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Abstract: To explore the relationship between process stability and microbial community in anaerobic digestion, organic
loading rate (OLR) disturbances were introduced into an anaerobic digester treating food waste (FW) to induce different
process stages. Physico-chemical analysis along with the 454-pyrosequencing microbial technique were performed to
monitor the responses of state parameters as well as the dynamics of microbial community. Results showed that balanced
community structure ensured the stable operation of the digester. Under steady-state conditions, the methane yield reached
(0.50+0.01) LCH4/gVS and volatile solids (VS) removal rate reached (89.58+0.08) %. Under high OLR conditions, the
relative abundance of acid-producing bacteria (phyla Tenericutes and Actinobacteria) increased dramatically, which
induced the proliferation of syntrophic fatty acid degrading bacteria (class Clostridia), while the abundance and activity of
syntrophic hydrogenotrophic methanogens decreased. The imbalance relationship between methanogens and syntrophic
fatty acid degrading bacteria caused their inefficient syntrophy, eventually resulting in volatile fatty acid (VFA)
accumulation and process deterioration. Moreover, the accumulated VFA and ammonia reduced the specific acetoclastic
methanogenic activity (SAMA) and specific methanogenic activity (SMA) by 60.12% and 72.51%, respectively, which
further deteriorated the digestion process. Although the digester afterwards recovered to its original operational conditions
and process performance, the microbial community profile changed and achieved new steady-state conditions.
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Table 1 Physical and chemical characterization of

substrate and seed sludge

IALRHIE S S AR b 5
pH 1 6.4+0.2 7.5+0.3
RUE RS H(TS) (%) 28.41+0.66 9.08+0.14
FERPERAF 7 VS (%) 26.47+0.65 5.38+0.08
VS/TS(%) 93.19+1.58 59.24+0.31
B E(C) (%TS) 53.3240.11 27.55+0.35
HEEN) (%TS) 3.62+0.05 2.84+0.08
& L (C/N) 14.73+0.24 9.72+0.39
R A FU(%TS) 19.96+0.34 -
U (%TS) 19.87+0.21 -
WK P(%TS) 53.36+2.10 -

RS PI=VS/TS- 8 A RN, “-7 FoR RIATIE.

BAT WA — P ) O N BN IR e
30L, H- T £ 1 J . B 5 e o 2 BB AT P 3% 4 20U
IR AR 3gVS/L-d).ds AT id R, N g
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A 8h.
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Fig.1 Process performance of the anaerobic digester
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Table 2 Statistics analysis of microbial sequences in

samples retrieved from different operational stages

) BAT . FEE SR ORE
w0 sl oTu T !
i B ACE  Shannon ¥
1 6625 173 192 3.14 0.9955
11 6614 189 212 3.66 0.9950
a1
I 7256 215 239 3.8 0.9949
v 7789 196 238 3.34 0.9937
1 6221 35 36 2.01 0.9995
e 11 6552 32 36 2.05 0.9992
i
I 6879 31 32 2.06 0.9997
v 5892 33 40 2.30 0.9990
2.3 Wpgi gt i
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Fig.3 Dynamics of methanogens at the genus level
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Fig.4 Dynamics of bacterial communities at the phylum

level

HH ] 4 F13E 3 W], 4UAT 147 ] (Bacteroidetes)
JEEER ] (Firmicutes)s  £¢75 1 [ ] (Chloroflexi)-
WEJ5E TR | ] (Spirochaetae)« L. 71 [ J(Synergistete)-
HAHMIBE [ ] (Thermotogae) 2l B8 ] (Tenericutes)
FHRE R T ] (Actinobacteria) e J M 2% A 1 3 S 41
BT I(ERDAE AR A R R T 1%).X 5
Guo 25PVK Jang AlVFE A B 3% R SE AL R B
eRRSI 2 R DL AT AE A 7 AR b AU B T
R JEE B BT 1 A2 A% BT ) 0 ) e T B A W, R AL
AD R rp e A KRR, 32 2 KRR
Y B AFAF T T T Bacteroides & kTG £ 41
Y= RPN Petrimonas & R RERER, 3 B4R
W 4R A AN K vadinBC27 A
Proteiniphilum J& W J&: 5 11 J5 5% 28 i 19 At i .
JERE B 1] (42 14 29 (Clostridia) B 7K fif B2 16 o, 38
WATEA T LR R AL HAR KR R
Syntrophomonas W] 5 % 47 FUGE B B8R 25 Fh
HHR A Hy MZ R 5 — K8
Syntrophaceticus WA LFREFATH, 1TK L1853k

& Hy Bl COPLH IR T KRR 14
P Carballa 25°Tf1 Jang 251 e AT OAFALE
RE T RS R IIFE LRI BE e 1 1] AR
J& Spirochaeta FAT WA HIHEER); Treponema
WAL 5 [F) R P IR A, T Ak Hy R CO, 1 &
TP BT TLL 060F05-B-SD-P93 WAL HK S, AE
PR RN G, Y SR B AR LI KA 1B RO
PRAR N2 2R BB T 1A T F B2 Ak
B B, T g LR TR e B SR DY R 1
PRI 2 SRS R, BERF A BT B3l VFA,
BB 1A Lo e e A R,
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Table 3 Taxonomic compositions of bacterial communities

at the class and genus levels

B J AL M)
LTIB TBE IIRB IV R

B 8.18 2682 45.19 4553
Coprothermobacter J& 0.05 0.12 1.54 1.62
Fastidiosipila J& 1.69 3.69 2.83 0.62
Gelria J& 0.53 0.30 2.60 3.33
Sedimentibacter J& 0.24 1.22 0.47 0.08
Syntrophaceticus J& 0.00 0.00 243 1.26
Syntrophomonas J& 0.50 1.78 1.68 0.89
R RN 27.58 2316 2743 3171
Alkaliflexus & 0.14 1.24 4.26 0.60
Bacteroides & 2.84 1.30 7.57 0.77
Petrimonas & 18.85 17.54 6.92 3.50
Proteiniphilum J& 0.78 2.59 8.57 26.37
vadinBC27 J& 433 0.17 0.10 0.37
LI 6.48 3.98 7.65 4.57
Aminobacterium J& 0.08 0.21 1.78 2.03
Thermovirga J& 4.82 2.24 3.25 1.13
URBE IR 8.27 6.95 229 1.40
Spirochaeta J& 2.87 3.07 0.41 0.40
Treponema )& 0.50 3.28 1.47 0.86
AR 0.11 0.00 0.30 1.54
060F05-B-SD-P93 & 0.00 0.00 0.30 1.51
TN 0.08 13.31 0.80 1.66
Acholeplasma )& 0.08 13.27 0.80 1.66
TR T 0.33 1.41 0.37 0.05
Actinomyces J& 0.29 1.36 0.33 0.03

X LV % i B 2 T F 38 R ) 25 mT i, R AR
HRP R FR) R I TR 1D AT 0 T 1 = B SR 38
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Guo 2558 7 8 41 4 1) 4 ot 11 S IR AR M 1K 2R B
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201 H 5 P I, B A e
F= FE RGP B 2R X M s ) T R Y
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I, [F) 2 7= PR B — MR 52 3], 7
s N, BT A BRI T b B
ANEAT Se 4 502 AR 117, Wang 2P0 22 81 46 47
H, AR TG e AD N 4% W, Treponema F
SN R AL AF. Siriwongrungson Z5PHET
MR AD N A ORI R 8 = R e AE =
FEIBALPAN I IO T, 728 9 AR AR T I,
7 Ho 7 5 S S I FE S8R SR B 1 e
B, Treponema AF A AES B AT A4t L2 mf
DLEER 1), X EE R TR R AD HIERMALIRIUE
AR, XM F AL I B B FH 1E L 2 B 3K 2
KA Treponema ¥4 2 31 Hy et T LR,
LR IY = FV e B 1R 3% 1k B0 A 52 21 T 5w, e AT )
FETGVEHFES 2 1) ORI 4 330 T VFA BLE.
PSRN DB E o T R R A R — 2
BN, R N A R BRI VEA HIZE M 1 #E.1X —
7T 2 PRA TR TR T D AN S JE T 1) 48 77 IR B = 2
NBEVFA RN T TR T RSN
SMA B0, A8 &0 ) 7= A= RIS FE 2 TR IA 21 7 -1
5 0[] IR 40 TR A ) 35 7 SR TR ) e % R 1
kKA Bacteroides R Petrimonas J& W)=+
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