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Study on biogas production and microbial community structure by mixed thermophilic
anaerobic fermentation of cabbage residue juice

LI Ruifan, CHEN Yubao, WANG JUhua, ZHUANG Shiyun, ZHANG Wenjie, HU Liangdong

(School of Energy and Environmental Science, Yunnan Normal University, Kunming 650500)

Abstract: In order to explore the effect of mixed vegetable residue and vegetable juice on the potential of biogas
production by anaerobic fermentation and to provide reasonable analysis and suggestions for the application of anaer-
obic fermentation engineering of mixed vegetable residue and juice. In this paper, the batch fermentation method was
adopted which the mixture of Chinese cabbage residue and juice was selected as the reaction raw material. The mass
fraction of substrate was 3% and the particle size of Chinese cabbage residue was 0.85 mm at high temperature
(55+1) ‘C. Among them, the TS degradation rate, VS degradation rate, the second daily gas production peak, the
highest CH4 content and the cumulative total gas production in the experimental group 3 (the amount of 331.66 mL
inoculum with 68.34 g water of cabbage residue was 120 mL) were 56.13%, 61.06%, 525 mL, 66.19% and 3 390 mL,
respectively, and the pH values before and after fermentation were 7.2 and 7.6, respectively, which were all in the
normal pH range of methanogens and the results were better than those of other experimental groups. A small scale-up
experiment of continuous stirring anaerobic fermentation to produce biogas was carried out in a 100 L fermentor and
the biological community structure was analyzed. It was found that at the class level, the archaca were mainly meth-
anobacteria and methanogens. At the genus level, Campylobacter thermophilus is the main methanogenic bacteria in
the reactor (55%-81% of the total bacteria), and methanosarcina is the second dominant methanogenic bacteria
(16%-42% of the total bacteria). In the process of continuous stirring, methane is mainly produced by methanosarcina
using CO; and H» through the reduction of CO, methanogenic pathway and acetic acid methanogenic pathway, that is,
methanosarcina plays a leading role in methane production in the continuous stirring experimental group.
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Table 1 Physical and chemical properties of mixed cabbage waste juice and inoculum
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Figure 1 Batch constant temperature anaerobic fermentation device
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Figure 2 Simulated engineering anaerobic fermentation
experiment device diagram
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Table 2 Experimental design of mixed anaerobic fermentation of cabbage residue juice

2053 J /g TEAZXT/g FEAZ/e 7K/mL Hfp & /mL
SRIGAH 1 EIRA 44.55 44.55 - 310.91 120
SRS 2 EIRA 44.55 44.55 310.91 - 120
SEIGA 3 Sy 68.34 - - 331.66 120
SEIRAH 4 EESL 68.34 - 331.66 - 120
SEIGA S TEBT - 174.55 - 225.45 120
SEIRA 6 TEAzEt - 174.55 225.45 - 120
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Table 3 Changes of pH before and after mixed anaerobic
fermentation of Cabbage residue juice

iR K EERT pH KW%JE pH
SEIGAL 1 7.1 7.3
SEUGA 2 7.2 6.9
SEIGAH 3 7.2 7.6
SEIG Y 4 7.0 6.5
SEIG 5 7.1 5.6
SEIGA 6 7.2 5.5
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Figure 3 Degradation rate of cabbage residue juice before and
after mixed anaerobic fermentation
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Figure 4 Change curve of gas yield per day in mixed fermentation
of cabbage residue juice
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Figure 5 Change curve of cumulative total gas yield of biogas
produced by mixed anaerobic fermentation of cab-
bage residue juice
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Table 4 Microbial sampling time and sample number
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Table 5 Alpha diversity ( OTU level)

FEA Shannon 84§ Simpson $5%% F£EE (Chaol) Good’s coverage/%
LX1 1.20 0.364 37 100.00
LX2 1.24 0.318 35 99.92
LX3 1.23 0.328 23 99.95
LX4 1.26 0.320 27 99.97
LX5 1.31 0.308 42 99.94
LX6 1.28 0.308 32 99.96
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Figure 7 Relative abundance at class level
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Figure 8 Relative abundance at genus level
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