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(Ll P R2E BN S5 BB 24 B, (P R4S 0308015 2. MV A A T FR 52 R 3P BFF W B , RKEE 3001915 3. H R Ak K 2f e 24
Be, L5 100193)

W OE IR RERF A LSRR, A SR B 2 A T R MCLX R TERE AT (SS) Mo R KB FEFT (NSS) #EA T FAL PR, ffF 5% Fi b
B [0) X A A A AR 7 B RICR S 45 SRR T - MC T REA S5 i R RS A, SS 28 12 d AL P, LA 28 3¢ FLAC I 3% [ i R
43R 41.71% F129.92% , i % 15 T NSS(P<0.05) o SS HAL PR R i VEAs & 11 1 2 15 T NSS(P<0.05) , H W 4- il fE AL 3 d
J7 d U FE R B R, 43R 2.18 ¢ L' (SS)F11.52 g LT (NSS) , Hl/R 2% BRI ZE T MC1 X AEFF I BE AR R . e AL 3R 2 P i
T VEAs 77, A TRAL I (8] SS AT NSS K MR LR i 53 5l e 1 72.41% F156.23% . S AR IR R GREFFAHLL , 40 3 d kb
P, SS FNNSS Tl Ak #4425 1 F o RAH = 1 40 4R 03 T 36.86% 1 34.27% , o K 7= B g B 343731 A 21.69 mL-d ™ - g™ VS il 17.44
mL-d™ g VS, ] MC1 FiAb L REA SR o K SR A R e BE

REIA AL B TR R MCL s KGREFE ; TR PAL 30 5 DR AR T 5 8 ) 2k
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Effects of MC1 pretreatment on hydrolysis characteristics and methane production efficiency of soybean straw
CAO Yan—zhuan', ZHANG Hai-bo', SU Wan', CHENG Hong-yan', YAN Shuang—dui', BU Yu-shan', CUI Zong—jun’, LI Jia—jia™

(1. College of Resources and Environment, Shanxi Agricultural University, Taigu 030801, China; 2. Agro—Environmental Protection
Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 3.College of Agronomy and Biotechnology, China Agricultural
University, Beijing 100193, China)

Abstract: To improve the performance of anaerobic fermentation of soybean straw, sterilized straw (SS) and unsterilized straw (NSS) were
pretreated by MC1, and the effects of pretreatment time on hydrolysis characteristics and methane production efficiency were studied. The
results showed that MC1 could effectively degrade soybean straw. After 12 days of pretreatment, the degradation rates of cellulose and
lignin were 41.71% and 29.92%, respectively, significantly higher than that of NSS (P<0.05). The VFAs content of the SS pretreatment
system(2.18 g+ L") was significantly higher than that of the NSS system (1.52 g+ L™") (P<0.05). Acetic acid was the primary VFA product
in the pretreatment system, and the ratio of acetic acid and VFAs was higher than 72.41% (SS) and 56.23% (NSS), respectively. The
cumulative methane yield of SS and NSS after a 3—day pretreatment increased by 36.86% and 34.27%, respectively, compared to untreated
soybean straw. The maximum methane production rates of SS and NSS were 21.69 mL+-d™" ¢ VS and 17.44 mL-d™" - ¢ VS, respectively,
indicating that MC1 pretreatment effectively improves the anaerobic fermentation performance of soybean straw.

Keywords : composite microbial system MC1; soybean straw; microbial pretreatment; anaerobic digestion; dynamic property
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KEJEFEE  ELPE | AR A S5 2 [ R
B ESRTEM, 2018 4E [ R Ge it g s, F ER
R RN A 8 413 07 hm?, 7PN 1596 H . KE
WAk G S A KRS AT M H 65T, Han R A D RS
Bl AR A TS B K sh W ek}, IR A RS AR ELEE A 5
ot AR B, A ANTS Y T IR o K 2 T
P52, DR AR Ak AR R S A AL A 1 4 0 D6 AR A
FHRRIHG A AT AR BEVR T R () S 24 it

Tl FF 45 A T 21 4 28 JRURL DR 25 A 0% 52 4% i
A=W B g f e 15, S BORE FHK Al 2  F e it
%, = R T REFRE A AR R R . TAb A AR
BB R R A S R BT 21 4 2R IRk o e A O 1 A K
FBH WA AL AL R P FR T b B Ak A i
Jb B Ry A A TR Ay B A A P R 5 )
FEFFRIAR Het o HL e T B, AT 3G 0 £ 4 2 S5 3k ek
it 1 422 fik L2310, 40 Dai 5570 K R A5 FHRLAR M 20 mm
/NE0.075 mm, BRFUH GG 82 5 T 84%. fhAETi
Ab PR FH AR 23R 25 PR A T R A MERE AR A T, LAA
e 2T 4 2 1 AR RS, A1 Xiong 252 Bk 24 )5 vk
FIAL PR SEREFE, e 4 T 62%. ARk P
FIFH HA A £ 2 2% WA 6 ) O D BE A A= i sk, £
HERSFF I 2E W R A, B2 = R AT I B A2k e, 5 HAth
FAL TR ) A L , A Wy A 30 EAG REFEAR RIS AU
e =™ e B TE M, 2 P bR, Yan
SEOVRI 52 4 T 2 BYND -5 Ak BEK R R AT, B e
e T 20%; Deng 55" F KR 25 7 RUTC30 Fii Ak 2
K FOKFEREFHR A, B b= 245 T 807%.

MEME A R MCL A — 4 RE AT R R R FE R
R YR E AR, Bk KRR N LR
RAEYIREFE , 2 H AL B AR IS, JRORHIR S 1L
7R E VR BRAS B A AR = H MC1 X R BT AR
58 v ) R SRS AT AL BB O B W e R AT R T
ST, BT b 3 S A v 2 R MC T R AR S A 1 S i 4T
ANEFE . XK EREFEAR TR & BRI L LR
IS5 (] 1, AR 52 R 52 65 T 3R MCL X KR K B R
FF(SS) B oK K 1 K FEFEFF (NSS) 47 12 d i A= 4
AR B, A3 B R T RS A B K AR RO A, #s MC 1T
b BT L B G RE 9 2, DT R K RS A =
BEUEALR PP HE R

1 MBEFE

1.1 iRIe 4
AW AR MCL HH EAO R 22 B IR 5 5%

VA HIRE ST 2 B A R AR AFIC A gl Ko
SLE AT H AR T R B E S mm A . IREK
A TS PR I A 5250 5 DA 208 IRORHR IR 2 181 7
AR DR AR I S e , A AT S AR PR IR L3R 1

R 1 BFREMYER
Table 1 Characteristics of the soybean straw and inoculum used

in experiment

Z Parameters FEFT Soybean straw 215 Inoculum
SR TS/% 94.4+0.19 9.26+0.11
P 52 M R VS/% 87.3+1.87 50.97+0.03
S (DL AT TC/% 41.58+2.54 37.60=0.05
SVERLEATT ) TN/% 0.67+0.12 1.7720.01
T/ CIN 62.06+6.08 21.24+0.02
212 % Cellulose/% 47.20+2.11 ND
221 4k K Hemicellulose/% 16.30+1.74 ND
AJFZE Lignin/% 22.50+1.43 ND

1.2 R

MC1 Fit b PR & RS AR < 1) 500 mL #5 55 i
JIA 200 mL PCS 5572 5L 1 6 ¢ K EFEFF, (1)SS Zb B
MW A R ERFF R IR ILE F 121 CF K 20
min, SR J5FEFN MC1IE AL T 5 (2)NSS AbFRZH Sy B 45 4%
FhMC1iG1b B . AR R 10% V/V, R BT
50 CREFRFFHERT IR . UIRIRINE A & 1Y SS Al
NSS g%} B8, YEA T3 12 d (A LE W Ak B AR 6
AAHTE S 3K, A FHARRE1.3.5.7.9.12 d L
FE W5 R 2 T o AR o £ 24 3R 5 R AL 3
2 pHAE LA HUR (VFAs) KR it Ak 24 4
H(sCOD) & i,

TIAL PR R DR AR B : DATIAL PR R VEAs 7™
SRR AR RS 2 A, AR AR fe A MCT T AL B A 7]
MC1 FAb 3R R ARG R I FAL FE 3 d A7 d VFAs
FrE A, WAL P 12 d RS RO R 2 . PRI KR
FEFHE FIRAB IR AT 3.7 d J2 12 d B THAL IR , SR 1) T
ALFRAAR R A BN 100 mL AR5 U8, I8N 25 21K
2 R AT 300 mL, 5] )5 FE A3 min, B 07 & B
KRR BNRAE SN, BT (3522) CHFRA R . LIAGR
TR ARG IR FE N2 1, IR M R SR D
SSFINSS Zb 3 4y %of B, A 7R L RS FF S i ab P A 2R
7= HBEVERETEMY , AN AL BRI A2 3K, K e FR h
H I T8 A e ™ S S e o it R IR 23 d.

1.3 MC1 b2 F54RiNE
MC1 il b B 7 rp i 5% R RS AT F 60 CHET 245
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JT iR JE AR B, TR A BB . TS AR A
BIRELE 1 mm 07, RE0.5 g 2 F57 & 4%, Bl ANK-
OM220 T3 2 4 43 #7 {300 2 £F 4 25 - 2F 4 38 AR it
RO, NS ROGERAETI

T Ab FRAK 22 28 8 000 1+ min™ &0 10 min Ji5 U 7E
T8 AR o K pH T ( H A Horiba B-212) il %€ pH
1B, SR B RO 885 A (5 HE LC-20A , H A Il 7 #
KA LB, K F coD B 3 & I 1% (Lovibond
E799718 , #& [ ) Il sCOD™,
1.4 SEIEFRNER=RIRsh HZE5 0

R 590 K F BMP-Test £ 4t (WAL-BMP-Testsys-
tem 3150, 7 [ ) il 5 IR 480 & W v e 0, s e 0 22
TR H A A A 35 (8 3 GC-2014, H
A T A B R, SR Bl ) 2E AR T Modi-
fied Gompertz J5 F2 X} £5 Ab B 77 H e B4k E 1 7 #0151,
v (I

M:PXeXp{—eXp|: ()\—t)+1:|

Ao Mo 20 B B i mL- g VS; PN IR
KH B &, mL- g VS; R, NI K™ H e %, mL -
g VS-d s N NIERTE L d; PR, AT A BT S HE AR
R AR BAR LG KA
1.5 HiiEabiE

T2 56 v B A Ak B K G 43 AT A FH R Microsoft
Excel 2010, Origin 9.1 F1 SPSS 22.0., 75 2% 43 b7 fdi i
Duncan ) Z V5 RIR K, P<0.05 M 2257 0%

2 HRESW

2.1 MC1 T EBEEPXER/FHORRESD
MC1 7 AL 3R 3 72 v R S8 A7 e 5t 12 a0 & 1A r
TN o FEAFZ 3 12 d A REAR L SS T NSS i el Ji K 43

R, Xe

40 ¢ A KR S Bt

IS L

= -0

£ 35'—0—255
mE
EE gt
3
e o5t

= 20t

5]

= 15+

0 2 4 6 8 10 12

Bt [] Time/d

5114 39.08% F1134.29% , SS U i it i % 7 T NSS(P<
0.05) . FHFFARBTEF 4 2 o 22 L& 1B s, K&
FEFFEF AR AR AR R & 0508 47.20%
16.31% F122.48% , KW J5 WA T K, 5 310 42.60%
15.89% F121.72% , 5 KR HIAH L G 2 A8 4k, 36 B K
PRIV S A A BT 41 4 38 o0 52 i /0 o 12 d Tk 3
iSO NSS M SS L4 = R EFYE R ORI R [
For 0N 30.1% ., 41.6% . 17.2% F1 41.7% . 38.5% .
29.9% , KRB MC1AE A BAFLE R 254 T AT BE AT 28 e it
RIFEFF
22 REEFBAEER pH R sCOD TN HME

K SRS FF AL BA 22 pH K sCOD ZZE{k i &) 2 i
/N, pH ISR RS T R B, o SS Ak B AR R
pHAK T NSS(7 dBRA1) , FFAEFEA Pl ik 3asf A5 o pH %
AEFFET7.45 L F . BB 3 d,SS 5 NSSHA & sCOD iy
W Bk B B RAE, 70008 5.87 g+ L7 e 5.39 g- L7
TALHE 12 d,SS I sCOD W M 4.51 ¢- L', B E = T
NSS(P<0.05) , A G 5 MC1 % SS £F 4k % [ R3O B 35

7 18.5
6
{8.0
5
0 175
w 4 as)
= =S
g3 {70
S = sCOD-SS
2 —@ sCOD-NSS
| - pH-SS 165
A pH-NSS

1 1 1 1 1 1 1 1 1 1 1 60
0O 1 2 3 4 5 6 7 8 9 10 11 12
I} [] Time/d
B2 KEFREFALETEFKERpH 5 sCOD KT

Figure 2 The changes of pH and sCOD during straw pretreatment

20
g ° O A% Lignin
- O 4745 % Hemicellulose
2 3 L 1 2 274k % Cellulose
1 g S .
=S | |
% €2 —=—
ﬁt\':; 3r LI
Re 2f % 7
':; L
- 1F
=
= F
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0
= SS NSS SS NSS
0d 3d

| EEHAMCI A BT EPXERFNBRRERKRFLERELL

Figure 1 Weight loss of soybean straw and weight of linocellulose composition during pretreatment by MC1
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E T NSSH KK 1B).
23 RERBFRLEBGRELZEENERNTH

MC 1 FilAb B R G R b F b AR i 229 R Pk
A LR WA 3 TR . FAL PR IR R4 HLER B
T2 STt Ja BEAR A R 5, L AR 12 d Y R i
1, 156 B 50 Ak PR (] B8 AT LR 453 S BR K , 3 T Ak
PR RS AT R 2002, A7 HLIR ™ A AR Tl
THFEEA K,

SS T Ab FEAA R v A LR B i B AN I
e AL IS 3 d(2.18 g- L) K557 d(1.77 g+ L),
B MBELES SSIKEWILL RN F 5 VFAs
B 72.49%~93.5% , WAL 3 d Wk 3 5 =k 1.89 g+
L TRIAL 3R 2R A A 21 TR

NSS FiAb PR 2 VFAs B 7 A FEES 7 d 35 5]
i, Hh O 5 e ROR B CR T i [ SS AL BRA
F£23.1%~90.0%. HBLATAL, 226 2520 MC1X R
RS R B A 1% I B R Th AR I e, /b T FilAh
FERZ P VEAs (R . 5 SSANIR], NSS Tl ik #iL 4 2R
TR & VEAs MU0 5.7%~20.7%, ] BE SR FF A 5
b A PR
24 RERBHRELBESHFLE

P R G A a0t E TRIAR B 12 d ey R AT
AEPRIR 2 VEAs PR REAESE 3 d 58 7 d s 8 ik, 156
VEFH AL 3.7 d T2 12 d (1 T AL FRAK 2 (43 513C N
d3.d7 Ko d12)1E R BRI , Wb R GRS FF IR 420 % ek
REVEATIEAN . AN 4A ([ 4B FToR , 140 B A A 4]
PITEDL R, 2480 23 d I & I, SS AL HA R RS
B E KT NSS(P<0.05) ., SR (d0) ML,
MC1 3 d FiAb #A] SRF7 RS BB e 43 5l
P T 34.13% M 36.86% (SS) | 20.65% M 34.27%

(=]

SSNSS SSNSS SSNSS SSNSS SSNSS SSNSS SSNSS
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3 BHBAEERELAEENRANEN
Figure 3 Changes of VFAs antent of hydrolysate during

T 230 O TP Butyric acid
n | ™ O MR Propionic acid
= B L . .
% 2.0 ’/}; A 1% Acetic acid
P : I 7 % HI 2 Formic acid
Ez st 7 Z
S % — U
=
g ] — L A
#HE10r = Vsl B ¢
Ll nmare
2 sl e 0 ) A Vs )
505' 0 ) %
° L 27 2772
é 4 QY & § %S % \ 2 %
d d

12d

straw pretreatment

(NSS) , Horfr SS—d3 b HR R A5 5 K RBEA™
7% (499.09 mL- g™ VS) N BB 4t 77 5 (304.90 mL -
g VS)o HILAT UL, MC1 FilAh B A A58 o A AT 1
SRR

AN TALBAR 2R H 7 B e i an & 4C B R o ZEIR
AREES S d,MC1 AL A FR SS-d3 J¢ NSS-d3 H /™~
ot it 25 5 35 B B, 43 51 30.37 mL - g™ VS Al
32.12 mL-g"' VS, AL MC1 AL PR XT84 SS—-dO Al
NSS—d0, 76 K48 & 45 7 d ik B IEAE , 43 51y 22.66
mL-g"' VS }20.96 mL-g' VS, i FML TR FF 3 d Fidb
FRARZR . HIEAT L, MCT AL BRTE SR o K SRS FF R AR
FF e = ) TR S, e 7 FR e e Ak b/ . 346,12 d
FHALFRA 22 H 7= B o B BRI, AT i K e ] T 4k
FRILAR R VEAs K e K™ F e 1 o] ) RS Pk 2>
JiE. B 4D SR AN FE DR R Il At rp PS8 b 1
i, BR T NSS—d12 i Ah 34 R Ah , At 75 4 R AR R 1Y
e o5 i 5 0 R AL I AT W 25 5% (P>0.05) , {H K
59.4%~64.4%, % b, MC1 FAbIE 3 d BB A A0 HE ok
GREFE T HBETEBE
2.5 FRRZAEST

TR T R GAEFT MC1 T4k 344 2 7 B 5 5
J12F 5 . Modified Gompertz 1 B A5 4 #4004 1
[Fi] 79 4k A ZR B 7 HOBERFAIE (R4 0.991~0.999) , K
SR MC1 RIS, H =S8 14 T 14.29%~
73.67%(NSS—d12 [ 4M) . 3 d FiAbh B A 2 0 k™
P i (P) A K H b i % (R, BUE e, R WG
WA RN, 245 T &R MCLEREA &R &
RGFEFF =B e, (AL E L 7 d JE 1L
TR 7= B BE B4 SE 3R R[] () S, L %o B Ak 1R
Mo UL, ARAFFE MC Ak B R SRS AT 19 B 8] A B
a3 d.

3 iTtig

KEFRIE SR YR, HEWBURE T2 1
AE R % A o R R RSCRAIR . R R EEPILL 6 Fl R
FEFF A SRR 77 F Bl , R BR RS AT BB
i, MEY B BRE A SR R AR TR 47 4 £ R
BRI B e s8R (H 2% G 5 ) BE 1R A Z A i
H—ERm, 23412 d MC1 AL HE, K KAk K
PR RS AE BT = 43 /D T 39.08% F134.29%, Ho
SS 2 21 4 & [ fit AR T NSS, Wik MC1RE S 761 K
PRA R T AR FR AR AR, HE T A SR i KR SRS FT
Hua 52 A9 08 W ESE T MCLZEA K B9 2 42355
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Figure 4 Biogas production during anerobic fermentation

rROGS R LA 38 1 I R AR 05 T Y u SE I B 5
— 5 R I MC1 BB £ A8 K 1A A5 A2 0F 1R FEFF I
L YR I

KA PREE H MC1 R GRS FF HiA FRAR 2R 975 HL IR
FRE R M BGE R LR G e G TR A X
ST 45 SRR — ), R ARG AE
A K B WAL B 2R AP AN 2 T TR, E— RS TR
FEK i 3t F vp = A B9 HLER PR S Wk B 55 1l Ak
25 R B AT WL AP A R AR, Yan 50 H
BYND-5 Tii &b # /K R 5 #1 & UK IR T 1R 3 it f
&L HRN R M 2R . Zhang ZEP9F] w4
TREFIUAL P 22 35 2% BRI 36 hoK i h T IR i fe s
Wil £ TR v J3E VTR

KEFEFFZMC1 FALFE 3 d, I 5 AR IR i ik
PAA 2R B AR A B A o) R 2 SR o R oy AR T
36.86% 11 34.27% , 25 W MC1 T RETAL AT R4 5 1
KGFREFFR =S A IR R 2 B4 DU W A
— 2 DAL AE T BRI 0 T R AT o 21 4 2R Lo K A 4
# TR EER R VEAs 5 it FUR P A FH 2% 2 BT

R2 TEFAEBERRERH BRI NFSH
Table 2 Kinetic parameters of pretreated soybean

straw during AD process

C Y NI

FUAb Rk 5

i sy . iR
prevcament Zﬁf?’vﬁ (mﬁ?‘fﬁ’;ﬁvs) s K
SS—-do 234.66 15.81 3.04 0.997
NSS-d0 192.06 14.58 3.01 0.995
SS-d3 333.56 21.69 2.61 0.996
NSS-d3 288.31 17.44 2.73 0.991
SS-d7 246.02 14.71 4.50 0.996
NSS-d7 219.50 12.09 4.90 0.995
SS-d12 225.23 10.01 6.22 0.997
NSS-d12 157.60 7.95 7.49 0.999

b BRAE R T DR AR T S R R e TR A P L Zhao
SEPUR LK EOKRFEAT 225 A PR RS , RAEUR
Mt e P T BE 52 T TR A0 T 1R D R o, R AT A
P TRA B e o (ELSE TN 9 Ak BRI [ 2 B AR ™ Uk
K, Yuan 55" RIS IE S SE K T4 BRI ] A F) T A7
PURRRL R S etk )™ , O H AR SEBR 0 H p SE iR Ak
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Ao 6] L 4 T 5 M5 1,
4 R

(1)MC1 BEAT 8505 fift R GRS R, Xk 2K T G A1 £F 4
R MORTR R S TR KR (P<0.05) .
MC1 Fiihb i FE v, KR K GRS FF AL FEIA R VFASs
R TARKEREREFF AR R , oW
e, i 72.4% LA E o T2 R SE I, AR KA K
GREFF AL PR R VFAs REHEZKE , R4 5 5
Fei b, HA TR A

(2) K K GREFF AL PR AR 2R BA™ H b 2
T AR K KGR FF AL LR &R B MC1 FiAb B
B IR] 3G, B B 7= B AR . 20t 3 d B AR P T Ak B
Y, TR R R A 0 Ak PR A 28 AR A KT R S R A
Ab 3R A R ARAS B B e 7 oL 43 51h 304.90 mL- g
VS ] 257.41 mL-g' VS, 53 51| Fb R 2 4 B 5 K B S T
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