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FeSO,+7H,0 0. 005 g, ZnSO, - 7H,0 0. 001 4 g,
MnSO,-H,0 0.001 6 g, iRIMEEFRKERE L,

7R TR AL R T 0 3 v ) o 2 W Ry 4
AR A PR AR EIAS
1.5 ZWH*E
1.5.1 HBEMHE HHEARE Rut-C30 FHE
PR TR PP ORI 7R3 1, T 28 CARIFFHIFE 96 h
J& RN A FIHGR H A6 IF 42 A 100 mL #5557
FL(250 mL =) ', F 28 C 175 t/min 4T
BiF% 46 h, RIS R0 4 Fh I LA 5% 119 4 fh i
B 7= il 8 % 3 (250 mL =), T 28 C,
250 v/min 557 N &8 168 h J5 K K BETR T 4 °C .
10 000 r/min 251 F B 0> 10 min, b 3% B 4 £ 4
EN N
1.5.2 EEMENBIMEFE B K OB
2583—2003" " HEAFINE
1.5.3 EREIFE T B ALY R B A
LT Y R TR AR SR, X 28 PR KRS FE R4 T
iR S g, FREL— 2 1t 0 JROREE T =M, ImA
pH H° 4. 8 [WFFIETR S IR AN B 2T 2 2 i, f —
FE T 50 CHEEARZ KB, F 200 /min 557
TG B 48 h 5 EEAERONIAZE 100 C 1T K
TEALER | F 5000 r/min 514 F B0 10 min, B_E
VR DR s % 38 A YRR S S AT A T
1.5.4 BEMRIREPEARINE B b K
W BT AFURE 27 A W S5 S5 R T e RO 153
A E , BT 16y AR 22 0. 22 pum DR R
UE 4B A Biorad Aminex HPX—-87H (300 mmx
7.8 mm) ; F SN A 0.05 mol/L H,SO, ¥, it 4
0.5 mL/min; H:E R 65 C
1.5.5 PBREREIT Sl O i | &k



« 22 .

BaS5 0 202420 8375 411

PEUN i 5 AR A N R R
KH,PO, & (NH,),S0, ¥hH . CaCl, N+
FI MgSO, Wi (KUidh X, —X, ) iX 8 PNHZE W
K 2 K, 3 Factors = 8, Runs = 12 47 PB
RIGTT, FLH R FKE L3 1, DI RS )
SR RAE (ISR V), e A A R R Y R K
- G 396 XoF Tl T 5 WA S S TR R
&1 PBiXBi%itBEEHKEER

Table 1 The factors and levels of PB test design %
BES
K-
X, X, X, X, X, X, X, X,

-1 3.000 3.000 4 0.300 0.20 0.20 0.05000.0500
1 3.375 3.375 5 0.375 0.25 0.25 0.062 50.062 5
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BTt RBE T e BENC I 5, X o 3 PR 2 b A 70 B 1
I HAREENR R, TE PB A Hr 4 R 2 IR0
AL R 7K 2 BRI Y BRI AK -
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S 5 48 AT 2 3RS 0 T £ 4 2R T O SRR, B
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2.1.2 ERERERRBE RSN K PBiXmi R
DU INGE Bk R IS IR AR RN I B 5
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Table 2 PB test design and results
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Table 3  Statistical analysis of the PB test

results on cellulase activity

BES L T P BT
X, -0.954 -3.69 0. 035 1
X, -0.707 -2.73 0.072 3
X, -0.318 -1.23 0. 306 4
X, -0.746 -2.88 0. 064 2
X 0.299 1.15 0.332 5
X 0.207 0. 80 0.482 6
X, 0. 156 0. 60 0.590 8
X 0. 206 0. 80 0. 484 7

SR EEE 90% , Bl P<0. 1 2

k4 RBERIURBEBOT T RE AR
Table 4  Steepest climbing test design and results

% X, X X, pHIE (i@_‘iif)
1 3.000 3.10 0.31 3.99 16.96
2 2.625 2.82 0.28 3.88 18.91
3 2.250 2.54 0.25 3.20 21.42
4 1.875 2.26 0.22 2.99 16.29
5 1. 500 1.99 0.19 2.88 10. 99
6 1.125 1.71 0.16 3.02 8.17
7 0.750 1.43 0.13 4.41 4.82
8 0.375 1. 15 0.10 3.06 3.52
9 0 0.87 0.07 2.65 0.75
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Table 5 The factors and levels of BB test design %

R %
Acr X, X, X,
-1 2.000 2.04 0.20
0 2.250 2.54 0.25
1 2. 500 3.04 0.30

& 6 BB-RSM 4EM 5 28 R
Table 6 The BB-RSM program and test results

e X, X, X, pHfE Y,/(U-mL™")
1 -1 -1 0 2.95 27.71
2 -1 1 0 2.93 29.78
3 1 -1 0 3.14 28.36
4 1 1 0 3.20 21.95
5 0 -1 -1 2.8l 34.27
6 0 -1 1 3.08 38.55
7 0 1 -1 2.88 31.67
8 0 1 1 3.03 32.05
9 -1 0 -1 2.96 30.81
10 1 0 -1 2.99 37.67
11 -1 0 1 2.73 38.05
12 1 0 1 3.20 23.25
13 0 0 0 2.95 40. 68
14 0 0 0 2.87 41.02
15 0 0 0 2.83 40. 59
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Fig. 1

The morphology changes of Trichoderma ressei during liquid-state fermentation
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Optimization of liquid-state fermentation medium conditions for

high yield cellulase by Trichoderma reesei

XING Shengli' , SONG Lili** ,ZHANG Zhiping”™® , WEI Tao’’ ,MA Geli>* ,XING Jin',LI Yuan', YANG Xu*"’
1. Jiangsu Hetuo Environmental Technology Co., Lid.,Wuxi 214000, China
2. College of Food and Bioengineering ,Zhengzhou University of Light Industry ,Zhengzhou 450001, China ;
3. Zhengzhou Key Laboratory of Metabolic Engineering and Systems Biology ,Zhengzhou 450001, China

Abstract ; The liquid-state fermentation medium conditions of Trichoderma reesei of high yield cellulase were opti-
mized with natural agricultural products as the main raw materials by different test design methods, such as the
Plackett-Burman (PB), steepest climbing, Box-Behnken (BB) and response surface method ( RSM) analysis.
The results showed that the optimal fermentation medium conditions for enzyme production were soybean meal
2.140% , wheat bran 1. 88%, peptone 0.30%. Under these conditions, the cellulase activity of the fermentation
broth could reach (42.62+1.30) U/mL. In the later stage of fermentation (5 d) , with the large growth of myceli-
um, the cellulase activity increased continuously. The crude enzyme solution could degrade cellulose and hemicel-
lulose in corn straw to produce fermentable sugars such as free glucose, xylose, arabinose and cellobiose.

Key words: Trichoderma reeset; liquid-state fermentation; cellulase ;fermentation medium
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