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Abstract 

The objective of the study was to find out the effect of beef cattle and horse feces mixtures on 
biogas energy content and sludge quality. This experimental study was based on Completely 
Randomized Design with three C/N ratio treatments, i.e. P1 = 25, P2 = 30 and P3 = 35. The 
treatments represent the mixtures of beef cattle and horse feces. The effect of the treatments was 
analyzed by ANOVA, and Duncan’s Multiple Range Test analyzed the different effects among 
treatments. The results show that the beef cattle and horse feces mixtures significantly (P<0.05) 
increase biogas energy content.  The C/N ratio of 35 provides the highest biogas energy content 
(147.6667 KJ). Furthermore, significantly (P<0.05) produces the highest sludge product (10.1533 
kg) as well as the highest content of N (0.48%), P (0.44%) and K (0.32%). 
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INTRODUCTION1 

Organic substances of beef cattle and 
horse carry high amount of potential energy 
that can be converted into kinetic energy by 
microorganism’s activities. Therefore, feces 
can be used as energy sources. The possible 
way to get the energy is convert the organic 
substances of feces into biogas.  

Generally, biogas contains 65-75% CH4, 
25-30% CO2, 1% N, 1% H2, 1% H2S, and 1% 
O2. Methane (CH4) contains more energy than 
other gasses. Therefore, the energy content of 
biogas is depending on the concentration of 
CH4 [9]. The more methane generated the 
higher energy content of biogas.   

Methane production was mainly influenced 
by microorganism’s activities. Therefore, the 
success of methane production depends on 
factors that promote the activities of 
microorganisms such as C/N ratio, water 
content, temperature, pH, and anaerobicity. 
Among those influencing factors, C/N ratio is 
the most important one due to its function as an 
indicator of nutrient availability. An appropriate 
C/N ratio may support the activities of 
microorganisms, which give the best biogas and 
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sludge production. The C/N ratios of biogas 
production vary between 30 and 50 [7].  

However, there are some parts of organic 
compounds remain unconverted and settle at 
the bottom of digester. This substance, which 
is known as sludge, contains some elements 
that high potential value as fertilizer. This 
organic fertilizer must has minimum content 
of nitrogen (N) 0.40%, phosphorus (P2O5) 
0.1%, and potassium (K2O) 0.20% [8]. 

Beef cattle feces have a lower C/N ratio 
than horse feces. Therefore, mixing of those 
two feces, will resulting in C/N ratio that 
meet the requirement for methane generation. 
However, since there is no information 
available about the proper mixture of both 
feces, study about the effect of beef cattle and 
horse feces mixture on biogas and sludge 
production is important in developing biogas 
production from animal feces. 
 
MATERIAL AND METHODS 

The study was carried out at the 
Laboratory of Microbiology and Waste 
Management, Faculty of Animal Husbandry 
University Padjadjaran, Bandung, Indonesia. 
The experiment based on Completely 
Randomized Design with three treatments. 
Three different mixtures of beef cattle feces 
and horse feces represent the treatments.  
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Table 1 Mixtures of beef cattle and horse feces 
and its C/N ratios 

 

Treatment 
Cattle 

feces (Kg)
Horse feces 

(kg) 
C/N ratio 

P1 7 18 25 

P2 4 20.5 30 

P3 2.3 22 35 

 
Those treatments were performing in six 

replicates. After the mixtures placed in the 
digesters, mixed with water, viz. 33 kg, 33.5 
kg and 33.7 kg respectively, until the 
substrates water content became 90% (or 
10% of dry matter content). Each substrate 
was incubated for 30 days. Variables 
observed in this study were energy content of 
biogas and quality of sludge. Energy content 
(calorific value) of biogas was calculated by 
mean of the following formula [14].  
                         

                    Q = mc x ∆t.  
 

With Q = heat energy (KJ), m = mass (gram), 
c = calorie (Joule/gram.0C), and ∆t = 
temperature different (0C).   
 

The quality of sludge is represented by 
the content of nitrogen (N), phosphorus 
(P2O5), and potassium (K2O). The obtained 
data were analyzed using Analysis of 
Variance to determine the effect of the 
treatment, and then continued with Duncan’s 
Multiple Range Test to observe the different 
effect among treatments. 
 
RESULTS AND DISCUSSIONS 
1. Effect of the treatments on Biogas 

Production 
The energy contents of produced biogas 

are presented on Table 2. Data on the table 
confirm that P1 resulting in the lowest energy 
content of the produced biogas (90.667 KJ), 
followed by P2 (126.167 KJ), and P3 
(147.667 KJ). The result of Analysis of 
Variance informed that the energy content of 
biogas significantly (P<0.05) increases along 
with the increase of C/N ratio. The result of 
Duncan’s Test shows that P3 (C/N ratio of 
35) significantly generates the highest energy 
content of biogas (P<0.05). 

Table 2 Energy contents of biogas resulted from 
beef cattle and horse feces mixtures 

 

Treatment Energy (KJ) 
Significance 

(0.05)  

P1 90.667 a 

P2 126.167 b 

P3 147.667 c 

 
In this study, microorganisms that 

involve in biogas production were indigenous 
microorganisms of beef cattle feces, and the 
availability of nutrients required by the 
microorganisms in treatment P3 (C/N ratio of 
35) were higher than the other treatments. 
Hence, the treatment provides an optimal 
condition for better methane process 
productions, and resulting in high energy 
content of the produced biogas. The optimal 
C/N ratio gives maximum methane 
production [1][11]. Furthermore, the more 
methane produced, the higher the biogas 
energy content is [9]. 

 
2. Effect of the Treatments on Sludge 

Production 
The sludge quantities resulted from the 

treatments are presented on Table 3.  
 
Table 3 The average sludge quantities resulted 

from beef cattle and horse feces mixtures  
 

Treatment 
Sludge Production 

(Kg) 
Significance  

(0,05)  

P1 8.197 a 

P2 8.687 b 

P3 10.153 c 

 
Table 3 shows that treatment P1 produces 

the lowest sludge quantity (8.197 Kg), 
followed by P2 (8.687 Kg), and P3 (10.153 
kg). The result of Analysis of Variance 
shows that C/N ratios are significantly 
increases sludge productions (P<0.05). 
Further analysis using Duncan’s Test 
revealed that treatment P3 significantly 
produces more sludge quantities than other 
treatments (P<0.05). This finding may related 
to the concentration of horse feces in the 
substrate, which is higher than other 
treatments. The horse feces contain about 
15% of total solid [5] that affects sludge 
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production. Sludge contains most of the main 
nutrient and organic materials. The types of 
nutrients contained in the sludge depend on 
raw materials used [4].  
 
2.1. Effect of treatment of the nutrient 

content of nitrogen (N). 
The nitrogen (N) contents of produced 

sludge are presented in Table 4.  
 
Table 4  The average nitrogen (N) content of 

produced sludge  
 

Treatment 
Nitrogen  

content (%) 
Significance 

(0.05) 

P1 0. 42 a 

P2 0.44 a 

P3 0.48 b 

 
Table 4 shows that treatment P1 produces the 

lowest nitrogen content (0.42 %), followed by P2 
(0.44 %) and by P3 (0.48 %). The Analysis of 
Variance’s result indicates that the C/N ratio 
significantly increase the nitrogen content of the 
sludge (P<0.05). Moreover, the result of 
Duncan’s test shows that treatment P3 (C/N ratio 
35) significantly result the highest nitrogen 
content (P<0.05). Having C/N ratio of 35, P3 
contain more carbon and less nitrogen compared 
to P1 and P2, less than 50 the maximum C/N 
ratio for biogas production [6], while the 
optimum C/N ratio varies between 25 and 35 [6]. 
Therefore, this C/N ratio provides an optimal 
condition for microbial growth and activities. All 
organic nitrogen left in the sludge. In this study, 
indigenous microorganisms of beef cattle feces 
store nitrogen in their cells, so that contribute to 
the nitrogen content of the sludge. Sludge quality 
reflected by the content of nitrogen (N), 
phosphorus (P2O5) and potassium (K2O). The 
content of N in compost derived from organic 
materials degraded by microorganisms, so that 
the process of degradation greatly affects the 
content of N in the sludge. All treatments 
produce nutrient content of N between 0.42% 
and 0.48%, which still in accordance with its 
standards of 0.40% [8]. 

 
2.2. Effect of treatment of the nutrient 

content of phosphorus (P2O5).  
The phosphorus (P2O5) contents of the 

sludge are presented on Table 5. 

Table 5 The average phosphorus (P2O5) content 
of produced sludge  

 

Treatment 
Phosphorus 

content (%) 
Significance 

(0.05) 

P1 0,35 a 

P2 0,42 b 

P3 0,44 b 

 
Based on Table 5, it is known that there 

were differences in the average content of 
P2O5. The treatment P1 produced the lowest 
phosphorus content (0.35%), followed by P2 
(0.42%) and P3 (0.44%). As indicated by the 
result of Analysis of Variance, the treatments 
significantly influence the phosphorus content 
of the sludge (P<0.05). Furthermore, the result 
of Duncan’s test shows that P2 and P3 
treatment significantly produce P2O5 content 
higher than others (P<0.05). Generally, 
phosphorus content is in line with the content 
of N in the sludge [10][12]. The higher the 
nitrogen contained in the biomagnifications of 
microorganisms, the more phosphorus broken 
down, so that the content of phosphorus in 
sludge is also increased. Most microorganisms 
use phosphorus in biogas substrates to build 
their cell. The occurring of all organic matter 
and phosphorus assimilation processes are 
because of microorganisms produce 
phosphatise enzyme. Based on its phosphorus 
content, the produced sludge can be used as 
fertilizer. 
 
2.3. Effect of treatment on nutrient element 

content of potassium (K2O).  
The potassium (K2O) contents of sludge 

are presented in Table 6. It is shown that 
there are differences in the average content of 
K2O. Treatment P1 produces the lowest 
potassium content (0.28%), followed by P2 
(0.29%) and P3 (0.32%). According to the 
result of variance, those treatments 
significantly provide different potassium 
content of the sludge (P<0.05). Moreover, the 
result of Duncan’s test shows that P3 
significantly produces the highest K2O 
content (P<0.05). Potassium (K2O) content of 
sludge was derived from the raw materials or 
biogas substrates used. 
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Table 6 The average potassium (K2O) content of 
produced sludge  

Treatment 
Potassium 
content (%) 

Significance 
(0.05) 

P1 0,28 a 

P2 0,29 ab 

P3 0,32 b 
 

The biogas substrate, namely beef cattle 
and horse feces, contain a lot of forage 
materials which contain potassium. When 
biogas formation process takes place, 
microorganisms use potassium in its activity. 
Potassium has many functions within the 
cell, and can represent up to 2% of the dry 
cell weight of yeast cells, very high for a 
mineral (most are under 0.1%) [13]. Sludge 
K2O contents were in accordance with the 
organic compost standards that the compost 
contains at least 0.20% of K2O [8]. 
 
CONCLUSIONS 

Beef cattle and horse feces mixtures with 
varying C/N ratios (25 – 35) significantly 
influence the biogas and sludge productions. 
The mixture of beef cattle and horse feces 
with C/N ratio of 35 provides the highest 
biogas and sludge productions, that are 
147.667 KJ and 10.153 kg. Mixture of beef 
cattle and horse feces with the C / N ratio of 
35 also produces the highest content of 
nitrogen (N) 0.48%, phosphorus (P2O5),  
0.44% and potassium (K2O) 0.32% of sludge 
which can be use as organic solid fertilizer. 
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