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Abstract: In order to improve the hydrolysis efficiency of cellulose materials, an artificial composite
system CN6 was constructed by using different substrates and complementary enzymes. By detecting the
filter paper enzyme activity and cellulose degradation rate, the optimum fermentation conditions of CN6
were determined as follows : culture temperature of 30 ~37°C and initial pH value of 7. 0. The metabolic
process of CN6 was proved to be stable. The complex strains CN6 was applied to biogas fermentation of
cow dung as raw material in a laboratory scale reactors. The results showed that the volatile fatty acid
(VFA) was increased by 26. 5% ~30.6% in 0 ~ 15 d of fermentation. At the end of fermentation, the
cellulose degradation rate and cumulative biogas production were increased by 6.8% and 18.4%
compared with that of the control.
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REfRVE I RIR B G A P TR 2R ; o — P S i 18
LR YR PR T B BRI RR , SR 5 TRAR 4 25 TR AR AR K
KOor g HAME S AT IR A R 9, N T R R
AWEAR, PR Z 8 5R B8 PR E T
TRA &M, v DL IR B R P & BRI B 2 &
P r) B Ak —110 9 2 AR i B R R )
2 S A g A S 4334 LDD -2 (CJT -3
N14 F1Z2Q — 1 VUK AT, = = L VUM IR &
AR W T AR E AW &R CN6, TEIL
FEth b AR SCE A A ) A A D AR O A AT 4
R I — %A R WS B A KR pH
B AR RS 1, I8 L T DA A 28 8 SRR A
SIRE KR, Bl CN6 XiF £ 4 2 JFURL K i 3R A
FRIGE B s, kg FLAE DR A0 R B vh 1 I 2% oy A A4
T

1 #R5FE

1.1 Bk

24 % CN6, i LDD — 2 ( Clostridium
cellobioparum) | CJT — 3 ( Clostridium papyrosolvens ) |
N14 ( Cellulomonas. sp.) # ZQ — 1 ( Clostridium
butyricum )4 FhEE % — & L HIR G H =M EE, LDD -2
FCIT - 3 SRR T A HE SR A 55 BT, N14 FH
ZQ — 1 KBTI R B A Y58 BT
1.2 EHRE

PB 17 3. NaCl 5.0 g, FHH 5.0 g, B
10.0 g,7K 1 000 mL,pH {6 7.2 ~7. 4, $HEZ, LA
SO ERREREE . T 121°C 5K K 20 min,

PCS R K WG 77 5 R R 1.5 g, CMC-Na
5 o, IABETHER R 5 ¢ FEFFHY 5 ¢,NaCl 1.5 g, KH, PO,
1.0 g,MgS0, 0.5 g,7K 1000 mL,pH 7.2 ~7.4, H
250 mL 1Y PR A8 73 3% BRI A 200 mL, B A
0.6 g MUBARSANENFR/RIEY)  ih 2, A, R EE
REIREE, T 121°C & E KK 20 min,
1.3 EAEFEKEFERE
1.3.1 AR BG4 R AR R AR L

1 CN6 #E70 T PB #5385, 1557 36 h X84
KM VE MR T, FAR LA 80 10% I3 Fh i 42 A
PCS #5395 Hrh  30°C 5 5%, B0 12 h HURE — IR, 7E
600 nm MM SERE, 3 AESE SR 1.3.5.7.9 d i,
0358 LR BTG 2T 2k R R
1.3.2 REEXE AR RS

1 CN6 BT IR 4380 10% 1 HEe b a4 A
PCS 5 3Erp | 20 5178 15 .25 .30 .37 .45 .50 ,60°C
WA R B3R 5% 3 d R 4R TG 7 d A £

1.3.3 555G pH (EXT R A T & 1520

B PCS Ki 7239 pH H4 5% 4.0.5.0.6.0,
7.0.8.0.9.0.10.0 1 11.0, 4% CN6 Fl ¥ LAAF 535k
10% PHEFPEFEA PCS $557 5 30°CHrE s 7 1
3 d BHMGELREET , 1597 7 d BHNAF SRR,
1.4 RigFEEENE

WEATEZR CN6 HE 5810 ¥,30°C ;35 3 d
Ao I 8 AR TG L7 o B0 2T A 25 o i o i o L3t
Rk,
1.5 BERELZEAK

KR AL A% | T SR 30 d, SRR A BT
A28 B A 300 T RB DX 5 A 37 58 b (A A4 o o
IEL R 18. 0% 45 KR R BT iE 0 800 14. 1% , JK
Gy TN 3. 9% ) AEFTE WO B EE LS
TR R AR TS50 3. 8% , ¥4 & 1M ] 44 i i
SN 2. 7% KAy i i BN 1.1% ) o iR
HEARESR:, 6 MNP R 1, C T -3,
LJLDD —2 N K N14.Z R ZQ — 1) , R IERHE &
T 5500 6. 1% , W1 4n pH {H 7.5, 1HIR (36 =
1)°C, SN#%K 250 mL JREJH, BEALFE 5 ASFA7,
BERACSE =i, WK A% % PR NG W R (VFA) |
e 1, X e s RN 45 SR IR S5 7 i N 4T 4E R

®1 RWiFT
Tab.1 Experimental design
ANEL R I A PCS I HIR AR
Fe FiR/g REV/mL BAB/mL AB/mL /mL

CK (X HR) 50 50 30 - 180
C 50 50 30 180
L 50 50 30 180
N 50 50 30 180
Z 50 50 30 180
CN6 50 50 - 30 180

1.6 FLUEHRAINE &
1.6.1 JEACHETS

FHBFAAE I, B 10 mL & EEW, 10 000 r/min 5
> 10 min, BUEVEAE A B

YE AR I - ASEACN KD, 7R i AR
P51 em x 6 cm BYPELLSE, A 1.0 mL pH {H
7.0 BYERR BRI BN D2 vh L, LR BB AR SR A
1 mL FYEFI,50°C K 1 h,

i i [ PR i A2 2 (TUPAC) HEFE 1Y [
PRbRAE 7005 . B 1 min HJEP A 1 pumol 524
Wi It 22 A il e SO — BTG B,

1.6.2 £F4E K [Efi R
LFUE R R R EED | A R IR
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R B R F R, B R BT 8 000 v/min & 0>
20 min, b 15 W, 2510 K PE¥%, 8 000 r/min B 0>
20 min, 5% [V W, H 3R (150 mL, JT & 70 00
80% ) FIVRAHHR (15 mL) MTR A WIE PR B 1R, B0,
F B, 105°C T B B E TR R E AR
1.6.3 Hfth

pH {8 5% FH & BZ 3 it ( sartorius PB — 10 pH
TF) s #E RN IR 5 o < R R s ek e s R e
i R H A A5 AL 4 B 75 T & ( Agilent
7890A) ),

2 HER55H

2.1 EKHMEREE FHEREBETH

SRR R S TR AR AT 4 3R R A LA R e £ il
B R], 7 AR K i o U X £ A 25 A A R S 4G
BTG UEAT A, il 1 iR ,0 ~0.5 d MR A R
CN6 A KAEHI 0.5 ~2 d BRI, 2 ~7d N
e, Z et AEw KR, CNe B A
FRIEXTEE KT IR 7 i, s G4 3 d B g 4Kl
WEPERE (1,21 U) , BV E W A S Sl , Z 5
fiti 1% 5 P RERA Y, CN6 K leid fih, 47 4k K % R
FEO ~5 d PRI, K F] 57. 8% , ML B i MR
W 8RB, T 4% o Ik 28 4 % Wi Rk 31 60. 6%
HrP &ZmET7 d F19 d BLT4E R MRINA BEES,
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Fig.1 Growth curves of CN6 and changes of filter

paper activity and cellulose degradation rate
(a) CN6 A=K HIZk  (b) URATEGHE FLT 4L el R0 4L
2.2 REXEAERNZIM
IR AI A AE R SHFEREENRZ
—o W EYEA: KSR R A Py A i i
JE N P i R A R B O S, & 2 a)

LB AT FR CN6 1 30°C I, 21 4k 2% F i 58 F i 4%
FG 18738 B AHL, DR ARG K 1. 29 U, 27 45 3R [ i
K 58.3% o 37°C 41 4k K VMt 3 FUE 4R g 1% s A
TR, 43R 56.9% F1 1. 15 U, 5 30°C I By £F 4 &
FEfR g A s A B 225, KT 25C, /T
45°C 4T Yk R IR R AR 4CHE TS 5 0 2% F %, i
A 2N E TR R B R AR R A
K, iEHF R A LR,

L6 - )
OJEARERT o IR
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Fig.2 Effects of temperature on filter paper activity

and cellulose degradation rate

2.3 ¥ pH BEXNEGRAZMNEMN

Hi [ 3 I, AT & CN6 125 3591 4f pH {E
7.0 B SEARREE FLT 4 R MR 58 1.39 U
156, 2% 5 = TEAK T 7. 0, 21 2 ZE B R A X
WY W R B, 7E pH {H 6.0 B & 40 IE N
0.96 U, & pH fH 7.0 1 69. 1% ; £F 4 Z [ i R Ny
46.2% 52 pH 14 7.0 1% 82. 2% , pH 1H 8.0 W yE4E
fiE M 1. 10 U, & pH {H.7. 0 19 79. 1% ; £ 4 K Ffiit
KN 41.6% & pHHT. 0 (74.0% , I, ZH £
EGTERPESRA A P2l BV s A AN
R 7 il R 2T 4 2 i

L6 e yeummyin —e— £F4k KISHEH 170

14 160
o 2y 150 i\:
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g o0s ®
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Fig.3 Effects of pH value on filter paper activity

and cellulose degradation rate
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SHT, P AERT 0. 05, A sk fefa s .

F2 RigaEH
Tab.2 Metabolic stability

R IRARAE /U LT YR IEARE/ %
1 1.29 +£0. 18 55.4+£3.3
2 1.28 £0. 15 56.0+2.8
3 1.33 £0. 14 55.8£3.0
4 1.29 0. 21 56.2£2.2
5 1.31 +£0.17 55.5+3.1
6 1.30 £0. 11 57.0£2.8
7 1.27 £0.21 54.7£3.7
8 1.29 0. 22 55.5+4.0
9 1.31 £0.16 54.3+2.9
10 1.30 £0.19 53.8+3.1

2.5 BRRELEERRE
2.5.1 ANFELFES SR

ARG AW FR CN6 S HAH i 4 B — T4
R 530 T LAAR 2% Ry SRR %) IR 48 & T 60, 445 51 DL
4, TR0 CN6 117 4b HYE <™ i o 2 5 T A LA
AbF LT RETR S A = T 18.4% ., SN LDD — 2,
N14 F1ZQ — 1 WY 3 AL FRVE S S it 5 % BRAH
P 325 5 TN CIT - 3 B AAL BB SR
i T TN & AR CNe b3,
HEXTIREE R T 9. 3% , Ui AE DA R B R v s
BAWHR A A = RO B Tt
B HR— T bR
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Fig.4 Total biogas production of different treatments
2.5.2 W&

L5 AR, 45 4 3 PR e 5 s 28 Ak e Al ]
IR BB, Xof R 6 25 125 W& vy 7 VA8 00 o T 194 Ak 2
21, AP n R — TR R A 3R e B i S IR
B NINEATHZR CN6 IALFERT 3 d A& ) H
ot i I T B E B IR Y I 6 d LA
JEW I B A W A S WG RR  BUE
60% ~70% Z 17224k, A A, F 8=l T1ER
BB LR BT B, IS N 4G 7 &R 5, T BE T 2 1 A X 4K
D K AU R 2F 4 R B v o5 L3 K i A2
PR CO, H, S5 W] G, BE A PR e

e IR KA AR B R SR ORI, R e 2
HETE 6 d IR R P S A 22 5

80

= | —&—
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Fig.5 Changes of methane content in biogas fermentation
2.5.3 H™A&

H &l 6 WA I NAE A1 CN6,2 ~3 d Bf, H ™
SR TR RIS d XTI A SR A ST
90 mL, [AHEBEII S N A5 T CN6 , A] AH R 47 5 % 1%
JABhAE] 2 ~3d, KWEL ~ 14 d, 3500 CN6 AYALHEH
SHPR R IR T 24.3% ,15 d J5 2 PMAb B
M HB S ERA D EES, 18d /52 MEHMH
PR B E TR,

120 1

100 ——(CK

/mL

SOt —&— (N6

N
=
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Fig.6 Daily production curves of biogas
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AR, 2 Ak pH AL H—5, 5k
P R ARG IRE RN 7.0 ~ 7.5, RE= MR L BEH
FERT ATERCAR ) pH B 4510 T A A7 00 A48 AR, 48
MRS pH (E -5 F A A0 R — A, KA 7 v
JEEl, AZWERT 10 d, N4 Y pH (B IE T X R 41
HESARZE ZEWEBT %K 7)), &% pH
HEAELET.0~7.5 ZIH],

6000 r 8.0
- L ~ S 75
= 5000 ’v‘i\ s 7.0
éb 4000 F ) —— M RVFA 6.5
o —*— JUEVFA 6.0
Eﬁ 3000 | oo AMPHAL 1 55 g
o -E-- NEpHE | 59 =
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Fig.7 Changes of VFA and pH value in biogas fermentation
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TXFHE X B T 26.5% ~30.6% , 20 d )&,
PRI VFA Tk A B 25, MU0
BN AT R, WA SRR RROR

TN, R L R e AT A R SN
Z CN6 1 &b PR 2 L X HR 27 4 K B g R i T
6. 8% ,IE— LU SN & 1 & CN6 B 55 7] A 3L
P R 2R A R WK IR AR
3 Fig

(1) 38 2 G 00 0 K it % N 2T A 25 B il o, i
THEATA CN6 Wil HE IR N 30 ~37°C , ¥tk
Rifk pHE A 7.0, 18 & CN6 HLAE0 10 Ik, etk
AERE .
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