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RERETKEERGHEZILA, [ VFAs (Volatile
Fatty Acids) 5 K EEH R~ 3MIER, 55 S 80K
Bahig. R PR AL, R,
TR T KERRIGHE 5T . A8 % 2 RS AT
IREKEE, 76 TS (Total Solid) N 20%%&44- T, ZBFIH
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(it 2 )7 308 3t 00 28 R RS AT R A % T 11 ) I 38 3o 94 94 1 9
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MR R B R VS B R BRI T 2.0
5 TRV FOR I, AL ) 1388 o ARl = T A
PR RAR R AL N EE T 82.6%, b &0 Bt
T 41.8%. FRAY rh R DT 32 6 0+ IR SR
JA BN AR AT E R, T AR A TUR A A
X MY SRR G KD N A YIERRE L
ST, T PR R A IR 5 SRR S
PR S B AR S A0 (W1 VEAs) (1125
BRIE AR AT T o

PR, A6 A S AN TR RS AT R By, i
BRI Xt b7 JZ 4R AR & R 5 30T BT R 8
AMERE, SRR FEOR DM 2 FEA T 3UR R
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SHT LG IE, WREYIREE 2 55 T 1
WAERK R, WEFCE A R o AT R B IR, 2
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1.1 RIE#H

TS FH R 2R KRS AT I B R T 7 7 X A AL
FeHEY, H PP EEREIEAT T (4£1) CUKAE T . FORFEAT R
T4 1.0~3.0 mm, FRCT THEHE KA. HF)EE S5
ER—MRIRET K G RRY . Sy R
bR W2 1.
1.2 REERE

I3 B O B LR UK BERE, A LIS I,
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A% 200 mm, &% 750 mm, ARAEM 11 L. KB
MR T s E 2R, BREOEAZ 15 mm, T
RV E RS COMHES D, R R T A A R

xR 1 ROFNEF R IR LIERR

Table 1 Characteristics of substrates and inoculum

. i pERT/ pEv
e BEE SRR
JRRH . . : Total Total
. Total Solid  Volatile solid . C/N
Materials TS/% VS/% Carbon Nitrogen
’ ° TC/% TN/%
Jode
IGE 27.5+0.7 22.0+0.3 394402  3.9+03  10.1
Pig manure
SN
.*E'ﬂ 90.0+0.2 81.3+0.1 77.0+0.8 1.3£0.0 59.2
Maize stover
B 20.9+0.1 10.4+0.2 32.0+£0.4 3.5+0.0 9.3
Inoculum
12
I7d
LA
; 2. fFRR
3. REEE
//_ 4. WFEE
',i 1. Gas-sampling port
2. Exhaust port
3. Fermentation chamber
4. Sample outlet

B REBRELMEE

Fig.1 Structural diagram of fermentation equipment

1.3 Rt

DU ZE A TOKFEF A K BEIR Y (VS A 1:1D
ML 25% (BLVS iH) o #EM TN L AR M
AL 2 HAbE. Hp L Ao ZER, e R
YIRRPI¥ 7 3 4y GEIRE , RJEE 1 W iEMYT
R RBAEH, FR 1 R s =R R Oy
CA®EHE) , BEE FIREAEIL 3R, &G REMY AL
TEMZE A 3 E. M 4UNREER, KBEMAE
YRR, PR E SR B RN A . A 3 A
HE, BN EETERN 10.2 kg, RE/AR TS
N 20%, FRHE A& R FERE N N BSBNE IREI R,
EIR T REE

R RAAIET 20 LESEF, F1~2dM
ERAT '/ LBA T CH, & &5 & 2~3 d WREEFEMI T
HONBORE R AR RS, TS pH fE IR
7% & (Solible Chemical Oxygen Demand, SCOD) . VFAs
M BT FR . AKHE = O R B AR bR AR 4L,
E0d CREERD « 13d CTHED « 33d CITFEBO .
45d (1IFrB #1178 d IV B BUKBERE i T TAE)
Ry AL T
1.4 HWAE

TS. VS S E XM ZmE!, . N F 8K
Vario EL cube JCE /T OGHEATINE . WATHEL LR 3 4
W AP SRR G H A F KR 10 %,
Mettler-toledo pH 1l & pH 1H .

AR EAERS AR E RGN E. 3
SO 4 A E SRR TVFAs i & R ¥ R H
Thermo-trace-1300 < HH o BE A ) & 181,

R WEFE R DNA K Fast DNAs Spin Kit (Mpbio, 3%
ED WA &, @il RE S 6 )E T (Nano Drop
2000, Thermo Scientific, Wilmington, ) Jll5E DNA
WKEE . 4 DNA BB, LSS5 & DNA JRASFATRE S
EAHRTFERRY, CBIBRARERIEETAEY TR (R
A IR 2 w) BEAT RAE 53 2RI P (Miseq 2x300) , il
FPRBENAR A B, P 4u B3 51900 341F-805R,
FEHGE T B A1 51900 349F-806R .
1.5 shfFiRa

IR F 8 1E (1 Gompertz FE AU Rl fh 7 %
Rt P b ) AR VS e R, BB 5 R LD

P:Pmax~exp{—exp[%(l—t)+l}} (D

Kb PR ¢ BEZIXT R R VS HEEF=Z, mL/g; P
NIRA BT VS HEH, mL/g; Rupa NIK VS P2 H
R, mLAgd); A NIRAEIH, d; ¢ ARTE], d; e N 2.718 3,
MR P A B RO 45 SR P R B AR P B K VS PR Gl 2R
Rppax PR3 A

2 HR5iR

2.1 FEHERM4%RE

FRGE P2 22 I B T DRI ZE W] R R PR R A %6,
W BT R R R P e Be i — AN EESH K 2
VS = S e B A B I TR AR AL A L, L4
B B REAR T M 4. Bl 2a w40, LA HE KM
] FR o = 2 AE R B AT S PR =, 2256 11 RIA 24
XAERE (3.1 mL/g) o 1 M 4 H kPR A F b=
RIEEE 2 KiAF] 1.0 mL/g J5HEFEK, 25 2MEET
s, fEREME 74 KIEF) 0.7 mL/g. MHET L 41,
M ZH [ e I HAR e I TR R, X R B S 52 3
FEE A . ERER R, 5 b A B A
(10~15d) HL/KMRE (24~36h) FIF“EZE (80~90 h)
AR, RA A R MY SR SR,
7= BT B AN e S AL R AR RN A VLR, BRI S
SZRRAN R, TR R RCR

VB R R e Rk B g e KT TR 1 I TR AT DA
WS B e T R ) o S R UL 1 2 b 2 iR
1) B e F e SR B A TE 59% B, (HE DI (Al
BRI 2. LTS 20 KIEZE] 59.0%, 15 F b &
I HAE 54.0%~66.0%30 Bl N30 o T M ZH I 62 o &40
HAERT 58 d (KT 34.9%, BARIELEH (35 78 KD B M 4
B HR e o 7 B 58.1%, B L HAEIR T 58 do &R
BH 73 J2 52 T e % 12 33 A2 W0 % e TR JE 4D 1 i 3% R AR
RN NTE =1 b

2 AR 2T SR AME IE R Gompertz #5256} AR
VS BRI A SR . WFRATR, L 4L M 41/ R 435
9°0.998 F10.991, FIIEERLF. L ARRHHTA 109 d,
BM LRI T 86.3%, 1X RIS ZHAAM ] SeElH
FPRE T REEIPSE G 5h, IBRENE A s> K el 7E
PG AT, L 2B R A= F e 2 FH S fw
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SRR RANEE AR =250 3.8 F1 211.5 mL/g, 7-5Hl#2&
M 4 2.5 {580 6.1 fi5. Horr, BRUERMER AR F
THFIkE AT 45 508 (198.1 mL/g) o ARI A H IR

KB, HAEREA 25%, KT Eikur 7™ 40% %R EE,
T W, B R EMEERRAIEERI L R, U Rea5E R
TREERERRR, $RE TR,

=70 16 £ 70p = LR HCH, content
EP B~ E golg O HHERIER G T5E o~
£ i o'b 2 Daily volatile solid 5 g
3 50 1483 ’é S 50H methane yield 23 _é
= 30} ==2 300 {os=g2
< P?gEz2 § 29
i 20] xZE =20 RZE
=10t £8% = 0f $8%
& 0 LEQ E R A & n A \ A \ 0o = g
E 10 20 30 40 30 60 70 8 E 010 20 30 40 50 60 70 8
I 1) Time/d i 1) Time/d
a. LAL (432 HeRD b. M4l CRAHRD
a. L group (Layer inoculation) b. M group (Mixed inoculation)
B2 F¥ihuikaee TR
Fig.2 Variations of methane characteristics during CH,4 production performance experiment
%2 {BIERI Gompertz HIE2SH]
Table 2 Parameters of modified Gompertz model
N TN ez % - BN 2R E e 2 S BRI R
R , UK H e SEHE Lag - TUNEMRLE R ThR BB R
Treatments R Predicted maximum daily hase 4/d Predicted cumulative methane yield/ ~ Measured cumulative methane yield/
methane yield Ryay/(mL- g'l) p (mL~g'l) (mL-g'l)
L 0.998 3.8 10.9 217.7 211.5
M 0.991 1.5 79.5 36.0 34.8

2.2 KEETIZ VFAs TILIER

VFAs 2 KRR C I FEELAERR, e Fk
TE R R, R SRR AR BN A I e T SRRl K AR
R SRR, W 3 FIR NI, R T
Gy RSRI R F AN, thnE A RAIEREE, K
PR B R S ASWTREMA, A R VEASs TR AN T T
fe L HAESR 15 RISFZE—A TVFAs Jit S K EIE(E
(33.0 mg/g) JaHBEMG, 7551 d 58T PR, REWN
(55 78 K) MRAZRWN M VFAs EABHFEE. 1M HTEE
15 KI TVFAs JFUEKE N 29.2 me/g, BL/EAWiTHmif
£ 29.2~38.5 mg/g U H A WEN. EE, KEAKERHN VFAs
WL 10 000 mg/L B, £ FEAARN pH EMK, X
pH (MK T 5.5 HF, 72 B o B O3 P 8 4 32 i 20 A
WG, LA M 41/ TVEASs S IK FE 73 I 7 K R 4~
36 F 4~78 d B SCER A I HIAR EE (10 000 mg/L)
B L 47~ el R 52 W S XN, 4 2R
J7 2 R AR AR, R AR R
ARGV FE IR JE PR A B VFAs.

ZIR TR AN T B2 & VFAs t 3 Fh i 7Ry (3% 2 1 i iy

35 " .
P 1% Acetic
301 B 7% Propionic

T Butyric
HAhOthers

[3e)
(93
T

VFAsHK
[\)
=

VFAs concentrations/(mg-g™)

40
Ff 1) Time/d
a. L4
a. L group

VFAsKE

VFAs concentrations/(mg-g™)

80

B2, H RSN LA 3. Kl 3a nAN, L AW
LR T BRI 5 TVFAs AL, 7255 15 RikF|
JREWREIEAE (6.9 A1 12.0 mg/g) JE AWIFEAL, L2
PR RS RN T BRI /A4, BRI BIRE .
TEREN 4~45 d, L AN EIRELERTE 3.3~
6.1 mg/g, HJGHMEEMG, FRBESE R SR 4
(0.2 mg/g) - M AN EWRELE 10d j5—HYERAE
4.6~7.3 mg/g, KWFRAETHB™HFINRINR . EREK
B, WERFEAGEZRNG, ZRAERR, REKREEEN
800~3 000 mg/L, I T B AT 77 FR e e e .
AARIG, L A M AR TR R T SR P 4 A E R ) 4~
45 F110~78 d 8 H SCHER A HRGE BFHIR EE (3 000 mg/L) ,
HRAG M A5 52 20H 2 (B 2b) « IXATREEEN,
oy E B 7 AE M PAE VKRR AL AR R R, RS
v A F PN OGS R I A R A2 R B, TE R A R R LR
FETFARSR AT IE 8 72 13— 30 3% B AE AN 70 v R 4100 1
M EARTTRER O/, T F RS S R R, RO
PR = F e v o BB v, tBARRR T L 4LfE N R
TR E NI =R Br (K 2a)
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Fig.3 Variations of concentration of VFAs during the experiment
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2.3 AEBUEPMEDEEZZHEMESSEHNTL TVFAs i &R E A TR EKTRERE . M A8
2.3.1 WMAMBKEZHM FEEEEN RSP AL, HEE SN AT

AR A7 SR 40 B A R R R R 2 AR
g 3 fizs. B Chao M1 ACE f8%0n] 41, 2 4 Kk
RPN BRI R R R R AT Y B 5
B REH . LA HEEEEEEmmES, X
AIRERH T 7 R R ER RN, R (FhF XD
AR ORPIIX D B34t TR 2 g 7= i, £15
93 2 A A A A A K SR A, R T 2% 4 4 B R oy
HHFEFEERS". M Al FHRRARRE™E, 4
WERT I (I~11 BB MIZEKEZ B, £ 55
B, SR (MI~1V BB BE A Y3 & M AR &
WIS, FEEZHE, XH2EE 3a T M AR

T~ 11T Ffr B A oty 1 B 8 A /NI B BT, I Hh IR
e Bt 5 (2 32E o 1 1) = B 92 22 Shannon 4 B0 R
MR R Z AR SR, AR R 2 AR 2T
m S, b L AR 2 R LA H 2
FEPE S AR 2 DU [ AR e % . R IR AR B IR R,
AR 2 FEE R, P R R o AR R
JE R TT RIS REVE R R
Tt IRA PR R RE . kel As, 2=
PR RE S i AR R N TZE D B R 8 L AN 22 R A, ek
IR 2, DB e W b ™ SR QS A 2%, XS
SIPERINEE St e

x3 AEMEREMNFEEMS HFMEER

Table 3 Richness and diversity of bacterial and archaeal communities

2 1

H “H1H Bacteria

W # Archaea

Sample Chao ACE Shannon Simpson Chao ACE Shannon Simpson
0 3848 5541 3.49 0.13 2 680 4199 229 0.23
LI 4688 7231 3.42 0.19 2 864 4413 2.32 0.31

LII 5675 8242 3.80 0.14 3126 53717 223 0.30
LIII 5486 8001 4.51 0.08 3091 4916 3.10 0.12
LIV 4386 5797 4.49 0.07 3861 6146 3.17 0.12
MI 4310 6372 331 0.19 2390 3561 2.21 0.23
MIl 4554 6698 3.36 0.16 2542 3998 2.52 0.19
MIII 6 025 9141 4.08 0.12 3138 5093 2.31 0.27
MIV 4966 7153 3.94 0.13 2525 4107 241 0.26

T 0 FREI LS M AL 0 REUKBERE M, CK. P ORTREKRBEN B T,

Note: 0 represents the fermentation samples of group L and group M on the day 0, CK, the Roman number behind capital is digestion stage. The same as below.

2.3.2 WMAMBELEMTA

R FE T R AE DR VE S5 AL LI 4. 7R T 20K
P, KEBRGHHE EELULEEEI] Firmicutes
(56.2%~91.5%) M & ] Bacteroidetes (1.0% ~
20.6%) NF (K 4a) . 2 ) Firmicutes FHXTFJELE 0~
I B s AR B (82.6%~92.0%) , FE[H
N Firmicutes 520 WL IR B R KRR (B B = 25
BE, AR IR 8 (T 22 e S B R R kAT
Firmicutes ¥} =FEEZE />, L A M A1 Firmicutes
FHXT A 86.6% (BB 00 73 IR E 56.2%H 73.5%
(BYBETV) U RN R T S A /K A BR A E FH ek 55 T 2
PRI M ALAE I~ By R B R Ak 5 i A o
W (7.5~9.0 mg/g) , XN Firmicutes #8XF = %
91.5%~92%, R Firmicutes -5 m/K V1 28
JR IR A B, 35 I S PO RO A R IR SR B
HI4E AL . Bacteroidetes &5 R IR A K THE I % Bt
W, REWINE R S S E R G RN, 1
PR R IR BER G, Bacteroidetes M JE Bl &
FEEEAT 2 BB S . SYIEAEL, PEH e AR
KV ERERGIR—, T H W] Euryarchaeota (5 485%f
RF, FXTFEFEAE 86.3%~99.5% EFH A (K 4b) .
TEJ& 53 FKF BRI B S5 4e B, %

HAk AR B Clostridium sensu stricto (25.5%~55.4%) .

996 H BBk )8 Romboutsia (2.4%~15.0%) FIAR 70
M (1.8%~22.7%) M. Clostridium sensu stricto
fe RMMMAYER T, BEREIEEIR R WA HLER Y
AP, 2 I Clostridium sensu stricto FA%F - 5 2 1
InJEBEAR RS, Hrb L A FEIEEE R AT E: 0:
41.0%I D> BB IV: 25.5%) o Romboutsia FIARX 3%
FEPRISH EIAF KRR, M 4 Romboutsia FIAH
Xt BE Rl R BT N 3.1% (BB 0O & i 73 12.7%
(BB V), TAE L 45 A ) 52 30 5% 39 0 i ek b 1 A2 A 72
Wi R IERIBEAT, L 4 Unclassified B J& AR =F B 21 1
o, BB IV s 22.7%, mHBEST M4 (82%) ,
{HAF 5 RN 5T
2 PR T ABTK RS EEEAKT (B 4d)

F R ERRHE, FEME B Methanosphaerula(21.5%~
60.1%) + HHELL 1 & Methanothrix (12.7%~38.3%) I
HGEERTE B )8 Methanosphaera (2.0%~23.2%) N5
Hf L 4l Methanosphaerula [FJFEXT = FE B 55 & BERS (8] 34
SN fE R/ s, T M 4LH . Hinsby 25250 5t
KINY Methanosphaerula #1%F=FFEIE NS, REWE (L IR
AT REE R E, 456K 2 WA, Methanosphaerula
FXEESH VS BHlm R B IEMHXRIKR. HRKBEAH
Methanothrix [P XT3 F5% B J B IS [R] 15 I35 5 55 58 0 5
Wb, 5 Clostridium sensu stricto A%} 3 FE AR AL AH
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— 8, XS T Methanothrix WAk 2 N Z BRI N H
Fel7, gEAE 3 Tk, BB I~ 4RI TVFAs ik
FEAEF 8w KGN (L 4: 17.4~33.0 mg/g; M 4:
27.0~32.3 mg/g) , UL XF R Methanothrix AR 32 Ak
FRmEr St (L 4 17.6%~23.2%; M 41: 37.1%~
38.3%) , FKHWH Methanothrix WIAHXIEE S TVFAs i &
WIERIEAC. L M M 411 Methanosphaera #3%§ =FJ&
M 20.7% (BBt 0) 737l PRI 2 2.0%F1 5.6% (B EE 1TV)
RIABEE RN R AE K Methanosphaera WAEXT 2 &
WikEA% . Bk )\SIREE Methanosarcina #= O HIHIME—
BEME I BT 7 B BEIg R I 77 e B, Zhi Z5128F 7t o i
Methanosarcina 5 W I " B8 A BV X K. L A
Methanosarcina WM =5 B 7EFEAN ke R A b T
B, AR B I RN FEE RS (15.5%) , 5%

—_
(=3
=3

m Other

mm Unclassified
mm Synergistetes
mm Euryarchaeota
mm A ctinobacteria
mm Spirochaetes
mm Chloroflexi

mm Proteobacteria
mm Bacteroidetes
mm [irmicutes

P D =3
= =3 =

%)
=

HHX} = J¥ Relative abundance/%

(=]

0 LI MI MII MIII MIV

KxSample

a. [ VRPE Z AR T

a. Analysis of bacterial diversity at phylum level

LII LI LIV

o Other

o Ereella
@ Methanothrix

m Alloprevotella
m Petrimonas

a Clostridium 111
m Levilinea

m Lactobacillus

= Streptococcus

m Juricibacter

m Jerrisporobacter
m Romboutsia

m Unclassified

HX}=F J¥ Relative abundance/%

0 LI LI LII LIV MI MII MIII MIV
Ff A Sample
c. JBAK T4 2 FEVE S BT

c. Analysis of bacterial diversity at genus level

A 4

100r m Klebsiella
90 = Corynebacterium
80 = [reponema
i e Clostridium XIVa
70 = Geofilum
60 m Sphaerochaeta
= Anaerococcus
50 = Bacteroides

m Saccharoferntentans

HIX}=F J¥ Relative abundance/%

@ Peplostreptococcus

HIX}=F J¥ Relative abundance/%

wm Clostridium sensu stricto

—

=3

=3
1

(=1
(=}
1

33 d IH VS HEEEE 3.2 mL/g MM M 4
Methanosarcina AR 3= FETEBEAN e i 78 v Ak T 480A1K
VAR (0.7%~5.7%) , X 51ZA M R VS Hke=3 (£
2) BARAH .

TEAMARF R, LEM M HAPEEFR =B e w
( Methanosphaerula , Methanosphaera, T %% M B &
Methanobrevibacter, HHtHEw J& Methanoculleus FE+
P H # & Methanomassiliicoccus) 5 HGH 78.4% (Y
B 0) AIFEICE 68.9%F1 66.6% (MrELIV) , X% 2
Fhaeph T R PR DEE RN E, HaE#E
Rl R B4R 2R P BEVE S5 S INASE . Zhou ZEPE Ft R BLLE
FERET KEY, BOREFRMTHIRMNE, AEF
R R w2 £ S Hgs, BAEmmEtE, X
A REAR FEL 477 B e i 1) 3 2R A

He &

o®©
=
T

(=N
(=l
T

Unclassified
Thaumarchaeota
Crenarchaeota
Euryarchaeota

S~
=
T

%)
=3
T

(=]

0 LI

MI MII MIII MIV
Sample

b 1K B 2 FEE BT
b. Analysis of archaeal diversity at phylum level

LII LII LIV

Bl Other

B Nitrososphaera
ethanobacterium

B\ /ethanospirillum

B\ /ethanomassiliicoccus

B (/nclassified

W\ /ethanoculleus

B\ ethanosarcina

Bl Methanobrevibacter

B\ /ethanosphaera

B\ ethanothrix

W \/ethanosphaerula

o«
(=]
T

D
=
T

S
=)
T

[}
(=]
T

f=]

0 LI LI LIOI LIV MI MII MIII MIV

FfASample
d. JEACT B 2 R AT

d. Analysis of archaeal diversity at genus level

A A 11 By 0 KT L REIR L A 3 AR AT

Fig.4 Analysis of bacterial and archaeal diversities at the phylum and genus levels

2.3.3 MRAMARLELEM Y EFHSHT

Kl 5 O 2 P Ty 20T 1R %% R TR B 20 1 A0 ol T R
an (PR R . X TR V%, Clostridium sensu
stricto TEANEVRE S et i . mAE & TR
Methanosphaerula 76 L 20 (1A AIM 2H (0, 111
IV B 4583, Methanothrix £ M 20 (1 F1 11
BrBO AR . SIAMERE O REA G 1 IR
IS, 2 HAE R B I~T1 MR B I~V 20 1 R B A
HR A I AT AR
2.4 TLRDH

K TCR BT 50 IR 2 Py SOR TR R A5
Rl STAE R V& S5/ AT o0, a5 R L 6. AT L 44
KRR Z (K 6a) , Axis] Bl A1 Axis2 Hih 73 AIAERE T 72.3%
AT 17.3%78 S 1, A b i A R v T AR R Eh K 3
N SR pHAE TNER, S0 Rl A A 4544

s

B E BB R 7RO, HX AR i 45 18 B 1 ik
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Influences of layer inoculation on biogas production and microbial
community in solid-state anaerobic fermentation of pig manure
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Abstract: China is a large agricultural country, livestock manure is both agricultural waste and resources. Among the many
treatment processes, Solid-State Anaerobic Digestion to produce biogas is one of the effective measures to realize its resource
utilization and solve environmental pollution. While high Total Solid (TS) content causing a reduction of methane yields or
failure of digestion process because the accumulation of Volatile Fatty Acids (VFAs) resulted in the inhibition of methanogens.
At present, the research on VFAs mainly focuses on the aspects of co-substrate for digestion, leachate recirculation and
external buffer material to increase biogas production. The inoculum has an important impact on the tolerance of intermediate
metabolites and the start-up time of anaerobic fermentation. Previous research mainly focuses on microbial acclimation and
feedstock/inoculum ratio under the premixing inoculation method (fermentation after mixing the inoculum and substrate),
while the exploration of different inoculation methods for SS-AD and the correlation between the dynamic changes of
microbial community structure and metabolites (such as VFAs) need to be studied in depth. In this paper, the biogas
production performance and micro-ecological succession law of pig manure and maize straw in layer inoculation and
premixing inoculation fermentation were compared. A pilot-scale laboratory experiment was performed in a self-made vertical
plexiglass reactor with a total volume of 11 L under feedstock/inoculum ratio=25% in SS-AD process (TS=20%). The result
showed that, the first peak of TVFAs mass concentration in layer inoculation system reached 33.0 mg/g on the day 15, and had
a greater decline until the end of fermentation. The mass concentration of TVFAs in premixing inoculation system was varied
in the range of 29.2-38.5 mg/g on days 15-78. The cumulative Specific Methane Yield of layer inoculation fermentation
reached 211.5 mL/g is the highest. CH, yield in layer inoculation system was mucher higher than in premixing inoculation
even with the same substrate, which indicated that layer inoculation can lead to the comsuption of VFAs over time, make the
process run effectively, and reduce the startup time. The SMY of premixing inoculation was under 1.0 mL/g-VS during the
whole experiment. In layer inoculation system, the biogas CH, content ranged from 54.0% to 66.0% after day 20. The CH,4
content in premixing inoculation fermentation showed a rapid increase after 52 days of digestion and reached 58.1% on day 78.
High-throughput sequencing results showed that hydrogenotrophic methanogen was the dominant methane production
pathway during SS-AD of different inoculation methods. Layer inoculation can increase the richness and diversity of
microorganisms in the fermentation system, and the community structure is more stable than premixing inoculation. The
results of cluster analysis on microbial diversity showed that the difference both layer inoculation and premixing inoculation
system showed good similarity in the bacteria and archaea samples of stage I~II and stage III~IV. Further analysis showed that
the main environmental factor affecting layer inoculation and premixing inoculation are acetic acid and pH value, respectively.
The results of this study provide a scientific basis for alleviating the VFAs inhibition of SS-AD of livestock and poultry
farming waste and increasing methane yield.

Keywords: fermentation; manure; microbial community; layer inoculation; premixing inoculation



