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Optimization on the fermentation conditions from solid-state rapeseed meal
for natto-kinase production
Liao Jiegiong®, Chen Lili**", Yang Yilei* %, Qin Wenzhe?, Kang Rugin*

(1.College of Food Science and Technology, Hunan Agricultural University, Changsha 410128, China; 2.Hunan Key
Laboratories of Food Science and Biotechnology, Changsha 410128, China)

Abstract: Fermentation conditions for natto-kinase production from solid-state Bacillus natto was optimized by using
Plackett—Burman design, the steepest ascent design and response surface methodology in the study. The results showed
that the main factors influencing natto-kinase production were initial moisture, fermentation time and temperature. The
optimal conditions for natto-kinase production were at initial moisture of 90.24 g/(100 g) and fermentation time of 36 'C
for 92.82 h by employing rapeseed meal as the solid substrate. The average activity of natto-kinase was increased to
6 031.33 1U/g in these conditions.
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1.2.5 Plackett—Burman X%
( 450 pm
) N-11  Plackett—-Burman
U49(Bacillus nattoU49)
LB pH 7
LB 4
1 -1 +12
112 E£Z2E5XHA 1.2.6 IR
722N ( Plackett-Burman
) Sw-CJ-2D ( ) [13-15]
( ) ZHWY-
C2102 (
; TP-620A ( 1.2.7  w@ R ik
. Box-Behnken [16-20]
Sigma
(Design Expert 8.0.3)
1.2 A%
1.2.8 Fdeats®
1.2.1 @egEsF-Firhlg -
wATH; # Excel 2007 Design-
U49 Expert 8.0.3 Plackett—-Burman
LB 37°C
36 h
30mL LB 250 mL 2 H#RE5HH
s7¢C 18h 21 BREERKER
1.2.2 A0kt B R R R IE R AR T 1.2.2 3 935.07
7 3 1U/g
) 1 -1 8 9/(100 g)
0.55 0.40 0.359/(1009) 9% %1 Plackett—-Burmanit 1&g it# E ZF1K
0/(100 g) 10 g/(100 g) 10%( Table 1 Factors and levels of Plackett-Burman design
300 mL ) pH70 37T 48
-1 1
1.2.3 3HAERE A pH 7 8
122 B () 37 42
oH c (0/(100 g)) 8 10
D (/(100 g)) 90 100
E (%) 6.67 8.33
F (h) 96 120
1.2.4 44 SBREREE /) 49 G ) 18 22
H -1 1
J -1 1
( ) K 1 1
[11-12] L -1 1
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18h 37 C 96 h

6.67% 90 g/(100 g) (4 4 2

oH 7 (5 408.34 1U/g) 3

2.2 FHEZHITHILER
x4 BREEHERBETREER

Table 4 Designs and their results of the steepest ascent experiment

N-11  Plackett-

Burman 2 2 / /
3 I'C_ (g:(200 g)™) h o (ug?

1 40 100 108 4282.70

%2 Plackett-Burmanit3&i%it & 4 2 37 90 96 5408.34

Table 2 Schemes and their results of Plackett-Burman design 3 34 80 84 4915.86

A B C D E F G (1u-g™) 4 31 70 72 4507.80

1 -1 1 1 1 -1 -1 3264.29 5 28 60 60 3927.72

-1 1 1 -1 1 1 -1 3360.08
4ol 11 320659 24 BEESHMIMSER LS
-1 -1 -1 1 -1 1 1 3235.44
-1 1 -1 1 1 3295.44

© 0 N o b W N
[
|
=

1 1 1 -1 -1 -1 1 3220.49 (
-1 -1 -1 -1 -1 -1 -1 338663 )
-1 1 -1 1 1 -1 1 3148.88 5
1 -1 -1 -1 1 -1 1 4 444,33 6
10 1 1 1 -1 1 1 1 3238.90
17 1 1 -1 -1 -1 1 -1 316965 FR5 HOHAERIEIRITHIEZKTE
12 1 1 - 1 1 1 -1 3095.79 Table5 Levels and factors of response surface analysis
%3 Plackett-Burmani®i& & B E R HE MR -1 0 L
Table 3 Significance analysis of Plackett-Burman design X1 ( ) 34 37 40
X2 ( ) 80 90 100
A -14.42 0.55 6 Xa( ) 84 96 108
B -150.98 59.99 1
c 1751 0.81 4 %6 Box-BehnkenitI&ig&it R4 R
D —95.61 24.05 2 Table 6 Design matrix and their results of Box-Behnken
E 6.34 0.11 7 experiment
F -45.98 5.56 3 X1 Xo %3 ug
G 16.74 0.74 5 1 0 0 0 6076.40
2 0 0 0 6 024.47
3 3 0 -1 1 5228.13
4 0 1 -1 5712.86
pH 5 0 0 0 5937.90
6 -1 0 1 5245.44
3 7 0 0 0 5851.35
8 0 0 0 6 024.47
59.99 2405 5,56 9 _1 _1 0 581673
3 10 1 1 0 5089.64
11 -1 0 -1 5574.36
12 1 0 1 5158.88
13 0 -1 -1 5626.29
23 BEMEEABHER 14 Lo 0 s
15 0 1 5453.18
3 3 16 1 0 1 498576
17 -1 1 0 5730.65
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Design Expert 8.0.3
Y= —72 088.954 25+ 2 791.705 89X+
219,570 66X+ 387.128 39%5-1.009 75 X;Xo+ 3.803 30X Xg+
0.314 73X,X5—42.413 54X,*~ 1.177 18X,*~2.975 90X

Y X1 X2 X
! = 3 mw“" /(g (100 g))
7 Ell FREAEREFEIR LSRG T MBI RS N
F=10.72 Fig.1 Activity of Natto-kinase at various conditions of fermentation

R2:0.932 3 P=0.0025 0.01 temperature and ratio of initial Materials

(ug™

A

RT ZMEEAFEOFESTER

Table 7 Variance analysis for the second order regression equation

F P

L1906 9000 2118 107200 00025 B2 RE % BRI R A R ) T R S A AR E

X 4.209 1.000 4209 213100 00024 Fig.2 Activity of Natto-kinase at various conditions of fermentation
Xz 37.450 1.000 37.450 18960 0.9665 temperature and time
X3 82 752.270 1.000 82752.270 41900 0.0799

X1 Xz 3670.540 1.000 3670.540 0.1900 0.6794
X1 X3 63 009.790 1.000 63009.790 31900 0.1173

XoXa 4794.180 1000 4794180 02400 0.6374 H:c’ﬂ
Xi2 1.000 6.135 31050 0.0008 0.0008 =,
X2 1.000 58347.610 2950 01294 0.1294
X5 1.000 5459 27030 00012 0.0012
T /(g-(100 g)™)
1.383 7.000 19 756.080 /h om0
1.068 3.000 35588.520 45200 0.0897 E3 [EABEETEFNFIIAH L &4 T PN Y BERIREE 5

31527.010 4000 7881750 Fig.3 Activity of Natto-kinase at various conditions of fermentation

time and ratio of initial materials

2044 16.000
0.0 0.0 0.0 :
P 005 P 001 Poms 3 it
1 3
Design Expert % 02
/(100 g) 92.82h
. ( 7 3 ) 055

0.40 0.359¢/(100 g)

90.24 g/(100 g) 92.82h

pH 7.0 8 9/(100 g)
6 031.33 1U/g 6 031.33 1U/g

1.55
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