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Abstract. Co-digestion is becoming an important method to increase specific biogas production. 
Co-digestion of cow manure with corn straw was investigated and optimized in this study, and the 
influence of vegetable residues additive on co-digestion was explored preliminarily. The research 
was divided into two parts, i.e., the co-digestion of cow manure and corn straw was carried out in part 
A, and the co-digestion of cow manure, corn straw and vegetable residues was carried out in Part B. 
The experimental design with duplicates was adopted to examine the improvement of batch digestion 
in terms of biogas production volume, CH4 content in the biogas, contents variation of cellulose and 
lignin. All the digesters were run simultaneously under controlled temperature at 37 ± 0.1 ℃. The 
results showed that the corn straw addition significantly increased biogas production, among which 
the substrate, with 1/7 of TS ratio of corn straw to cow manure, performed the best with a 
accumulative biogas volume of 350.01 ml/g•VS, increasing by 30.19% compared to the cow manure 
digestion alone. However, adding 1% (TS) vegetable residues to the mixture of corn straw and caw 
manure didn’t bring about a significant change in biogas production, the addition of vegetable 
residues greater than 5% (TS) caused the acidification problem. The results show that it was efficient 
to improve the biogas productivity by co-digesting corn straw and cow manure, but the acidification 
problem should be avoided when adding vegetable residues. 

1. Introduction 
Due to energy crisis and environmental problems, anaerobic digestion is one of the most 

promising ways to produce renewable energy from energy crops, manures and other organic 
materials. Agricultural wastes like manure and straw are commonly available and are used feedstock 
in anaerobic digestion[1]. Manures have a low C/N and straws have a high C/N, digesting alone 
usually results in a low biogas yield, while co-digestion of straws and manures has the synergetic 
effects. Manures provide good buffering capacity and a wide range of nutrients, while the addition of 
straws increases the energy yield of the process[2, 3]. Weiland proposed that co-fermentation and 
optimal mixture of different substrates would have a great potential for high efficient biogas 
production. In Germany, it is reported that almost half of all the biogas plants are using agricultural 
residues and animal manure for co-fermentation biogas production[4]. 

In this study, the typical crop residues and livestock manures such as corn straw and cow manure 
in the suburban of Beijing were selected to investigate the biogas yield of anaerobic co-digestion 
under mesophilic anaerobic fermentation condition in terms of different mixture ratios. Based on the 
analysis of the biogas production, methane content, pH, and the change of cellulose and lignin, etc., 
the ratio of straw and manure was optimized. Besides, as vegetables have the characteristics of high 
moisture, organic content (volatile solid) and easy biodegradation, especially being rich in 
micronutrients, vegetable residues as additive to the co-digestion of corn straw and cow manure was 
investigated [5].  
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2. Material and methods 
2.1 Origin of materials  
The substrate of this research are corn straw, cow manure and vegetable residues. The fresh cow 

manure was obtained from the Sanyuan Treasure Island dairy farm in Beijing. Inoculum was obtained 
from a mesophilic anaerobic digester which was processing dairy manure from the same dairy farm. 
After harvesting the corn straw in the farmland of Daxing region in Beijing, the material was cutting 
into small pieces with a particle size of approximately 5mm. The vegetable residues, collected from 
the fruit and vegetable market in our university, were also cut into small pieces with a particle size of 
approximately 5mm. Table 1 shows the chemical and physical characteristics of the materials. 

Table 1 Chemical and physical characteristics of raw materials 
Raw materials pH TS(%) VS(%) oTM(%) H S C N C/N 

corn straw - 92.15 90.56 83.45 6.32 0.33 42.98 0.82 52.41 
cow manure 7.33 23.41 38.79 9.08 4.99 0.81 33.66 2.01 16.75 

vegetable residues 6.50 5.66 83.60 4.68 - - - - 13.46 
 
2.2 Experimental set-up 
 The experiment was carried out in the Automatic Methane Potential Test System imported from 

Sweden. The reactors consist of 15 glass bottles, each with a total volume of 500ml, stirred 
continuously at 85 rpm, and controlled at 37±1 ℃. The real-time data logging of accumulated 
bio-methane volume and flow rate were available by Automatic Methane Potential Test System, of 
which the measuring resolution is 10 ml[6]. Figure. 1 shows the system. 

 

 
Fig. 1 Automatic Methane Potential Test System 

 
2.3 Experimental design 
Two parts (part A and part B) of experiments performed sequentially. First, in part A, the 

co-digestion of cow manure and corn straw was carried out, grouping by the ratios of corn straw and 
caw manure  with 1/4, 1/5, 1/6, 1/7, 1/8, 1/9, 1/10, 1/20 based on TS respectively. And all the mix 
ratio of substrates was calculated on TS. Besides, a control test with cow manure digestion were 
operated. Based on the experimental results of part A, the best mixture ratio of corn straw and caw 
manure was applied in part B. In part B, the vegetable residues of 1%, 5%, 10% (calculated on dry 
weight of cow manure) as additive were put into the co-digestion reactors respectively. The ratio of 
TSinoculum to TS/substrate was 0.5[7]. Table 2 shows the composition and added amounts of the 
experiments. 
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Table 2 Composition and added amounts in the reactors [g] 

No. corn straw cow manure vegetable residues ratio (TScorn straw/TScaw manure) 

A 

1 0 0 0 - 
2 0 128.21 0 - 
3 8.14 128.21 0 1/4 
4 6.51 128.21 0 1/5 
5 5.43 128.21 0 1/6 
6 4.65 128.21 0 1/7 
7 4.07 128.21 0 1/8 
8 3.62 128.21 0 1/9 
9 3.26 128.21 0 1/10 
10 1.63 128.21 0 1/20 

B 
1 4.65 128.21 5.30 1/7/0.07 
2 4.65 128.21 26.50 1/7/0.35 
3 4.65 128.21 53.00 1/7/0.7 

 
2.4 Method 
 During the anaerobic digestion, the biogas production, methane content, TS, VS, pH, C, H, S, N, 

cellulose and lignin were measured. The biogas production was obtained in real-time by the 
Automatic Methane Potential Test System. The methane content of biogas was measured using the 
Geotech-Biogas Check. The TS and VS were determined according to China standard methods under 
the temperature of 105 ℃ and 550 ℃ respectively. The pH was measured with a Mettler Toledo 
pH-meter. The basic elements of C, H, S, N were analyzed in the Elemental Analyzer – 3000. The 
content of cellulose and lignin were measured by the Raw Fiber Determination Equipment-SLQ-201. 

3. Results and discussion 
3.1 part A 
3.1.1 Biogas production in part A 
As Figure. 2 and Figure. 3 show, all the biogas productions reached the peaks with the CO2 content 

of over 80% in all the 10 sets from the 1th day to the 3th day. The second peaks happened differently, 
but still ranging from the 4th day to the 8th day. With addition of less corn straws, the sets of A7-A10 
got the earlier second biogas production peaks, then tending to be stable. Furthermore, from the 3th 
day, the methane contents of all the 10 sets except A1 exceeded 60%. As the control test, the biogas 
production in A1 with just inoculum was  relatively lower. The highest daily biogas production turned 
up in A8, 533.1 ml/day, showed on the 4th day, while in the biogas production-optimal set (A6), the 
highest daily biogas production was 434.8 ml/day, also happened on the 4th day. However the peak 
daily biogas production in A6 was a little lower than that in A8, but the biogas cumulative yield in A6 
was the highest with the more stable operation system. In the set of A6, another small peak turned up 
on the 15th day, with a daily biogas production of 310.5 ml/day, possibly on account of that the 
methanogens were in the ascendant in the later stage, while the acidogens were dominant in the initial 
stage. It turned out that the ratio of corn straw and caw manure in A6 (1/7) was the optimal with the 
best biogas production performance, in which there was the synthetic effect between cow manure and 
corn straw so as to promote each other’s biogas production[1]. 
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Fig. 2 Daily biogas productions in A1-A5 Fig. 3 Daily biogas productions in A6-A10 
 
As Figure. 4 shows, after the 30 days-test period of anaerobic digestion, the total biogas 

productions in A1-A10 were 704.01 ml, 3128.62 ml, 2374.56 ml, 5284.48 ml, 5331.98 ml, 5546.92 
ml, 4259.92 ml, 3935.72 ml, 3763.82 ml, 1608.95 ml respectively, in which the highest biogas 
production with 5546.92 ml turned up in A6, equating to 350.01 ml/g•VS, exceeding 30.19% 
compared to the set of A2 without corn straw. 

However, not all the tests with additions of corn straws performed promoting roles in A3-A10. In 
A3 and A10 corn straw addition inhibited the biogas production which were 53.54% and 54.36% 
respectively lower than A2 (without corn straw). As Table 3 shows, C/N in A3 was 23.88 which was 
in a suitable range theoretically, but the additive amount of corn straw might be too much for a stable 
anaerobic digestion system initially, leading to acidification. In A10, the biogas production fell off 
sharply with the ratio of 1/20. It might be due to some undesirable inhibitors that needs further 
research[8]. Finally, the biogas productions in A7, A8 and A9 were similar to A2 and corn straw had 
little impact on biogas production. 

The ratios of corn straw and cow manure in A3 and A10 were 1/4 and 1/10. For good anaerobic 
co-digestion condition, it proved that the ratio should be in a reasonable range of 1/5 to 1/10 as the 
result of this research. 

Table 3 C/N in part A [%] 
No. A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 
C/N - 16.75 23.88 22.69  21.85  21.21  20.71  20.32  19.99  18.45  

 

   
Fig. 4 Specific and cumulative biogas productions in different sets 

 
3.1.1 The change of cellulose and lignin contents in part A 
As Figure. 5 and Figure. 6 show, before and after the anaerobic digestion, cellulose content (the 

percentage of cellulose in per gram dry straw) and lignin content (the percentage of lignin in per gram 
dry straw) did not show significant changes. During the anaerobic process, the lignin was stripped 
away from the cellulose, promoting the degradation of cellulose. The dissolved cellulose were 
metabolized by microbes, but that amount was very little, leading to the little change of cellulose and 
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lignin contents[9]. As the substrate of anaerobic digestion, the corn straws might need to be pretreated 
using some pretreatment processes such as adding enzyme and fungicide to improve the utilization 
rate of cellulose[10]. 

  
Fig. 5 Change of cellulose content in part A Fig. 6 Change of lignin content in part A 
3.1 part A 
On the basis of the results of part A, the optimal ratio of corn straw and cow manure  was 1/7 in 

part B. For exploring the effect of vegetable residues on anaerobic co-digestion (if vegetable residues 
could be used as microelement or not), different contents of vegetable residues were added as the 
third kind of substrates in the co-digestion, with 1%, 5%, 10% respectively. Figure. 7 showsthat in B1 
with a additive amount of 1%, the total biogas production in 30 days was 5228.99ml, equating to 
324.81 ml/g•VS, 8% lower than that in A7. It turned out that only 1% vegetable residues didn’t make 
significant sense. Focusing the pH in Figure. 8, pH in B1 didn’t change clearly before and after 
anaerobic digestion, showing a relatively stable system. However, in B2 and B3, the problem of 
acidification emerged from the 3th day, as the pH declined to 6 and below. Abundant volatile fatty 
acids accumulated in the initial stage as hydrolysis reaction proceeded quickly because of vegetable 
residues addition and acidogens prevailed over the other microbes. The volatile fatty acids could not 
be consumed quickly, leading to the acidification and system crash[11]. It turned out that co-digestion 
with vegetable residues need nutrient balance to keep the system stable[12]. 

 
Fig. 7 Change of daily biogas production in part B 
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Fig. 8 Change of pH in part B 

4. Conclusions 
In consideration of the nutrient requirements of anaerobic microbes, co-digesting of corn straw 

and cow manure in a reasonable ratio promoted the biogas production and kept the system stable. And 
the stability of continuous operating co-digestion system should be explored further[13]. 

The highest total biogas production (5546.92 ml) turned up in A6 (1/7), equating to 350.01 
ml/g•VS, exceeding 30.19% compared to A2 without corn straw addition. As the cellulose and lignin 
contents were relatively high in corn straw and cow manure, the co-digestion could not be helpful to 
degrade the cellulose and lignin. Pretreatment like adding enzyme and fungicide may be required. 

Adding 1%  vegetable residues did not promote the biogas production compared to A6. But the 
addition of vegetable residues greater than 5% could cause the acidification problem, which should be 
avoided by adjusting nutrient composition in the digester. 
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