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Abstract The response surface methodology (RSM) was used to optimize the immersion fermentation conditions for protease production by
Bacillus subtilis. Firstly, dextrin and cornmeal were screened out as the most suitable carbon and nitrogen sources by using single factor
experiment. Based on these, the assay Plackett—Burman was designed to evaluate relative factors related to protease production and three
statistically significant factors (dextrin, cornmeal and yeast extract) were selected. And then the steepest ascent method was applied to
define the optimal response region for these three factors, the RSM was used to optimize the above critical factors, and to find out the
optimal concentration levels and the relationships between these factors. By solving the quadratic regression model equation by using
appropriate statistic methods, the optimal fermentation concentrations were determined, with dextrin of 11.568g/L, cornmeal of 22.462¢/L,
yeast extract of 10.202¢g/L, NaCl of 5¢g/L, initial pH of 7.0, and 37°C incubation for 48h. Protease activity after optimization was increased
from 2463.95U/mL to 3281.79U/mL, an increase by 33.19%. The experiment data under various conditions have validated the theoretical
values.
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Table 1 Plackett—Burman design and its results
Y
Xl X2 X3 X4 XS Xﬁ X7 XS Xf) Xl() /(U'mL_l)
1 1 -1 1 1-1 1-1-1 -1 1 2893.57
2 -1 1 -1-1-1 1 1 1 -1 1 2793.68
31 1 -1 1-1-1-1 1 1 1 3056.45
4 -1 1 1 1 -1 1 1-1 1 -1 2909.58
5 -1 1 1-1 1 -1-1-1 1 1 2806.72
6 1-1-1-1 1 1 1-1 1 1 2845.83
7 1 1 1-1 1 1-1 1-1 -1 2957.42
8§ 1. 1 -1 1 1 -1 1-1-1 -1 3121.67
9 -1 -1 1 1 1 -1 1 1-1 1 2764.93
00-1-1-1 1 1 1 -1 1 1 -1 2721.74
17 1-1 1-1-1-1 1 1 1 -1 2786.89
2 -1 -1 -1 -1-1 -1 -1 -1 -1 -1 2706.31
2 X ( )Xo ( )X
( )3 99.87% .99.85%
9.14%, 1 , 3

o 4
, :Xs(NaCl)  Xo( pH)
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:NaCl 5¢/L. . pH 7.0,
37°C. 48h,

Y=2863.733+79.906X+77.188X+47.591X,
, R*=97.45%,
2.55% , °

2 Plackett-Burman
Table 2 Level, code of variable and results
of Plackett-Burman design

13 Prob>lil
1 -1 1%

Xi/(g-L?) 5 10 8.075651 0.001277  99.87

Xof(g- L) 10 20 7.800924 0.001457  99.85
X/ (g-17) 5 10 4.809749  0.008587  99.14
X/ (gL 3 5 0.604956  0.577850  42.22
X5 6.5 7.0 0676880 0.535606  46.44
Xy/C 37 42 -1.706055 0.163193  83.68
X,oh 48 72 -0.357348 0.738888  26.11
24 (RSM)
RSM , Y
X 0 Y X
’ o N RSM
Y Xi [677]O
241
o Plackett-Burman
3 o
3

Table 3 Experimental design and results of steepest ascent
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Table 4 Level and code of experiment variables

-1.682 -1 0 1 1.682
X, 9.318 10 11 12 12.682
X, 11.590 15 20 25 28.410
X, 8318 9 10 11 11.682

5
Table 5 Central composite design and results

X/(g- L) Xd(g-L) XJ(g-L7) /(U-mL™)
-2 9 10 8 2709.42
-1 10 15 9 2854.71
0 11 20 10 3243.85
1 12 25 11 3102.77
2 13 30 12 2951.14
3 14 35 13 2769.35

6 , 0 ,

3243.85U-mL™, , ,

0 °
4@7

X, X, X; Y/U-mL™"
1 -1 -1 -1 3011.35
2 -1 -1 1 3026.22
3 -1 1 -1 3065.77
4 -1 1 1 3116.47
5 1 -1 -1 3122.61
6 1 -1 1 3125.55
7 1 1 -1 3229.84
8 1 1 1 3236.54
9 -1.682 0 0 3070.28
10 1.682 0 0 3230.56
11 0 -1.682 0 3080.75
12 0 1.682 0 3224.11
13 0 0 -1.682  3090.95
14 0 0 1.682  3222.16
15 0 0 0 3279.21
16 0 0 0 3280.34
17 0 0 0 3281.27
18 0 0 0 3282.96
19 0 0 0 3281.57
20 0 0 0 3278.04

s SPSS s

Y=-10000.431+1234.069X 1+60.855X+1076.286X 5
-52.044X7-2.053X7-49.876 X3 +1.839X X,

—6.991X X +0.990X,X,
( 6), 7
C 3
. F
P 9’ o 6
7 9’
k) 30 9’
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Table 6 Regression coefficients and their significance
of the regression equation
t Prob>lil
3281.486 10.288 318.972160 2.254E-21
X, 55.960 6.825 8.199033 9.480E-6
X, 44.224 6.825 6.479467 7.072E-5
X 21.665 6.825 3.174238 0.009916
X? -52.044 6.643 —7.834075 1413E-5
X3 -51.334 6.643 =7.727130 1.592E-5
X3 -49.876 6.643 -7.507653 2.043E-5
XX, 9.194 8918 1.030913 0.326870
XX -6.991 8918 —0.783942 0.451243
XoX; 4.949 8918 0.554913 0.591149
R? R?
0.9642 0.9320 25.22410
T
3300 |
3200 |
3100 '||
= 3000 II
2900
3
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Table 7 ANOVA for the regression equation

F

Prob>F

171344.866 9

6362.551 10

19038.3185 29.9225 4.5187E-6"

636.2551

177707.417 19

25

1234.069-104.088X +1.839X,—6.991X =0
60.855+1.839X,-4.106X+0.990X5=0
(1076.286-6.991X,+0.990X,-99.752X3=0

3

X;=10.20183601,

X=11.56766422 , X,=22.46170291

11.56766422¢/1., 2246170291gL
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Fig. 3 The 3D and contour plot of response surface
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Fig. 3 The 3D and contour plot of response surface (continued)
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