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Microbial community response to volatile fatty acid inhibition in dry anaerobic fermentation

WANG Siqi', ZHANG Kegiang', KONG Dewang’, GAO Wenxuan', WEI Hong®, LIANG Junfeng', LI Jiajia', DU Lianzhu'

(1. Agro-Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. Hangzhou Energy
Environmental Engineering Co, Ltd, Hangzhou 310020, China; 3.Huabiao(Tianjin) Technology Co, Ltd, Tianjin 300392, China)

Abstract: This study investigated the effect of volatile fatty acid (VFA) inhibition on microorganisms in a dry anaerobic fermentation
system. Pig manure (group P) and a mixture of pig manure and straw (volatile solid ratio 1: 1, group M) were used as raw materials for this
experiment. The microbial community response to VFA inhibition was analyzed by combining gas production performance and physical and
chemical indicators. The results showed that both fermentation systems were significantly inhibited by VFA, where the inhibitory effect of
group M was more obvious; this was reflected by its specific methane yield, which was <0.99 mL - ¢™". The results from high—throughput
sequencing showed that under VFA inhibition, Firmicutes was the main bacterial phylum in the two fermentation systems, and the most
abundant genus was Clostridium sensu stricto. Euryarchaeota dominated the archaeal community, whereas the hydrogenotrophic
methanogen, Methanosphaerula, and the aceticlastic methanogen, Methanothrix, were the dominant genera. Hydrogenotrophic

methanogenesis was the principle pathway for methane formation in the co—digestion system. The main acid inhibitors produced in the two
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systems differed; in group P it was propionic acid, whereas it was acetic acid for group M. In this experiment, the mixture of pig manure and

straw had a stronger acid inhibitory effect than pig manure alone. Additionally, the synergistic effect of bacteria and archaea was hindered,

seriously affecting the gas production performance of the system. The occurrence of acid suppression greatly influenced the succession of

bacterial flora.

Keywords : dry anaerobic fermentation; volatile fatty acid inhibition; pig manure; straw; microbial community
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AL R AE Y REIE I T B, 2010—2015 48 BRI IR
AT A BEALBREE 138K T 509, b B 5 DR AR K T A
W 35%"%, FERRE RAE T L REE G R EAN, A E
N B B SR IE AR YRS AT S HLE S A B A T
TEAE AR 00 T AP, DRAAT R e Uk Bk vl
A AR (30~40 °C) JEIR(50~60 °C) K%, Fi 8 & i
FEAL o — BB P B sl 2 Bril b, LIAO SE7EIR
SCTH AR R 2 R G A Ry 2K, S AL GE AT
PRARIE A R [T 1A 5 5 4.29%+0.49% )RR LL , 55 1 R4
b R A & 5 ] 15.7%+0.4%) TS 77 i35 1 1.85
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Table 1 Characteristics of substrates and inoculum
RWEIEUEL Material S A TS/% PER M BA VS/% Cl% N/% CIN
pr Pig manure 27.5+0.7 22.0+0.3 39.4+0.2 3.9+0.3 10.1
FEFF Corn straw 90.0+0.2 81.3+0.1 77.0+0.8 1.3+0.0 59.2
PR Inoculum 20.9+0.1 10.4+0.2 32.0+0.4 3.5+0.0 9.3

1.2 ELHigt

ARSI VIGO0 TR, AR T B R AT
KRG TENT G BEEIE ISP A o (P) JE 3%
FEFHIR A A (M) ALK I R G0 . B 41Kk I SRR
M UERHE I 10.22 kg, BEA(TS) K 20.3% , 470 H
H25%(LAVS ) Hidh M &R BEL TP 26 FF HE R 1: 1(1L
VSit) . B A BT R 3417 BERE RIS
S 1) 2% SO A PO A BV AR R R AR, =
[(25~35)C] FiHAT KB,
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T JRAUT R RS FR TR R VA 43 8
A3AFEIN A T 3 DL SCHRT 147, K B IET A [ RS o A R 10
£ Y- )5 F pH I E pHAE
1.4 DNARENS PCR ¥ 1%
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Alpha Z#VE43 7, 118 Chao . ACE ,Shannon , Simpson
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Figure 1 Comparison of methane production performance between P and M systems
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KR VEA AR TR A S HT
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SEH P TR BT AR A A 45 R TFIR TR JF R
54 dHFEE A MA TREESHASB IS JEHEK
P2 o — AR5 1E 9.49~12.68 mg- g, 45418 1 al 1,
ARSI TR AT BB AN 2 1 | A IR A0 S AL

_ _E-
g o-E-m N

g

j_.\x.i:::-\-/i\ﬁﬁﬁ—ﬁ*\H)

0 10 20 30

40 50 60 70 80

FsJ 18] Time/d

B2 REFREEIED pHEL

Figure 2 Variations of pH during the experiment
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Figure 3 Variations of concentration of VFA during the experiment
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% 9.8 mg- g, & WL oI 2k 5 10.58 mg- g,
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Figure 4 Shannon rarefraction plot of archaeal and bacterial communities

BRI T RS S PREE T AT IR R 1 2
Shannon $8 %05 Z £ 5 IE A ¢, Simpson $5 505 2 A
R 2t Sy o < [ R K [ P S N il
MR 2R EA G P AL, B & T 5 3 (I~ IV By
BOOTU 3 AT o) B B FEAIR . HRGRRW] IR
BRI R Pl E RIS 4 M R A B A i 24
PR A 5] BE R TR . R VFA LR 1
7R GE I R A T AR T R

P 5 MA L FHAZR Pl RRFATEN ] R F
HI A EE RN 5 Fron o AR 1K B 32T 2 R e
BT, Hod 7 1T (Euryarchaeota ) d 46 %50 A6 3, 41
Xt 3 BEAE 95.41%~99.66% , 51 1H B[] (Crenarchaeota)
2515 0.23%~4.08% i C 8011477 e iy B 32 22 IR
T Euryarchaeota, fE ¥ X EIH AL i R b 73 i K oA
HLA 7 H2 1 2 TR Ho  COL R BRS8Ny 7 1) Jo e 8
R RER . FEJR K b e CIRE TR LA e 22 T
J& (Methanothrix ) 55 205 3R HBE TR & (Methano-
sphaerula) P B BRI B J& (Methanosphaera) VL N W %5

JG AT )& (Methanobrevibacter ) J& 2 AR 2 W AT 3 T
J& . Hd, Methanosphaerula EP T Tt EE 45.48%
JEARFFAR X RRE | T AE M 4L A MO (1 43.04% AR 2
M T M A 28.23% F121.49% ., HINSBY %52 (% Bff
552, X4 Methanosphaerula #8% =F BEHS BT, GEA {2
HEDRAAT Al e B, 45 G 1, M2 R R B 5
AU, HOZ i AR S H B e i A G,
X5 T AR A5 R — 2" Methanothrix A8 X} 3 FE
TE 24> R T 2H v B A I () 1 SiE < 52 30 2 1 s s 2
ks, a5 G 2 ATk, BB T~ 1 b VFA T it 3 Bk
T8 KV (P 4H . 22.35~26.34 mg-g'; M 21 : 24.58~
3217 mg-g™") , BUAS XTI 3% B AR X = B R (P4
21.96%~22.97% ;M 4 : 37.06%~38.32%) , 7] UL Metha-
nothrix FAXT = B 5 VFA i 0 R IEAHE . Metha-
nosphaera FUBE 14 A1) ] Ho/ I I H Be , JEi il &
PR Ho/CO S5 5, IR L & I8 i R P VFA (R
B2 AN F R T A T Y R BRI
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Table 2 Richness and diversity of archaeal communities

P it Sample Chao ACE Shannon Simpson Coverage Seq_num OTU_num
PO 279526 4305.79 236 0.19 0.99 86 891 1209
Pl 2704.45 4104.63 2.18 0.26 0.99 81212 1304
Pl 318051 462941 2.69 0.21 0.99 81080 1482
Pl 2947.00 4559.17 277 0.21 0.99 72 194 1523
PV 3198.94 537091 2.69 021 0.99 87303 1533
MO 2680.01 4199.22 229 0.23 0.99 87979 1246
M1 2389.52 3560.63 221 0.23 0.99 79 662 1172
M1 2542.02 3997.93 2.52 0.19 0.99 84 407 1216
MII 3137.98 5093.48 231 0.27 0.99 80 022 1294
MIV 2524.88 4106.56 241 0.26 0.99 74 281 1 145

1% WHART]
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Figure 5 Analysis of archaeal diversities at

the phylum and

genus level
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X M2 R BEA FR LB FR A i £ .
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() oty B 20 B 0 v — B A A AR AR UL R
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PO~ I, AT UL M ZH Aif 39 A 7K i R AL B B T 1A R N
FRAMAN RN o XF HE 3R 2 FISR 3, TCig 2 Bl U T il J2
TR R R MRS AR+ o B W 2 s T
T

P2H5 MZH R R R A RIS LET ] R K B
H AT 25 R A& 6 o o JEBERE ] (Firmicutes ) j& 3
LR E ], M X T AL 73% LU F B ik
92%., H UK J& LFF B ] (Bacteroidetes) , 15 0.99%~
16.51%, B H 1] (Proteobacteria) i & L AT 6.76% 1]
g7 H o Firmicutes [] 22 0 K il BUAN 1A , 32 22 B8 24
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Table 3 Richness and diversity of bacterial communities

P i Sample Chao ACE Shannon Simpson Coverage Seq_num OTU_num
PO 4305.63 584891 3.99 0.10 0.98 66 189 2613
Pl 4753.13 7095.21 3.65 0.15 0.99 44216 2345
Pl 429956 6995.58 3.47 0.18 0.97 42835 2105
Pl 4862.72 7221.84 3.98 0.10 0.97 46 242 2392
PV 3630.85 6 105.42 3.79 0.10 0.97 40 209 1730
MO 3847.85 5540.56 3.49 0.13 0.98 47 846 1943
M1 4309.93 6 371.60 331 0.19 0.97 46 557 2027
M 4554.15 6 697.89 3.36 0.16 0.98 51596 2124
M 6024.85 9141.25 4.08 0.12 0.97 49 124 2842
MIV 4.966.34 7152.92 3.94 0.13 0.97 46 867 2507
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Figure 6 Analysis of bacterial diversities at the phylum and genus level
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Figure 7 Ring diagram of phylogenetic tree of archaea and bacteria
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Figure 8 Redundancy analysis of mono—fermentation and co—fermentation systems
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