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Abstract 
The Anaerobic digestion of Corn Stalk (CS) with Cow Dung (CD) and Poul-
try Droppings (PD) was investigated. Batch mono-digestion and Co-digestion 
experiments were performed with initial total solid loading of 37.5%. The 
main objective of this work was to investigate the biogas yield at different CS 
to CD ratios and CS to PD ratios. Results show that the highest Cumulative 
Gas Yield (CGY) of 6833 mL/g of biomass was achieved in 21 days for CS-CD 
ratio of 2:1. Similarly high CGY of 6107 mL/g, 6100 mL/g and 5333 mL/g 
were obtained for CS-PD ratio of 2:1, CS-CD ratio of 1:1 and CS-PD ratio of 
1:1 respectively. It is concluded that co-digestion of Cow dung or poultry 
droppings is beneficial for improving bio-digestibility and Biogas yield from 
corn stalk. The results of this work provide useful information to improve the 
efficiency of co-digestion of CS with CD and PD under anaerobic conditions. 
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1. Introduction 

Over the last few years, the quest to diversify Nigeria’s economy from crude oil 
dependency has led to a massive increase in Agricultural activities across Nigeria 
both in Animal (poultry, cattle, piggery, etc.) and plant production (corn, cassa-
va, rice) amongst others. The U.S. Department of Agriculture’s Foreign Agri-
cultural Service reports that Nigeria is Africa’s biggest corn producer after South 
Africa, with the 2017-2018 output estimated at 12 million tons. Corn is grown all 
over the country from the semi-arid north to the rain forests of the south [1]. 
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This increased production has led to a massive production of agricultural resi-
dues like stover (corn stalks, corn cob, animal manure and other biomass 
wastes). Corn stalk, husks, leavesmakes up of 20% - 40% of the plant and like 
various other kinds of stover can be used as feed, whether grazed as forage, 
chopped as silage to be used later for fodder, or collected for direct (nonensi-
laged) fodder use however much of the stover left on farm lands after harvest is 
usually burnt leading to environmental pollution [2] [3]. This study will explore 
the potential of utilizing corn straw and animal waste for the production of bio-
gas. Biogas is clean and renewable energy that may be substituted for natural gas. 
Organic waste is put into a sealed tank called a digester (or bioreactor) and agi-
tated. In the absence of oxygen, the anaerobic bacterial consume the organic mat-
ter to multiply and produce biogas. Biogas is typically composed of 60% methane 
(CH4) and 40% Carbon IV oxide (CO2) and some trace amount of water vapour, 
Ammonia and Hydrogen sulphide. Biogas can be used as cooking gas and natural 
gas for electricity especially in rural off-grid communities or in agricultural farms 
and settlements. Further use of biogas can save the environment from further de-
terioration and also supplement the energy needs of the rural populace. A strategy 
incorporating local resources and new technology as biogas technology can be ef-
fectively utilized [4]. More so, with the declining quantity of fossil fuels it is critical 
today to focus on sustained economic use of existing limited resources and on 
identifying new technologies and renewable resources, e.g., biomass, for future 
energy supply [5]. Global experience has shown that biogas technology is a simple 
and readily usable technology that does not require overly complicated capacity to 
construct and manage [6]. 

The conversion of animal and human waste (Faeces, chicken, piggery and 
other animal waste) to biogas is the most widely practiced process utilized 
worldwide however in recent times, the co-digestion of biomass, that is the 
combined use of crop residues, municipal waste, food waste and animal waste 
have gained considerable attention.  

Research has shown that co-digestion of different solid wastes is an attractive 
approach for improving the efficiency of anaerobic digestion. It is believed that 
this process can utilize nutrients and bacterial diversities in various wastes to op-
timize the digestion process [7] [8] [9]. 

The benefits of co-digestion include the following; the dilution of the toxic 
compounds, stimulating synergistic effects of microorganisms and improved gas 
yield. Studies show that crop-residues are characterized by low pH substrate it-
self, and the accumulation of high volatile fatty acid (VFA) in digestion process 
[10] [11]. Co-digestion of manures and other substrates overcomes those chal-
lenges by maintaining a stable pH within the methanogenesis range due to their 
inherent high buffering capacity. Furthermore, crop materials have high carbon 
content and this can improve the C/N ratio of the feedstock [12] [13]. 

The paper will study the co-digestion of corn stalks with cow dung and poul-
try droppings. It will investigate anaerobic digestibility of different mixtures of 
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corn stalks, poultry droppings and cow dung with a view of comparing the daily 
gas yields (DGY) and cumulative gas yields (CGY) per gram of biomass used. It 
will also study the effect of pH and temperature on the process. The goal of this 
work is to utilize the abundant plant waste (corn stalks) and animal waste (cow 
dung and poultry droppings) in Nigeria to provide an alternative source of 
energy and other value-added products in marginalized communities.  

2. Materials and Method 

Poultry Droppings (PD) and Cow Dung (CD) were collected from local farms 
located in Makurdi Benue State Nigeria while Corn Stalks (CS) was collected 
from a farm in Naka Gwer West Local Government of Benue State. The Corn 
Stalks were air-dried and cut into smaller pieces of 2 - 3 cm. They were then 
pounded with a mortar and pestle to reduce the particle size. The drum type di-
gester system was designed and fabricated locally (Figure 1). It was divided into 
three main parts, the inlet chamber, the body and the outlet chamber and had 
the capacity of approximately 30 litres. The container was painted black to 
maintain the required temperature. 
 

 
Figure 1. Experimental set up with 30 L bio-digester. 
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A thermometer was inserted through a drilled hole at the top of the drum for 
measuring the temperature. Plastic hose was connected from the drum to the 
inverted measuring cylinder containing water so as to measure the volume of 
displaced water as the volume of gas produced. The measuring cylinder inverted 
with water was the main volume measurement of gas through a process called 
upward delivery and downward displacement. Four drum type digesters were 
used for this process. Varying weights of corn stalks, cow dung and poultry 
droppings (2.5 kg, 5 kg and 7.5 kg) were measured and mixed with in varying 
ratios with a total weight of 7.5 kg for each experiment. 20 litres of water was 
then added to the biomass. The total weight of feed stock per drum was 27.5 kg 
with a headspace of 2.5 kg. Mono-digestions of 7.5 kg of poultry droppings (PD) 
and cow dung (CD) were used as controls. 6 different mixtures of corn stalks 
(CS), cow dung and poultry droppings (PD) were used for the experiments. 
These include corn CS-CD 2:1 (Corn Stalks 5 kg, Cow Dung 2.5 kg, Water 20 L), 
CS-CD 1:1 (Corn Stalks 3.75 kg, Cow Dung 3.75 kg, Water 20 L), CS-CD 1:2 
(Corn Stalks 2.5 kg, Cow dung 5 kg, Water 20 L), CS-PD 2:1 (Corn Stalks 5 kg, 
Poultry Droppings 2.5 kg, Water 20 L), CS-PD 1:1 (Corn Stalks 3.75 kg, Poultry 
Droppings 3.75 kg, Water 20 L) and CS-PD 1:2 (Corn Stalks 2.5 kg, Poultry 
Droppings 5 kg, Water 20 L). The substrate was thoroughly mixed and stirred in 
the digesters. Each digester was manually mixed once a day to avoid stratifica-
tion. The input slot was closed well with wax and hose clips to prevent leakage. 
The daily biogas production was recorded as Daily Gas Yields (DGY) by mea-
surement of displaced water both in the mornings and afternoons. This is done 
by noting the quantity of water displaced from the gas collected in the measuring 
cylinder. The ambient temperature, digester temperatures and pH were meas-
ured at least twice a day both in the mornings and afternoons. Final Biogas 
yields were given as cumulative Gas Yields (CGY). These batch experiments 
were carried out in triplicates and the mean DGY and CGY calculated. Results in 
the figures are expressed with standard deviations. 

The biogas produced was determined by noting the quantity of water dis-
placed from the gas collector into the graduated container.  

3. Results and Discussion 

It can be observed that Figure 2 shows the Cumulative Gas Yield CGY from 
the co-digestion of poultry droppings (PD) and corn stalks at different ratios 
while Figure 3 shows the daily Biogas Yield (DGY) from these reactions. It can 
be observed that the highest CGY was obtained for the reaction with CS-PD 
2:1 which a 45,800 mL of biogas has obtained in 20 days. This was followed by 
CS-PD 1:1 with a yield of 40,000 mL. When a higher percentage of poultry drop-
pings were used, the volume of gas produced was reduced to 36,750 mL of Bio-
gas. The lowest yield obtained was 19,200 mL of gas where 7.5 g of poultry drop-
pings were used. Figure 3 compares the average daily gas produced from the ex-
periments. All experiments show a gradual increase in biogas from Day 1 until  
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Figure 2. Progress curve showing the Cumulative Gas Yield (CGY) for the co-digestion 
of Corn Stalk (CS) with Poultry Droppings (PD) at different mixing ratios with a reten-
tion time of 24 days. 
 

 
Figure 3. Progress curve showing the Daily Gas Yield (DGY) for the co-digestion of Corn 
Stalk (CS) with Poultry Droppings (PD) at different mixing ratios with a retention time of 
24 days. 
 
a maximum Daily Gas Yield (DGY) is reached between Day 8 and 11 after which 
it can be observed that the daily gas yield reduced gradually until around the 
20th day. The maximum DGY for PD only was achieved between Day 8 and 9 
however co-digestion of CS-PD at different ratios had maximum DGY at days 10 
and 11. This might be as a result of the more obvious difficulty in breaking down 
the cellulose component of CS by microbes [14].  

Similarly, Figure 4 and Figure 5 also show the CGY and DGY for the anae-
robic co-digestion of Corn Stalk (CS) and Cow Dung (CD). The highest CGY 
was obtained when the CS is higher in the mixture with CD. A CGY of 51,250 
mL and 45,750 mL was obtained at CS-CD 2:1 and CS-CD 1:1 mixtures re-
spectively. This is significantly higher than the gas yields obtained from the 
mixture that contains a higher quantity of CD. CS-CD 1:2 has a CGY of 39,250  
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Figure 4. Progress curve showing the Cumulative Gas Yield (CGY) for the co-digestion 
of Corn Stalk (CS) and Cow Dung (CD) at different mixing ratios with a retention time of 
24 days. 
 

 
Figure 5. Progress curve showing the Daily Gas Yield (DGY) for the co-digestion of Corn 
Stalk (CS) and Cow Dung (CD) at different mixing ratios with a retention time of 24 
days. 
 
mL while the experiment carried out with just CD shows the lowest CGY of 
30,750 mL. Figure 5 shows that while maximum DGY for CD was obtained at 
Day 8 however all experiments with CS had maximum DGY on Days 9 - 11. 
When CS is co-digested with CD in a ratio of 1:2, maximum DGY is obtained at 
Day 10 however CS-CD at other ratios (CS-CD 1:1 and CS-CD 1:2) have maxi-
mum DGY on Day 11. This can be attributed to the cellulose and hemicellulose 
content of corn stalks. The recalcitrance of cellulose to microbes makes the 
breakdown more difficult [14]. 

Figure 6 compares the production of biogas from both CD and PD mixed 
with CS and it can clearly be seen that more gas is produced from the 
co-digestion of CS and CD than from the Co-digestion of PD and CS. The lowest 
Biogas yield per total solids obtained was recorded with poultry dung at 2560 
mL/g and this was closely followed by CD with a yield of 4100 mL/g. CS-CD ra-
tio of 1:2 showed the highest yield of 6833 mL/g of Biogas. These results agree  
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Figure 6. Comparison of Biogas Yield from the co-digestion of Corn Stalk (CS) with 
Poultry Droppings (PD), Cow Dung (CD) at different mixing ratios. 
 
with several papers that report that CD produces higher yields of biogas when 
compared to PD. The more favourable C/N ratio reported for CD is believed to 
be responsible for this observation [15] [16].  

Table 1 shows changes in the pH as the experiments progressed. The ambient 
temperature and slurry temperatures were monitored. The results show that the 
pH values did not differ significantly and had fluctuations during the experi-
ment. Initial pH shows a range of 7.35 to 5.81 at the end of digestion which is 
appropriate for methane fermentation reported to be in the range of 6.6 to 7.6 
[17]. The reduction in pH is attributed to the acidification process of breaking 
down the organic matter and producing volatile fatty acid. As a result, the gen-
eral acidity of the digesting material will increase and the pH will fall below neu-
tral [18]. The results did not show any significant difference in the pH of 
co-digestions of either CD or PD. Figure 7 also shows changes in temperatures 
as the reactions progressed. Ambient and slurry temperature were the same be-
tween Day 1 and Day 3 however the digester temperature exhibited changes as 
from Day 4. It was also observed that the digester temperature was significantly 
different in the mornings from those recorded in the afternoon (11 am - 5 pm) 
(P ≤ 0.05). Increased temperature in the afternoon was found to favour the 
higher yields of biogas. This agrees with reports that digestion at high tempera-
ture range supports higher rates of biological degradation and biogas production 
[19]. 

The temperature changes observed as shown in Figure 7 above suggest that 
there is a marginal difference between ambient temperature and digester tem-
perature in the mornings however varied temperatures were observed in the af-
ternoons. The difference between the ambient temperature and the average di-
gester temperature for co-digestions of CS and CD or CS and PD were higher 
and more pronounced when compared to mono-digestion by PD or CD. The 
temperature difference for the co-digested process might have had a strong in-
fluence on the higher biogas yield observed. In general, the temperature in the  
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Table 1. pH measurement from the co-digestion of Corn Stalk (CS) with Poultry Droppings (PD), Cow Dung (CD) at different 
mixing ratios. 

 CS-PD 1:2 CS-PD 1:1 CS-PD 2:1 PD-Control CS-CD 1:2 CS-CD 1:1 CS-CD 2:1 CD-Control 

Average pH at start 7.23 7.34 7.35 7.35 7.21 7.21 7.24 7.18 

Average pH on Day 10 6.31 6.51 6.32 6.01 6.30 6.11 6.21 5.98 

Average pH on Day 24 5.84 6.49 5.94 5.84 6.11 5.94 5.81 5.81 

 

 
Figure 7. Measurement of Temperature from the co-digestion of Corn Stalk (CS) with 
Poultry Droppings (PD), Cow Dung (CD) at different mixing ratios. Note: *Initial am-
bient temperature in the mornings and average ambient temperature between 11 am and 
5 pm is 35˚C ± 2˚C. Initial average digester temperature was ambient temperature. 
 
treatments is suitable for the development of thermophilic condition 20˚C to 
40˚C and close to the optimal range for development of methaneno genes condi-
tion 30˚C to 35˚C [5] [20]. 

4. Conclusion 

This paper shows that CS provides suitable raw material for biogas production 
when it is co-digested with either CD or PD. Combining CS-CD in a ratio of 
1:2 gave the highest volumetric biogas yield. The Co-digestion of CS-PD also 
gave high biogas yields. The study also showed increased biogas is produced at 
higher temperature especially during the afternoon. It can be concluded that 
mono-digestion by either poultry droppings or cow dung produced lower biogas 
yields when compared to co-digestion with poultry droppings and cow dung. 
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