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Effect of the Kinetics of Cellulose Saccharification under Different Conditions

LIU Lu', ZHANG Zhicai™*, FAN Yajuan', HU Kunyda', WANG Jia'
(1. Institute of Agro-Production Processing Engineering, Jiangsu University , Zhenjiang 212013, China;2. Beijing
Green Technology and Nature Biotechnology Co. Ltd., Beijing 102300, China )

Abstract: The cellulose is the main component of the strain to produce bio-fuel. The
saccharification of cellulose to fermentable sugars is critical step to fermentation of stalk to
synthesize biofuel. The effects of various reaction conditions on parameters of the kinetics of
cellulose saccharifications reaction were studied using the sugar yield(Y ;) as an index. The Impeded
Michaelis model containing two parameters including the accessibility between enzyme and the
substrate (Kgs0) and the gradual loss of enzyme activity (K;) could be fitted all experimental data
well. The predicted maximum Y (46% ), Kus0(0.265 4 h') K;(0.058 3 h')was obtained under the
following conditions:pH of 4.41 ,temperature of 47 C ,3% cellulase and 5% corn stover based on
the model. The predicted results was in line with the experimental results. Temperature and pH
mainly increase Y, by decreasing K;,and the enzyme solubility and substrate concentration increases
Y, mainly by increasing Ko Ytrs is significantly positively correlated with K, and negatively
correlated with K;. This study lays the foundation for the saccharification of lignocellulose.
Keywords: cellulose, hydrolysis, sugar yield , kinetics
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Table 1 Box-Behnken design of response surface design

I T T 7N B
50 10 1

1 7

2 50 7 5 2
3 50 5 10 2
4 50 5 10 2
5 50 3 15 2
6 50 5 5 3
7 40 5 10 1
8 60 7 10 2
9 50 5 15 1
10 50 7 15 2
11 40 5 5 2
12 60 5 15 2
13 40 3 10 2
14 50 3 5 2
15 60 3 10 2
16 40 5 10 3
17 50 5 5 1
18 50 5 10 2
19 60 5 5 2
20 40 7 10 2
21 50 5 10 2
22 50 3 10 1
23 40 5 15 2
24 60 5 10 1
25 50 5 10 2
26 60 5 10 3
27 50 5 15 3
28 50 7 10 3
29 50 3 10 3
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Table 2 Run results of Box—Behnken design of response surface design

TR pH | il S5 43 B5OR I o T i o B, R 1 R )
VL TET 43 AT AE 9T 3 4 PR 3R Y B A T RN A8 ELAE T
Xof il SN R A, 4 K 3 K 29 ik
BBD 2717, 2 I AN [ B [0 30 JUHE 75 236 114 &5 5 8 7 7
2,

I IMM B8 (A3 14) #LA R 3 il 5 5
P 1353 3,

MR 3 ATLLE L, FrAE 1 R &R T 0.96,
IFH S adj-R* (EHAET ,p<0.001, H5 BT IMM £ A
RBARGF 1 P00 A S a2 51 i FLEL AT 4 o 1 i e R
AE R, A 0 RS B Ko M1 K B R
e 4,

1 4.20 5.78 6.62
2 15.71 18.04 19.19
3 8.55 13.02 13.97
4 6.72 11.66 13.33
5 4.96 791 9.05
6 28.60 30.54 31.64
7 4.26 6.62 7.57
8 8.42 9.34 10.38
9 4.01 6.20 6.93
10 5.60 7.35 7.90
11 16.12 18.94 20.88
12 5.80 8.57 9.53
13 7.67 8.93 11.76
14 14.27 18.98 20.92
15 7.67 9.41 10.62
16 11.48 13.42 16.21
17 11.41 14.09 15.63
18 6.74 11.53 11.66
19 16.12 20.88 22.85
20 8.42 9.17 11.65
21 7.37 11.40 11.69
22 3.90 6.37 7.15
23 5.80 7.56 8.84
24 4.26 7.64 9.12
25 6.75 11.73 11.82
26 11.48 15.87 17.29
27 6.58 11.77 12.60
28 11.55 14.13 15.03
29 10.24 13.67 15.52

6.82 7.73 8.08 8.81
19.89 21.02 21.59 22.08
16.95 19.84 23.52 24.03
16.78 18.48 22.97 24.11
9.80 12.40 13.23 16.41
35.46 43.33 45.88 53.64
8.90 10.79 12.65 14.54
10.17 11.45 11.72 12.57
8.23 10.47 11.94 15.85
8.19 8.99 10.07 10.67
23.68 26.61 30.79 32.96
12.82 13.04 13.35 14.10
12.97 13.76 15.57 18.81
22.81 26.81 27.56 31.07
11.50 12.09 12.47 13.31
17.31 20.10 24.10 25.36
17.73 20.62 23.54 30.62
15.48 17.80 21.50 26.95
24.89 26.43 27.48 28.38
12.17 12.99 13.91 14.41
15.70 16.77 21.63 27.00
8.21 9.50 10.55 11.40
9.82 11.28 14.07 15.73
10.36 12.16 12.38 13.83
15.30 17.13 20.87 26.52
20.36 20.98 21.36 21.97
15.58 16.84 19.03 20.92
15.15 16.72 18.29 18.97
17.27 21.43 22.52 25.81
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Table 3 Model fitting analysis of the run results of Box—Behnken design of response surface design

T

1 10.637: + 11.481 0.998
2 3.965 6t + 1.761 3 1.000
3 3.44t + 6.258 6 0.998
4 3.406 9+ 7.610 8 0.997
5 5.346 5t + 14.484 0.985
6 1.2411 + 3.455 2 0.986
7 5.999¢ + 16.177 0.994
8 7.347 1t + 5.880 5 0.999
9 5.416 1t + 22.077 0.971
10 8.639 3t + 9.854 2 0.998
11 2.389 1t + 4.489 2 0.997
12 6.441 4t + 5.651 1 0.999
13 4.637 2t + 10.908 0.987
14 2.615 6t + 4.200 4 0.995
15 6.913 21+ 5.242 8 0.999
16 3.246 3t + 6.312 2 0.997
17 2.597 4t + 9.496 0.968
18 2961 2t + 11.725 0.977
19 2.946 3t + 2.010 4 1.000
20 6.297 8t + 5.107 3 1.000
21 2.943 1t + 12.209 0.972
22 7.952 9t + 12.641 0.998
23 5.511 5t + 14.181 0.992
24 6.537 9t + 9.331 6 0.997
25 3.034 2¢ + 11.939 0.973
26 3974 1t + 2.178 3 1.000
27 4.100 4t + 7.277 6 0.997
28 4.652 3t + 4.201 1 0.999
29 3.218 5t + 6.675 4 0.995

T A T p<0.001
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0.998 0.087 1 0.060 5
1.000 0.567 8 0.061 6
0.997 0.159 8 0.059 1
0.996 0.131 4 0.058 4
0.981 0.069 0 0.057 6
0.983 0.289 4 0.057 5
0.992 0.061 8 0.057 6
0.998 0.170 1 0.061 0
0.964 0.045 3 0.055 4
0.998 0.101 5 0.060 3
0.996 0.222 8 0.059 0
0.999 0.177 0 0.060 8
0.984 0.091 7 0.058 2
0.994 0.238 1 0.059 5
0.999 0.190 7 0.061 1
0.996 0.158 4 0.058 9
0.960 0.105 3 0.056 1
0.971 0.085 3 0.055 6
1.000 0.497 4 0.061 2
1.000 0.195 8 0.061 0
0.965 0.081 9 0.055 3
0.998 0.079 1 0.059 5
0.991 0.070 5 0.057 8
0.997 0.107 2 0.059 8
0.966 0.083 8 0.055 7
1.000 0.459 1 0.061 4
0.997 0.137 4 0.059 2
0.999 0.238 0 0.060 8
0.993 0.149 8 0.058 7
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Table 4 ANOVA analysis for quadratic response surface
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F{H Prob> F

9.64 <0.000 1°
Intercept 0.170 570
A 0.067 6.92 0.014 7° 10.670
B 0.045 3.17 0.087 6 8.883
@ -0.110 18.82 0.000 2 -3.167
D 0.079 9.67 0.004 8 6.333
AB -7.250
AC 2.000
AD 0.750
BC 1.500
BD 2.750
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A? 19.610
B? 22.110
©* 4.858
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Fig. 1 Response surface plot combined effects of Enzyme
concentration and Substrate concentration ratio
on Sugar yield
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