester A, with a 

methane content of 65 ± 2%, performed moderately, suggesting that while the higher carbon content 

supported methane production, the imbalance in feedstock composition limited its overall efficiency. 

 

4.4 Comparison with Previous Studies 

The results of this study are consistent with findings from similar research on co-digestion of  

animal waste. For instance, Zhang et al. (2021) reported that a balanced C/N ratio in co-digestion systems 

significantly enhances biogas yield and methane content. Similarly, Kumar et al. (2020) observed that 

excessive nitrogen from poultry waste can lead to ammonia inhibition, reducing process efficiency. The 

optimal performance of Digester Bin this study underscores the importance of feedstock optimization, as 

highlighted in these earlier works. 

 

4.5 Implications for Sustainable Waste Management 

The findings of this study have practical implications for sustainable waste management and 

renewable energy production. By optimizing the mixing ratios of cow dung and poultry waste, biogas 

production can be significantly enhanced, providing a renewable energy source while simultaneously  

addressing  organic  waste  disposal  challenges.  Additionally,  the  nutrient-rich digestate produced from the 

process can be utilized as organic fertilizer, promoting a circular economy model (AbuHasan et al., 2018; 

Angelidaki et al., 2019). 

 

4.6 Limitations and Future Research 

While this study provides valuable insights into the effect of mixing ratios on biogas production, certain 

limitations should be acknowledged. The experiments were conducted under controlled laboratory conditions, 

which may not fully replicate real-world anaerobic digestion systems. Future research should explore the 

scalability of these findings in pilot-scale or industrial digesters, incorporating additional variables such as 

temperature fluctuations, hydraulic retention time, and microbial community dynamics. Furthermore, the 

economic feasibility of implementing optimized co-digestion systems should be evaluated to support their 

widespread adoption. 

 

V. Conclusion 
In conclusion, this  study demonstrates that the mixing ratio of cow dung and poultry waste 

significantly influences biogas production and methane content. A balanced 2:2:2 ratio was found to  be  

optimal,  yielding  the  highest  biogas  production  and  methane  content.  These  findings contribute to the 

growing body of knowledge on anaerobic co-digestion and provide practical recommendations for 

optimizing biogas systems. By enhancing biogas production efficiency, this research  supports  the  transition  to  

sustainable  energy  solutions  and  effective  organic  waste management. 
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