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Microbial action mechanism of Tween 20 and biochar on methane produced by rice straw anaerobic

fermentation system
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(1. China Three Gorges University, Hubei International Scientific and Technological Cooperation Center of Ecological Conservation and
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Abstract: To investigate the effects of additives on the microbial community in rice straw anaerobic fermentation systems, this study
researched the effects of additives on biogas yield of the rice straw anaerobic fermentation system by adding Tween 20, biochar and their
combination, respectively. The microbiological mechanism was revealed by measuring the biomethane yield as well as the microbial
community diversity and structure of each treatment and analyzing the relationship between the biomethane yield and microbial community

structure. The results showed that, the additives significantly increased the biomethane yield of the rice straw anaerobic fermentation
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system. The biomethane yield of TS (Tween 20+biochar), T(Tween 20) and S(biochar) treatments increased by 390.67%, 182.07%, and

109.56% compared to the control, respectively. The additives significantly enhanced the diversity of bacterial and archaeal communities of

the anaerobic fermentation system during the later stages. The Shannon diversity index of the bacteria community in TS, S, and T treatments
increased by 28.16%, 26.45%, and 6.27% compared to CK, respectively, while the Chaol richness index increased by 3.75%, 6.24%, and
24.31%. The Shannon index of the archaeal communities in S, TS, and T treatments was 11.58%, 5.62%, and 2.64% higher than CK,
respectively. The additives also altered the composition and structure of dominant genera of bacterial and archaeal communities in the
anaerobic fermentation system at the later stages, especially the archaeal community by increasing the relative abundance of
Methanobrevibacter, Methanosphaera and Methanosarcina and decreasing the relative abundance of RumEn M2. In conclusion, three
additive treatments enhance biomethane production in anaerobic fermentation systems by improving microbial community diversity during
the late fermentation phase and optimizing the compositional structure of microbiota in rice straw digestion. This microbial remodeling

reinforces methanogenic metabolic pathways and increases methane production efficiency, with the combined treatment of Tween—20 and

biochar demonstrating the most significant improvement.

Keywords:rice straw; anaerobic fermentation; additives; biomethane; microbial community
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Table 1 Physical and chemical characteristics of

fermentation substrates

KRBT RREE BRI 58T BA
Fermentation  Total Volatile Total carbon/  Total nitrogen/
substrate solid/% solid/% (g-kg™) (g-kg™)
KFEFERT 86.96 69.85 386.46 5.67

LiES 21.58 15.52 85.70 11.28

LA IE 5 2. RIEREITT 5 3. W 5 4. KW 3 5. RAEAE 5 6. 102857, AL
K 5 8. A 5 9. KR ; 10. 250
1.Sponge plug; 2.Fermentation substrate; 3.Fermentation broth;
4.Fermenter; 5.Sampling tube; 6.Rubber plug; 7.Seal clamp; 8.Gas tube;
9.Water tank; 10.Gas cylinder.

Bl REABEETER
Figure 1 Schematic diagram of the experimental setup for

anaerobic fermentation
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Table 2 Experimental treatment combination

pisi] IKTFERGFT TR B KT AR ikt 20 ERXp
Treatment Rice straw/g Biogas slurry/mL Pig manure/g Paddy soil filtrate/mL. ~ Tween 20/(g-L™") Biochar/g
T 120 1 000 100 1000 0.25
S 120 1000 100 1000 11
TS 120 1000 100 1000 0.25 11
CK 120 1000 100 1000
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Figure 2 Methane production efficiency of anaerobic fermentation

system with different additive treatments
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Figure 3 Changes of bacteria and archaea community biodiversity in anaerobic fermentation system treated with

different additives along with fermentation process
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Figure 4 Composition and relative abundance of phylum in bacterial community of various anaerobic fermentation systems
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Figure 5 Composition and relative abundance of genus in bacterial community of various anaerobic fermentation systems

TR TRARRT F= BEREAR . 7E IR AR BEIG 91, TS .SFIT
AEBE DR AR R R GE ) b TR T 1A E 5 CK AR
ﬁ%‘ﬂiﬁu T 49.944 37354 EH 43S 11214 F 4
15, f# Halobacterota [ AH %F =F JE 43 S B im 1 0.80 4~ .
7784 E 43w A 4.60 0 43w T E BT R T T AH
XA B CKAREL A3 50 1 48.70 4> 143.27 4> F 43
SR 1381 E 43 4, £ A0 B TS B 4E F fe o BH A
2.4.2 K B AN F AR R

TN IR DR K T R 0 R VR e R R fE Y
MR T (H X 32 >49% ) 21 B % LA T = A I 2

100
5r
50F

251

FHXFHEE Relative abundance/%

T1 S1 TS1 CK1 T2 S2
AL HE Treatment

6 FABRERBREHEER I TARREBXFE

Figure 6 Composition and relative abundance of phylum in archaeal community of various anaerobic fermentation systems
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Figure 7 Composition and relative abundance of genus in archaeal community of various anaerobic fermentation systems
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Figure 8 Principal component analysis of dominant archaea genera and methane production efficiency in anaerobic fermentation systems
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