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Optimization of Culture Conditions for the Growth of Bacillus subtilis natto Utilizing Soybean Meal as Nitrogen Source

ZHANG Qiang, WANG Su-ying*
(Tianjin Key Laboratory of Food and Biotechnology, College of Biotechnology and Food Science,
Tianjin University of Commerce, Tianjin 300134, China)

Abstract: Cell suspension turbidity (optical density at 660 nm, ODssonm) Was measured using an automated growth curve
analyzer to investigate the growth of Bacillus subtilis natto during incubation in a liquid culture medium composed of soybean
meal as nitrogen source and glucose as carbon source. The optimal concentrations of soybean meal and glucose were found to be
50 g/L and 10 g/L, respectively. Using one-factor-at-a-time combined with orthogonal array design method, temperature, pH and
time were identify as major factors that influence the growth of Bacillus subtilis natto. Further, Box-Behnken experimental design
was used to optimize the main influencing factors. Bacillus subtilis natto achieved the highest biomass after 13 h of incubation
at initial pH 6.16 and 35.5 °C in the presence of soybean meal treated by ultrasonic for 4.32 min, and the cell suspension turbidity
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was 1.635 under these conditions.

Key words: Bacillus subtilis natto; soybean meal; orthogonal array design; Box-Behnken experimental design
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Table 1 Factors and levels for orthogonal array design
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Table 2 Orthogonal array design and results

[ R A B C D ODssonm
1 1 1 1 1 1.56
2 1 2 2 2 1.42
3 1 3 3 3 0.83
4 2 1 2 3 0.95
5 2 2 3 1 1.39
6 2 3 1 2 1.34
7 3 1 3 2 1.05
8 3 2 1 3 1.13
9 3 3 2 1 1.46
ke 1.270 1.187 1.343 1.470
ke 1.227 1.313 1.277 1.270
ks 1.213 1.210 1.090 0.970
R 0.057 0.126 0.253 0.500
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Table 3 Factors and levels of Box-Behnken experimental design

it Je 7K
R -1 0 +1
Xo il 35 355 36
X2 pH 5.5 6 6.5
X3 b B I ) 3 4 5

% 4 Box-Behnken L4k 45 5

Table 4 Box-Behnken experimental design and results

'LI\:E@% X1 X2 Xs Y ODssonm
1 -1 —1 0 1.18
2 0 0 0 1.63
3 0 +1 +1 1.56
4 0 0 0 1.63
5 +1 —1 0 1.24
6 0 —1 +1 1.30
7 -1 0 -1 1.43
8 —1 0 +1 1.51
9 0 0 0 1.64
10 0 +1 —1 1.50
11 —1 +1 0 1.45
12 0 —1 -1 1.23
13 +1 0 +1 1.49
14 +1 0 —1 1.47
15 +1 +1 0 1.44
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Table 5 ANOVA for the results from Box-Behnken experimental design
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EJE 9 0.308592 0.308592 0.034288 231.15 0.000
gt 3 0.132225 0.132225 0.044075 297.13 0.000
o5 3 0.174217 0.174217 0.058072 391.50 0.000
THAEH 3 0.002150 0.002150 0.000717 4.83 0.061
WERE 5 0.000742 0.000742 0.000148

ESi 3 0.000675 0.000675 0.000225 6.75 0.132
gliiR % 2 0.000067 0.000067 0.000033

Gt 14 0.309333
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