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Abstract 
In this paper, the effect of biochar on the anaerobic acid production process of food waste 
was investigated by adding different concentrations of biochar to the anaerobic 
fermentation process of food waste. The results showed that the addition of biochar in 
anaerobic acid production stage could greatly promote the hydrolysis of kitchen waste. 
When the concentration of biochar was 8g/L, the concentration of TVFA and SCOD could 
reach 10906.1451mg/L and 27130.57mg/L, respectively, which was 18.39 % and 11.02 % 
higher than that of the control group. Therefore, when the concentration of biochar 
added is 8g/L, it can better promote the anaerobic hydrolysis of kitchen waste to 
produce acid. 
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1. Introduction 

Due to the rapid development of urbanization in China and the continuous improvement of residents 
' living standards, the production of domestic waste is increasing year by year. Food waste is the main 
component of domestic waste, accounting for about 36 % to 52 % of the total domestic waste [1]. 
Due to the perishable nature of food waste, improper handling will cause great harm to environmental 
governance[2]. Anaerobic fermentation technology can convert organic waste into clean energy, 
which is a mature and efficient resource utilization technology and can realize the reduction and 
resource utilization of kitchen waste [3,4]. Meanwhile, anaerobic fermentation of kitchen waste can 
produce a large number of intermediate products, such as volatile fatty acids ( VFAs ). Among them, 
VFAs are important intermediates in the anaerobic digestion process, mainly composed of small 
molecular organic acids such as acetic acid, propionic acid, butyric acid and valeric acid. They have 
high biodegradability and utilization value, and have great application potential[5]. The low 
concentration of carbon source in the influent of sewage treatment plant limits the removal efficiency 
of N and P, so additional carbon source is needed [6]. Using VFAs produced by anaerobic 
fermentation as carbon source can not only enhance the efficiency of biological nitrogen and 
phosphorus removal, but also reduce the operating cost of wastewater treatment plants [7,8]. At the 
same time, VFAs can also be used as a carbon source for microbial synthesis of degradable plastics 
( such as polyhydroxyalkanoates ), which not only reduces production costs, but also makes food 
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waste resource utilization [9]. In addition, VFAs can also be used as substrates for microbial fuel cell 
power generation [10]. 

In order to efficiently accumulate higher concentrations of VFAs, it is necessary to accelerate the 
hydrolysis and acidification of the substrate[11]. Biochar is formed by high temperature pyrolysis of 
biomass raw materials under oxygen-limited or anaerobic conditions [12-14]. Biochar has high 
porosity, large specific surface area and rich functional groups, which can provide habitat conditions 
for microorganisms and promote the growth and metabolism of microorganisms [15]. By adding 
biochar with a concentration of 14g/L to the anaerobic acidogenic phase, Liu et al.increased the 
concentration of VFAs by nearly twice compared with the control group, indicating that the addition 
of biochar can enhance the metabolic activity of the acidogenic bacteria and provide sufficient growth 
and reproduction sites for the bacteria [16]. At the same time, studies have shown that the high 
porosity of biochar can provide certain attachment sites for key enzymes in the anaerobic digestion 
process and improve the reaction efficiency of fermentation substrates and enzymes [17]. In addition, 
the surface of biochar is rich in carboxyl, phenolic hydroxyl and other groups, which can promote the 
electron transfer between microbial species, improve the metabolic activity of microorganisms, and 
promote the degradation of organic pollutants [18]. Therefore, the aim of this study was to investigate 
the effect of biochar addition on anaerobic acidogenesis of kitchen waste. 

2. Materials and Methods 

2.1 Subject 

Food waste: taken from a university canteen, kitchen waste is mainly composed of leftovers while 
removing bones, paper cups, toothpicks, etc., and broken into homogenates with a home cooking 
machine. After packaging, it is stored in a-20 °C freezer for use. Its basic properties are shown in 
Table 1. 

Inoculation sludge : taken from an anaerobic digestion tank of a wastewater treatment plant, placed 
at 35 °C for one month before use, and its basic properties are shown in Table 1. 

Distiller 's grains biochar : by a distiller 's grains as raw material, after 600-800 °C high temperature 
anoxic pyrolysis. The pH value is 7.33, and the scanning electron microscope image is shown in 
Figure 1. 
 

Table 1. Characteristic of experimental raw materials 

 Food waste Inoculation sludge 

TS(%) 27.17±0.76 3.28±0.01 

VS(%) 26.49±0.57 1.81±0.00 

VS/TS(%) 97.50% 55.18% 

pH 4.23 8.16 

Grease(%wt) 11.70±0.16 - 

C/N 30.52 - 
 

 
Fig.1 Scanning electron microscopy of 500 times(a) and 1000 times(b) of distiller 's grains biochar 

a b 
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2.2 Experimental Design 

Distiller 's grains biochar was added to the kitchen waste anaerobic fermentation system at the 
concentration of 0g/L, 2g/L, 4g/L, 8g/L and 12g/L, respectively. In the anaerobic acidogenic reaction 
system, the food waste TS was 4.5 %, the operating temperature was 35 ℃, the S/I was 5 : 1 ( TS ), 
and the effective volume was 1L. Periodic sampling for the determination of indicators, and to 
monitor changes in pH. 

2.3 Analysis Method 

The samples were centrifuged at 8000 r / min for 10 min, and the supernatant was filtered through a 
0.45 μm filter membrane to determine the physicochemical indexes of the filtrate. COD was 
determined by potassium dichromate method [19]; VS and TS were measured by gravimetric method 
(GB 11901-1989 ). pH is determined by an online pH meter; ammonia nitrogen by Nessler reagent 
spectrophotometry; soluble polysaccharide by anthrone sulfuric acid method, protein by Folin - 
phenol reagent method [20] ; TVFA was measured by spectrophotometry [21]. 

3. Result and Discussion 

3.1 The Effect of Different Biochar Dosage on TVFA in Anaerobic Acidification Process 

The change trend of volatile fatty acids in kitchen waste anaerobic acid production process with 
different biochar dosage is shown in Fig. 2. In the acid-producing fermentation system of each group, 
the concentration of TVFA basically showed a trend of rapid increase and then slow decrease. 

When the biochar addition amount was 8g / L and 12g / L, the TVFA peak reached 10906.1451mg / 
L and 9984.8406mg / L, respectively, which increased by 18.39 % and 8.39 % compared with the 
control group. When the concentration of biochar is 8g / L, the effect of promoting acid production 
is the most obvious. Since the porous structure in biochar provides sufficient attachment sites and 
good protection for hydrolytic acidification bacteria, it promotes the anaerobic acid production 
process [7]. It can be seen from the scanning electron microscope in Fig.1 that the distiller 's grains 
biochar has a more developed pore structure.  

 

 
Fig. 2 Effect of different biochar dosage on TVFA in anaerobic acidification process 

3.2 Effect of Different Biochar Dosage on SCOD in Anaerobic Acidogenic Process 

Since the concentration of SCOD is closely related to the degree of hydrolysis of food waste, as 
shown in Fig.3, the change trend of SCOD concentration during anaerobic acid production under 
different biochar dosage. It can be seen from the diagram that the change of SCOD concentration in 
each group showed a trend of increasing first and then decreasing, and all reached the peak on the 
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third day. When the amount of biochar added was 8g / L and 12g / L, the peak concentration of SCOD 
was 27130.57mg / L and 26232.67mg / L, respectively, which was 11.02 % and 7.35 % higher than 
that of the control group. When the concentration is 8g / L, the hydrolysis efficiency is the highest 
compared with other groups. Therefore, the larger porosity of biochar can enrich more hydrolytic 
bacteria to a certain extent, which has a positive effect on the hydrolysis and acidification of organic 
matter [22]. And later may be due to anaerobic bacteria proliferation of methane makes SCOD 
concentration decreased. 

 

 
Fig. 3 Effect of different biochar dosage on SCOD in anaerobic acidification process 

3.3 Effects of Different Biochar Dosage on Protein and Polysaccharide in Anaerobic 
Acidification Process 

 
Fig. 4 Effects of different biochar dosage on polysaccharide ( a ) and protein ( b ) in anaerobic 

acidification process 

 

Figure 4 shows the change trend of protein and polysaccharide concentration in the process of 
anaerobic acid production under different biochar dosages. The hydrolysis of polysaccharides and 
proteins is an important source of organic acids during the anaerobic acid production of food 
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waste[23]. When the addition amount of biochar was 12g/L, the dissolution effect of polysaccharide 
was the most obvious, followed by the addition amount of 8g/L. The protein concentration of each 
experimental group began to decline slowly after reaching the peak on the third day. When the amount 
of biochar added was 8g / L, the protein hydrolysis rate was the fastest, from 5892.98 mg/L on the 
third day to 4227.89 mg / L on the seventh day, and the hydrolysis rate was 28.26 %. The protein 
concentration of the control group decreased from 6262.99 mg / L on day 3 to 5060.43 mg / L on day 
7, and the hydrolysis rate was 19.20 %. At the same time, the protein hydrolysis rates of the 
experimental groups with biochar addition of 2,4 and 12 g/L were 22.09 %, 21.09 % and 27.17 %, 
respectively. Biochar can improve the hydrolysis efficiency of protein and polysaccharide during 
anaerobic fermentation, which is beneficial to the hydrolysis of organic matter [24].  

4. Conclusion 

In the anaerobic fermentation system of food waste, the addition of biochar has a certain promoting 
effect on the anaerobic hydrolysis and acid production process of food waste. Different biochar 
addition concentrations had significant differences in anaerobic fermentation acid production: 
compared with the control group, when the biochar addition concentration was 8g / L, the cumulative 
concentration of TVFA was high and the acid production effect was the best. At the same time, when 
the concentration of biochar is higher, the dissolution rate of organic matter represented by SCOD is 
higher and the hydrolysis effect is better. For the dissolution and hydrolysis of polysaccharides and 
proteins, the comprehensive effect was the best when the biochar addition concentration was 8g/L. 
Therefore, adding 8g/L biochar can better promote the process of anaerobic hydrolysis. 
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