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In this study, spoiled maize silage (SMS) and cattle manure were co-digested at five different 

mixtures by the Hohenheim Batch Yield Test unit under mesophilic conditions to explore biogas 
production possibilities of these wastes together. The mixtures were 100% cattle manure, 100% 

SMS, 85% cattle manure + 15% SMS, 70% cattle manure + 30% SMS, and 55% cattle manure 

+ 45% SMS. Chemical properties of raw materials and mixtures, including crude fat, dry matter, 
organic matter, and acid detergent fiber (ADF) contents were determined. As the amount of 

SMS in the mixtures increased, biogas and methane production increased. The highest 

cumulative specific biogas and methane production were determined for 100% SMS as 0.62 
Nm3 kg-1 organic matter (OM) and 0.31 Nm3 kg-1 OM, respectively, where Nm3 is the volume 

of biogas under normal conditions. Methane content of the mixture containing SMS (49.99% to 

51.87%) was higher than that of cattle manure only (44.01%). Furthermore, the mixtures which 
had lower ADF content yielded more methane and biogas. In conclusion, the efficiency of 

biogas and methane production can be increased by applying the co-digestion technique. 
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1. Introduction 
 

An increase in the world population led to increased energy 

demand. One of the most vital development indicators of the 

countries is energy consumption per capita (Ergüneş et al. 2009; 

Ulusoy et al. 2009; Aybek and Üçok 2017). Fossil fuels such as 

petroleum, natural gas, and coal are used to meet the energy 

demand in the World (Onurbaş Avcıoğlu et al. 2011; Yılmaz 

2012; IEA 2015). Renewable energy sources are alternatives to 

fossil energy sources provided by nature. Renewable energy 

originating from rivers, wind, geothermal energy, biomass, and 

sun are the energy sources that do not cause environmental 

pollution (Temiz and Gökmen 2010). Biogas technology is at the 

forefront of renewable energy production. Biogas is a flammable 

gas originating from the anaerobic digestion of organic 

substances containing carbon dioxide, methane, and other small 

amounts of trace gasses. 

Biogas technology with environmental and economic 

benefits is crucial (Angelidaki and Ahring 1993). Biogas 

production enables organic wastes to be used both as organic 

fertilizers and to gain an economic value by producing energy 

(Üçgül and Akgül 2010). Currently, many studies have been 

carried out determining the biogas potential of various organic 

wastes. Determination of biogas potentials of organic wastes is 

essential for the design and economics of biogas plants (Korkmaz 

et al. 2012). Biogas production from organic materials with high 

biomethane potential can be feasible (Mittweg et al. 2012a). 

Significant amounts of energy can be recovered from agricultural 

residues/wastes in Turkey for biogas production. The utilization 

of organic  wastes  in   biogas   production  provides  an  economic  

 
 

contribution by generating energy and eliminating the adverse 

effects of these wastes on air, water, and soil. 

Furthermore, the digestate of the anaerobic process can be 

applied to agricultural land as an organic soil conditioner (Yaldız 

2000). Since there is a significant potential for organic wastes in 

Turkey, the determination of the biogas potential of these wastes 

and research on the possibilities of usage of biogas as renewable 

energy sources lead to a robust database (Aybek et al. 2015). 

Wastes from plant and animal production in agriculture, which 

have high potential in rural areas in Turkey, are the most critical 

materials for biogas production.  

Biogas production from energy crops is widespread around 

the world. Of many products utilized in biogas plants, maize 

silage holds a key position for biogas production due to its high 

methane yield and chemical composition (Oslaj et al. 2010). In 

various regions of the world, silage maize (Zea mays L.) is 

commonly cultivated. The crop offers a very consistent 

production over a wide range of climatic and agronomic 

circumstances and a high energy content and strong ensiling 

properties. Furthermore, maize silage in dairy cows' grass or 

grass silage-based diets enhances feed intake, milk production, 

and milk protein content (Phipps et al. 1995; Khan et al. 2012). 

Storage of biomass is the ultimate problem; agricultural products 

tend to rot quickly when not properly stored.  In both energy 

production and animal feeding, the quality of silage and the 

reduction of dry matter losses are vital factors to consider 

(Borreani and Tabacco 2010a; Borreani and Tabacco 2010b). 
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Microbial oxidation of silage fermentation products, such as 

lactic acid and residual water-soluble carbon to carbon dioxide 

and water is induced by oxygen penetration into the silo. There 

is a rise in temperature above ambient, as well as increased mass 

and nutritional losses (Wilkinson and Davies 2013). Aerobic 

deterioration - rot - is caused by failure to follow the 

technological discipline of silage preparation or storage or the use 

of inappropriate feed. With access to air, this deterioration rots 

silage through biological reactions. The unexpected air entry into 

silages creates butyric, acetic, or formic acids, rendering silage 

useless. Depending on the density and porosity of the plant 

material and the rate of silage removal, silos are opened, and the 

air is allowed to enter the silage. This results in the proliferation 

of unwanted aerobic microorganisms, such as yeasts and molds, 

which were previously present in the silage, as well as a rise in 

pH (Driehuis and Elferink 2000).  

There have been many studies carried out on mono and    co-

digestion of maize silage. Research consisting of both laboratory 

and full scale investigated the possibilities of using maize silage 

for biogas production. It showed that maize silage is a suitable 

substrate for anaerobic digestion and biogas production.The 

observed specific methane generation for  long-term maize silage 

processing in a mixed laboratory anaerobic reactor was 0.316 

Nm3 kg-1 of VS (volatile solids) (Hutňan 2016). According to a 

study by Hutňan et al. (2010), specific biogas generation from 

maize silage reached 0.66 m3 kg-1 VS. Another study found that 

co-digestion of maize silage with chicken manure in 5-liter 

digesters led to 0.31 L CH4 g-1 VS specific methane output (Sun 

et al. 2016). When comparing sugar beet and maize silage, 

researchers discovered that maize silage had a slightly lower 

anaerobic conversion rate than sugar beet silage due to a large 

number of complex chemicals (Klang et al. 2015). 

The HBT (Patent No. 10227685, 20.01.2005) is a high-

efficiency discontinuous laboratory batch method (Heffrich et al. 

2003) for determining the biogas and methane production 

potential of varying substrates according to the VDI Guideline 

4630 (VDI-Richtlinie 4630 2006). An advantage of the HBT over 

the 2 L batch approach is the higher performance due to the 

significant number of digesters per batch method to determine 

biogas and methane production potential. Additionally, only 

small quantities of the substrate to be tested are needed for the 

analyses, making the HBT applicable for plant breeding 

approaches where only small amounts of the plant material are 

available (Mittweg et al. 2012b).  

The objective of this study was to determine the biogas 

production efficiencies of the mixtures obtained from cattle 

manure and SMS by using the Hohenheim Batch Yield Test 

(HBT) The specific aim of this study was to determine specific 

biogas production as a function of mixtures of cattle manure and 

SMS.  

2. Materials and Methods 
 

2.1. Material preparation 
 

Cattle manure and SMS were obtained from livestock farms 

in the Eastern Mediterranean Region. The wastes were dried at 

room temperature for three weeks. Wastes were ground in 1 mm 

size according to the standards related (VDI 4630 2006) using an 

industrial type grinder. The main characteristics of the raw 

materials (cattle manure and SMS) are reported in Table 1. The 

moisture contents of the samples were determined as 9.26% and 

6.44% (wet basis) for cattle manure and SMS, respectively. 

Cattle manure had an organic matter (OM) of 90.79%, while MS 

had an organic matter of 95.02%. Cattle manure and SMS had a 

crude fat content of 2.30 and 2.33%, respectively. Cattle manure 

was rich in Acid Detergent Fiber (ADF) of 60.19%. Values 

reported are on a dry weight basis except for moisture content on 

a wet weight basis. Compositions of feeds at the beginning of the 

experiment are given in Table 1. The number of replication for 

each mixture was 3. 
 

2.2. Preparation of inoculum 
 

Inoculum, which is a mixture of liquid + solid phase, was 

obtained from Gaziantep Water and Sewerage Administration 

(GASKI) central wastewater treatment plant. The four-layered 

cheesecloth was used to filter, mixed with a 1:2 ratio of buffer 

solution. Buffer solution; 500 mL of distilled purified water was 

formed from 0.1 mL of solution A, 200 mL of solution B, 200 

mL of solution C, 1 mL of resazurin (0.1%, w v-1) solution C, and 

40 mL of solution E. Solution A was mixed with 13.2 g 

CuCl22H2O, 10.0 g MnCl24H2O, 1.0 g CoCl26H2O, and 8.0 g 

FeCl2H2O in distilled water. Solution B was dissolved in 35 g of 

NaHCO3 and 4 g of NH4HCO3 in pure water to complete 100 mL. 

Solution C was dissolved in 5.7 g of Na2HPO4, 6.2 g of KH2PO4, 

0.6 g of MgSO47H2O in pure water, and 1000 mL was completed. 

Solution D was dissolved in 0.5 g of resazurin pure water to 

complete 100 ml. Solution E consists of 95 mL of distilled water, 

four mL of 1 N NaOH, and 625 mg Na2S9H2O. 
 

2.3. Biogas and methane measurements 
 

The biogas experiment was carried out using the HBT 

method (Heffrich and Oechsner 2003). In this study, the prepared 

samples were placed into 100 mL glass syringes located in the 

incubator. Likewise, three inoculum syringes, each containing 30 

mL of inoculum for control group samples were also placed in 

the sections of the incubator. The syringes were placed 

horizontally into the incubator at 37°C after the inoculum was 

placed. The methane measurement system was used to determine 

the  methane   content  before  the  incubator  was  calibrated  with

 
Table 1. Chemical properties of materials 

Mixes 
Materials in mixtures Moisture content Dry matter Organic matter Crude fat ADF 

Cattle manure (%) SMS (%) (%) (%) (%) (%) (%) 

Mixture-1 100 - 9.26 90.74 90.79 2.30 60.19 

Mixture-2 - 100 6.44 93.56 95.02 2.33 22.74 

Mixture-3 85 15 8.77 91.23 94.45 2.13 24.71 

Mixture-4 70 30 8.69 91.31 93.13 2.25 26.47 

Mixture-5 55 45 7.84 92.16 92.30 2.43 26.01 
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a calibration tube (60.5% CH4) (S-AGM plus 1010 sensor). The 

purpose of the calibration was to verify that the measured gas was 

at standard conditions (0°C and 1013 hPa). Experiments lasted 

for 35 days. Measurements were made every six hours for the 

first six days, eight and twelve hours later the subsequent days, 

and the methane efficiency in each sample was determined. 

While Equation (1) was used to calculate the normal volume of 

the produced gas in the glass syringes prepared for each sample 

of the materials studied, Equation (2) was used to determine the 

methane content of the formed biogas. Equation (3) was used to 

calculate cumulative methane over time (VDI 4630 2006). 

 

𝑉0
𝑛 = 𝑉 (

(𝑃−𝑃𝑤)(𝑇0)

(𝑃0)(𝑇)
)                                                   (1) 

 

Where, 𝑉0
𝑛 is the volume of gas under normal conditions 

(mLN), V is the volume of gas read (mL), P is the air pressure at 

the time of reading (hPa), Pw is the steam temperature of the water 

in the outside (hPa), T0 is the normal temperature (273°K), P0 is 

the normal pressure (1013 hPa), and T is the temperature of the 

gas which has undergone digestion in the outside (°K). 

        

𝐶𝐶𝐻4

𝑛 = 𝐶𝐶𝐻4

𝑓
(

𝑃

(𝑃−𝑃𝑤)
)                                                 (2) 

 

Where 𝐶𝐶𝐻4

𝑛  is the volumetric methane content in dry biogas 

(%), 𝐶𝐶𝐻4

𝑓
 is the volumetric methane content in moist biogas (%). 

 

𝑀𝐶𝐻4
(𝑡) = 𝑀𝐶𝐻4

(0) + ∫ 𝑀𝐶𝐻4

𝑡2

𝑡1
(𝑡)𝑑𝑡               (3) 

 
Where 𝑀𝐶𝐻4

(𝑡) is the cumulative methane production (Nm3 

CH4 kg-1 (OM), 𝑀𝐶𝐻4
(0)is methane production when t= 0 (Nm3 

CH4 kg-1 OM), and t2-t1 is time between two measurements (min). 
 

2.4. Chemical analysis 
 

The crude protein, crude oil, dry matter, OM, and ADF 

contents of the samples in the study were determined. Crude 

protein analysis was performed by the Kjeldahl method and crude 

oil analysis by TS 6317 and Foss Soxtec method. The dry matter 

and OM analysis were determined according to VDI 4630 (2006), 

standard VDI 4630 (2006), and AOAC (1990). ADF analysis 

were conducted by (Van Soest et al. 1991). 
 

2.5. Evaluation of data 
 

The mean and standard deviation values, statistical analyzes, 

and variance analyzes of the measurements made in three 

replicates were determined, and the obtained values were 

interpreted by transferring them into the figures and tables. 

 

3. Results and Discussion 
 

3.1. Chemical properties of materials 
 

Results of initial chemical analysis for Mixture-1 through 

Mixture-5 are given in Table 1. While the highest OM content 

was measured for SMS (95.02%), the lowest was cattle manure 

at 90.79%. As the proportion of SMS in the mixture increased, 

the DM also increased (Table 1). The highest and the lowest ADF 

content were determined for cattle manure and SMS as 60.19% 

and 22.74%, respectively. The crude oil content of mixes, an 

essential parameter for biogas production, ranged from 2.13 to 

2.43%. 
 

3.2. Biogas and methane production values of materials 
 

The cumulative specific methane production of mixtures and 

inoculum as a function of time is shown in Figure 1. The results 

of cumulative specific methane and biogas productions are 

shown in Table 2. The results of variance analysis of methane 

production, biogas production, and methane content are given in 

Table 3.  

According to the test standards, cumulative specific methane 

production from the inoculum should be 0-0.1                         

Nm3 kg-1 organic matter (OM) (VDI 4630 2006). In this study, 

the cumulative specific methane production from the inoculum 

was 0.09 Nm3 kg-1 OM-1. The cumulative methane production 

occurred on the first day, increased gradually, and attained the 

maximum value at days 30-35 (Figure 1). As the proportion of 

SMS in mixtures increased, cumulative specific methane 

production increased. The results revealed that the highest 

cumulative specific biogas production value was determined for 

Mixture-2 (SMS) as 0.62 Nm3 kg-1 OM. It was followed by 

Mixture-5 (0.45 Nm3 kg-1 OM-1), Mixture-4 (0.39                 

Nm3 kg-1 OM-1), Mixture-3 (0.32 Nm3 kg-1 OM-1), and     

Mixture-1 (0.27 Nm3 kg-1 OM-1) (Table 2). (Arıcı and Koçar 

2015) conducted on co-digestion of a mixture of 50% cattle 

manure + 50% maize silage in the mesophilic conditions (37°C) 

showed that biogas production 0.415 Nm3 kg-1 OM-1. A similar 

study on co-digestion of the mixture containing 75% cattle 

manure and 25% maize silage in the 37°C conditions resulted in 

0.445 Nm3 kg-1 OM-1 biogas production (Ayhan 2013). As for 

the cumulative methane production of the mixture, the highest 

cumulative methane production was measured for Mixture-2 

(0.31 Nm3 kg-1 OM-1). It is followed by Mixture-5 (0.22   

Nm3 kg-1 OM-1), Mixture-4 (0.19 Nm3 kg-1 OM-1), Mixture-3 

(0.15 Nm3 kg-1 OM-1), and Mixture-1 (0.12 Nm3 kg-1 OM-1) 

(Table 2). The results showed that the methane content in the 

biogas increased as the proportion of SMS in the mixture 

increased. Methane content from the mixture containing SMS 

ranged from 49.99% to 51.87%, while Mixture-1 (cattle manure) 

yielded a methane content of 44.01% (Table 2). The methane, 

biogas production, and methane content of all the mixtures were 

statistically significant (P≤0.05) (Table 3). 

Methane and biogas production varied based on the ADF 

content of mixtures. Chemical analysis of the mixture showed 

that the lowest and the highest ADF content were determined for 

Mixture-2 (SMS) and Mixture-1 (cattle manure) as 22.74 and 

60.19%, respectively. It was found that there was a negative 

correlation between the amount of ADF and methane and biogas 

production. Similarly, Jimenez et al. (1990) reported that 

Pearson's coefficient correlated the hemicellulose content in a 

significant and positive way for biogas production. The negative 

and statistically significant relationship was established for 

biogas production and ADF parameters.
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Figure 1. Average cumulative methane production of mixtures over time. 

 
Table 2. The cumulative specific methane, biogas production and methane content in the mixes 

Mixes 

Cumulative specific biogas production 
Nm3 kg-1 OM-1 

Cumulative specific methane production 
Nm3 kg-1 OM-1 Methane 

content (%) Measurements Measurements 

1. 2. 3. Avr. ±Stdv 1. 2. 3. Avr. ±Stdv 

Mixture-1 0.25 0.31 0.24 0.27±0.017 d 0.10 0.14 0.10 0.12±0.009 d 44.01 b 

Mixture-2 0.69 0.61 0.56 0.62±0.029 a 0.35 0.30 0.28 0.31±0.017 a 49.99 a 

Mixture-3 0.35 0.31 0.29 0.32±0.013 cd 0.18 0.16 0.14 0.15±0.007 cd 51.81 a 

Mixture-4 0.39 0.41 0.38 0.39±0.015 bc 0.20 0.21 0.19 0.19±0.005 bc 51.87 a 

Mixture-5 0.45 0.44 0.47 0.45±0.006 b 0.22 0.23 0.24 0.22±0.003 b 50.79 a 

P≤0.05; The differences between the cumulative specific methane, biogas productions and methane ratio averages in the biogas are indicated by different letters in the same 

column a, b, c, d, e. 

 
Table 3. Analysis of variance of methane and biogas production in the mixes 

Biogas parameters Source of variance SD SS MS F value SEM P-value 

Methane production 

(Nm3 kg-1 OM-1) 

Between groups 4 0.063 0.016 30.040 1.466  

Inside groups 10 0.005 0.001  1.466 0.000*** 

Total 14 0.068   1.466  

Biogas production 

(Nm3 kg-1 OM-1) 
Between groups 4 0.225 0.056 37.349 0.0250  

Inside groups 10 0.015 0.002  0.0250 0.000*** 

Total 14 0.240   0.0250  

Methane 
content (%) 

Between groups 4 28.497 32.124 18.996 0.037  

Inside groups 10 16.911 1.691  0.037 0.000*** 

Total 14 145.407   0.037  

P≤0.05 the differences between the mean scores of methane and biogas are significant. P≤0.1 the differences between the mean scores of methane content are important (SD: 

Standard Deviation, SS: Some of the Squares, MS: Mean Square, SEM: Standard Error of the Mean). 

 

4. Conclusions 
 

In this study, co-digestion of SMS and cattle manure using 

the HBT was performed at mesophilic conditions. Preparing The 

mixtures tested were 85% cattle manure + 15% SMS, 70% cattle 

manure + 30% SMS, 55% cattle manure + 45% SMS, 100% 

cattle manure, 100% SMS. As the proportion of SMS in mixtures 

increased, cumulative specific methane and biogas production 

increased. The highest cumulative specific biogas production 

value was determined for 100% SMS as 0.62 Nm3 kg-1 OM-1. 

The highest cumulative methane production was measured for 

100% SMS as 0.31 Nm3 kg-1 OM-1. Methane content from the 

mixture containing SMS ranged from 49.99% to 51.87%, while 

cattle manure yielded a methane content of 44.01%. Methane and 

biogas production changed based on the ADF content of 

mixtures. 

In conclusion, the efficiency of biogas and methane 

production can be increased by applying the co-digestion 

technique of organic substances together. SMS and cattle manure 

can be used as a suitable source for biogas plants.  
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