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Optimization of Koji Medium in Soy Sauce Production Using
Response Surface Methodology
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(1. School of Biotechnology, Jiangnan University, Wuxi 214122, China; 2. Key Laboratory of Industrial Bioteclr
nology, Ministry of Education, Jiangnan University, Wuxi 214122, China)

Abstract: Based on the factory production medium formula of koji, response surface methodology
was used to optimize the protease production in this manuscript. A multivariate model was
proposed to manifest the interactions of the medium components. It was showed that the
optimum, weight proportion of soy bean, fried wheat and water in koji medium is 11.3: 10.5°
19. 6 with this optimum conditions, a high level of koji protease activity (2402 U/g) was
achieved, it was higher 20% than that of the control.
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¥z Tab.3 Regression analysis of the experiment results
1000 95 %
M so0f
X 156. 4 66.0 9.4 303.4
0 1 1 1 1 1 ]
0 12 24 36 48 60 72 X» 103. 4 39.2 16. 0 190. 8
i [6)/h
1 X - 1521 39.2 - 239.5 -64.7
Fig.1 Protease production of Aspergillus oryzae in koji XX, - 126 86.2 - 2047 179.4
X X 187. .2 - 4.1 .
48 h 1X 3 87.9 86 380. 0
X,X3 184.3 51.2 70. 1 298. 4
X,? - 255. 6 108.0 - 496.2 -14.9
22 !
X,?2 - 239.9 38.2 - 325.0 - 154.8
X, - 271.7 38.2 - 356.8 - 186.7
1 2 3
1
Tab. 1 Factors and levels for response surface analysis
P Y Y = 2416, 6+ 156.4X 1+ 103.4X2 — 152. 1X5-
Yo /s Yo /s Xs ' 126X 1 X2+ 187.9X 15+ 184.3X2X5 —
a 15.0 15.0 2.0 255.6X 31— 239.9X3- 271.7X3
13.0 13.0 23.0
0 10. 0 10. 0 20.0 ’
-1 7.0 7.0 17.0 4
-a 5.0 5.0 15.0 4
a= 1 682 Tab.4 Analysis of variance for quadratic polynomial model
2

Tab. 2 Response surface central composite design and corre

sponding experiment results

/(Ulg)
X, X, X

1 -a -1 -1 1965 2 066
2 a -1 -1 2103 2029
3 -a 1 -1 2 055 1905
4 a 1 -1 1 645 1 867
5 -a -1 1 1378 1170
6 a -1 1 1 445 1580
7 -a 1 1 1687 1745
8 a 1 1 2242 2155
9 -1 0 0 1 887 2005
10 1 0 0 2434 2317
11 0 -a 0 1537 1564
12 0 a 0 1938 1912
13 0 0 -a 1963 1904
14 0 0 a 1332 1392
15 0 0 0 2 409 2417
16 0 0 0 2350 2417
17 0 0 0 2 476 2417
18 0 0 0 2394 2417
19 0 0 0 2384 2417
20 0 0 0 2 487 2417

F P

2704 738.0 9 300526.4 14.3 0.0001

X, 118 090. 1 1 118090.1 5.6 0.0392

X, 146 071.0 1 146 071.0 7.0 0.0249

X3 315943.5 1 315943.5 15.0 0.0031

XX, 450. 0 1 450. 0 0.0 0.8866
X1Xs 99 904.3 1 99 904.3 4.8 0.0542
X,X; 271584.5 1 271584.5 1229 0.0049
X,? 117 679. 4 1 117679.4 5.6 0.0395

829523.3 39.5 < 0.0001
1064 150.4 50.6 < 0.000 1

X,2 89523.3 1
Xi2 1064 150.4 1

210121.0 10 21 012.1 13.4 0.006 4
195 569.6 5 39 113.9
14 551. 3 5 2 910.3
2914 859.0 19
R*= 09279, R=0 9633
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Fig. 2  Contour plot of protease activity at various

weights of soy bean and fried wheat
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Fig. 3  Contour plot of protease activity at various

weights of soy bean and water

Fig. 4 Contour plot of protease activity at various
weights of fried and water
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Tab.5 Performance comparison of protease activity between
the modd simulation and experiment results at optr

mum conditions

/(U/ g)
2 455 2414 2%
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2302
, 2455 U/g,
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3 £ &
3 , ,
Design
Expert ,
3D
) 11 3
10 50 19. 6 )
20%
3D ,



426 £ % 5 42 H H K F K %30 %

(References):

[ 1] . [J]. , 2007, 5: 56— 59.
LIN Zur shen. Change of enzyme activity in Asp ergillus oryz ae cultivation and technical optimization[ J] . China Brewing,
2007, 5: 56— 59.(in Chinese)

[ 2] s , . [J]. , 2008, 12: 51- 53.
DENG Jing, WU Hua chang, WU Ming xia, et al. Condition optimization for the production of protease by Asp ergillus
oryzae[J]. China Brewing, 2008, 12: 51- 53. (in Chinese)

[3] : [D]. : , 2006.

[ 4] Krishna C. Solid state fermentation systems— an overview [ J]. Ciritical Reviews in Biotechnology, 2005, 25: 1- 30. (in
Chinese)

[5] . ? 1. , 2006, 1: 28- 3I.

LU Zhao yuan, WEI Ke qiang. Discuss on the high salt liquid state fermentation of the soy sauce[ J]. China Condiment,
2006, 1: 28— 31.(in Chinese)

[ 6] Phiarais BP N, Schehl B D, Oliveira J C, e al. Use of response surface methodology to investigate the effectiveness of
commercial enzymes on buckwheat malt for brewing purposes[ J] . Jounal of the Institute of Brewing, 2006, 112: 324-
332.

[ 7] Elibol M. Optimization of medium composition for actinorhodin production by Streptomyces coelicolor A3(2) with re
sponse surface methodology[J] . Process Biochemistry, 2004, 39: 1057- 1062.

[ 8] s , . [1]. , 2009, 28(1): 53- 56.

LI Lei, YUE Xt hua, YU Huan, et al. Optimization of the extraction of polysaccharide( PAP) by response surface analy
sis[ J]. Joumal of Food Science and Biotechnology, 2009, 28(1): 53— 56. (in Chinese)

[ 9] , s . [J]. , 2008, 35(2): 306- 310.

LIU Dat xin, NING Xt bin, ZHANG Ji lun. Optimization of growth condition of vibrio parahaemolyticus via response sur
face methodology[J]. Microbiology, 2008, 35(2): 306— 310.(in Chinese)

[ 10] , , . -1 7002 [11.

, 2008, 24(1): 130- 136.
ZENG Werr lu, ZHAO Ferfei, CAO Zhao gen, et al. Medium optimization by response surface method for transgenic
synechococcus sp. PCC 7002 with mouse metauothioneir I gene[J]. Chinese Journal of Biotechnology, 2008, 24( 1) : 130
- 136. (in Chinese)

[ 11] Vohra A, Satyanarayana T . Statistical optimization of the medium components by response surface methodology to emr
hance phytase production by Pichia anomala[ J] . Process Biochemistry, 2002, 37(9): 999- 1004.

[12] , , _ 104 (1. , 2009, 25
(6): 863— 868.

WANG Pu, SUN Lr ming, HE Jurr yao. Medium optimization for enhanced production of carbonyl reductase by Candida
tropicalis 104 by response surface methodology[ J] . Chinese Journal of Biotechnology, 2009, 25(6): 863— 868. (in Cht
nese)

[13] s , . 118 [1. , 2009, 35(4): 70— 74.
HAN Jing hua, LI Lu mu, ZHANG Bang hui, et al. Optimization of extraction conditions for 11S globulin from soybean
by response surface methodology[J]. Food and Fermentation Industries, 2009, 35(4): 70— 74.(in Chinese)

[ 14] , . [S]. GB14932.1- 2003

, 2004.

[ 15] s . [J]. , 2008, 4: 67- 70.

ZHANG Yan, FAN Zhtjun. High salt liquid state fermentive technology and hazard analysis in soy sauce production| J] .
China Condiment, 2008, 4: 67— 70.(in Chinese)

[ 16] , . [S]. SB/T 10317- 1999 ,
1999.

[ 17] , s . [J]. , 2006, 25(5): 81-
87.

ZHANG Dong dong TAO Werr yi Cui Feng jie, et al. Optimization of the processing parameters for the extraction of arr
tioxidants from cynanchum auriculatum royle ex wight using response surface methodology[ J]. Journal of Food Science
and Biotechnology, 2006, 25(5): 81- 87. (in Chinese)



