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Preparation Process of Bean Dregs Soy Sauce Koji Based on Comprehensive
Enzyme Activity Optimization
DUAN Song-lin' ,PENG Rong', YIN Zhong-yi', GOU Ting-ting' ,DING Qian',ZHENG Xu-xu', YAO Shi-yong’

(1. College of Environment and Resources, Chongqing Technology and Business University, Chongging 400067 ,China; 2. Neijiang Environmental Moni-

toring Center Station, Neijiang 641100, China)

Abstract: In order to obtain the optimal preparation technology of soybean residue soy sauce koji , we took fresh bean residue
as the raw material and comprehensive enzyme activity of protease, cellulase, glucoamylase and amylase as the index, and
study the influence of the raw material ratio, cooking time, inoculum size and culture temperature on the quality of soy sauce
soy sauce by using the response surface center composite design experiment method to obtain a optimal preparation process of
soybean residue soy sauce. The results showed that: the regression model of the enzyme activity of soybean residue soy sauce :
Y =548.78 - 110. 634 - 18. 86B + 3.89C - 69. 80D - 0. 56AB + 1. 45AC - 0. 62AD +2.83BC - 19.41BD + 12.57CD -
12.054% —=0.093B> —38.04C> —24. 55D +22. 15ABD +40. 84A2D +55. 76AB’ , where in the enzyme activity weight values
of cellulase, neutral protease, amylase and glucoamylase were 17% , 18% , 37% and 28% respectively. The order of influ-
ence of the four process variables on the comprehensive enzyme activity was: raw material ratio > culture temperature >
cooking time > inoculation amount, the optimal preparation process of soybean residue soy sauce was: raw material ratio 3:
1, cooking time 18. 00 min, the amount of inoculation 0. 001 g-g~", culture temperature 27°C. In this conditions, the com-
prehensive enzyme activity of soybean residue soy sauce 652. 109 + 11.333 pg™", the average value and the model predicted
value of 656. 161 g™ was with difference of 0. 618%. It suggested that the weight values of the four enzyme activities deter-
mined by the response surface statistical analysis method are effective in the comprehensive enzyme activity, and the estab-
lished response surface model can be used to predict the preparation process of the soybean residue soy sauce.
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Fig. 1 Preparation of soy sauce song flow chart
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Table 1 Factor level table
K2 factor
7K Level A J5RHL B Z& N [1) C i D Fi 3R BE
A Raw material ratio B Cooking time/min C Inoculum/(g-g™") D Culture temperature/°C

-2 2.00 10. 00 0. 00050 24.00

-1 3.00 13.75 0. 00075 26. 00

0 4.00 17. 50 0. 00100 28.00

1 5.00 21.25 0. 00125 30. 00

2 6.00 25.00 0. 00150 32.00
) BEEELNME BRI R BCE AT e 10 B R Ik, 45 21 £ 2 2K 7l |

2.1 MaRZE S RARBE ST
FIH Design-Expert 8. 0 ZA4-%t 4 Ff 3= Hi1E

rh B8 1 T T RO £ B 1 TS T A 2R By
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Table 2 Response surface experimental design and results
A YIRS 1
A JRHE BEEMN  C B E RECEDL): Biological enzyme activity/(U-g~") LRETERG
F5 A Raw o ) D Culture Comprehensive
Number  material B Cookingtime C Inoculum tomperatire Y, 1R Y, PR - Y, ML enzyme
. /min /(gg™") e Y, Neutral ’ Y, Saccharifying . . »
ratio a Y, Cellulase : Y; Amylase activity/(p-g™")
protease enzyme
1 4 17.50 0. 001 28 75.26 1449. 39 176. 50 448. 69 464. 62
2 4 17. 50 0. 001 32 137. 14 503. 89 197. 36 453.22 313.94
3 4 17.50 0.001 28 111.99 1935. 36 168. 61 594. 08 596. 13
4 5 21.25 0. 001 26 91. 44 1556. 91 149. 58 211.30 410. 30
5 4 17.50 0. 001 24 93.75 2071. 04 184. 96 485.70 593. 15
6 5 13.75 0. 001 26 56. 42 1579.52 201. 11 355.92 467.97
7 3 13.75 0. 001 30 126. 37 1797. 12 224. 18 466. 49 558.53
8 4 17.50 0.001 28 63.94 1062. 83 155. 64 504. 75 401. 09
9 5 21.25 0. 001 26 91.39 1778. 35 144. 20 169. 92 436. 57
10 2 17. 50 0. 001 28 77. 41 2020. 69 295.70 851.77 724.79
11 5 13.75 0. 001 26 60. 63 1726. 29 179. 38 310. 16 474. 26
12 4 17.50 0. 001 28 116. 15 1806. 51 176. 40 476. 95 543.73
13 3 21.25 0. 001 30 127.97 1399. 47 207. 26 404. 80 463. 69
14 4 17. 50 0. 002 28 82.78 1097. 13 157.75 457.43 398. 00
15 4 17.50 0. 001 28 121.01 1886. 29 182.74 464. 93 557.90
16 5 13.75 0.001 30 126. 32 1174. 19 195. 63 454.78 432.55
17 3 13.75 0. 001 26 58. 88 1698. 99 214.37 455.71 522.74
18 4 25.00 0. 001 28 123.71 1568. 43 190. 63 523.18 520. 37
19 5 21.25 0. 001 30 113.19 1155. 41 163.23 218. 80 348. 88
20 6 17.50 0. 001 28 77.77 870. 40 121.32 240. 98 282.25
21 4 17.50 0. 001 28 110. 94 1707. 09 196. 01 638.75 577.51
22 5 21.25 0. 001 30 125. 87 1154. 99 162. 08 362. 01 390. 63
23 3 13.75 0.001 30 117.45 1445.97 270. 90 650. 93 562.73
24 5 13.75 0. 001 30 123. 36 1019.73 193. 80 372.01 380. 39
25 3 21.25 0. 001 26 107. 33 1949. 87 214.37 468. 52 579.73
26 4 10. 00 0. 001 28 132. 48 2012. 59 209. 28 429.01 582.34
27 4 17.50 0. 001 28 115.35 1742.93 173.90 553.95 552.79
28 3 21.25 0. 001 26 114.59 1953. 28 194. 57 471.33 575.03
29 3 21.25 0. 001 30 121.31 989. 44 235.04 449. 16 411.45
30 3 13.75 0. 001 26 63.03 1679.79 230. 52 526. 15 545. 69
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Table 3 Analysis of variance of regression equation

T7 2R IR A ¥ F {8 Py 2
Source Sum of squares daf Mean square F value P value Significance
Model 276356.70 17.00 16256. 27 16. 66 < 0.0001 .

A 97919. 49 1.00 97919. 49 100. 34 < 0.0001
B 8532.93 1.00 8532.93 8.74 0.0120
C 363. 18 1.00 363. 18 0.37 0.5532
D 38981. 06 1.00 38981. 06 39.95 < 0.0001 .
AB 5.06 1.00 5.06 0.01 0. 9438
AC 33.53 1.00 33.53 0.03 0. 8560
AD 6.07 1.00 6.07 0.01 0.9384
BC 128.13 1.00 128.13 0.13 0.7234
BD 6026. 50 1.00 6026. 50 6.18 0. 0287 .
cD 2529.23 1.00 2529.23 2.59 0. 1334
A2 3983. 88 1.00 3983. 88 4.08 0. 0662
B2 0.24 1.00 0.24 0. 00 0.9878
2 39700. 25 1.00 39700. 25 40. 68 < 0.0001 .
D2 16525. 40 1.00 16525. 40 16.93 0.0014 .
ABD 7848. 64 1.00 7848. 64 8.04 0.0150 .
A2D 8894. 93 1.00 8894. 93 9.11 0.0107
AB2 16579. 50 1.00 16579. 50 16. 99 0.0014 s
5% 2% Residual 11710.29 12.00 975.86
He Ul Lack of fit 1434. 87 7.00 204. 98 0.10 0. 9957
2152 Pure error 10275. 42 5.00 2055. 08
.25 Cor total 288066. 90 29.00

*REEAS YL 22 R (P <0.05)

*

M3 AT LUE BRI AL P <0.000 1,
SRR TR LI P =0.995 7 >0.05 HA AR
M VIR BT R B S 12 0 S, T
25 A G SIS 0 [ 031 X 38 P 4804 P A i, ml
TR 2 A BT AT A A

AR D HZE P<0.000 1, 5ZmdEH B3%&;B H#E

TGRS I B E 2R R (P <0.01)

and ** represent the significant difference among groups at P <0.05, P <0.01.

P<0.05,2m B E;CHE P >0.05, 520N L%,
RIJEORE LG (2% 8 18] 5% 7 B 52 MR 2 3, e
M AR o AR F (R R/ NI T LA H A >
D>B>C, UM OB B IR BE 8 R I 1R 25
BRI 7 BRI R R T b B 0] 2355 TG 7 )52, L



6 1] B bR T LR A MG DA no =t i mh i s T2 959

IEE SN UECE S G
2.3 ZEERSH

1143 I%1,BD . C* D ABD A’D AB® X} il %
Bl 25 £ T J7 R0 5 YT JEURL L 8% 5R

LRETMRE
28.64 Comprehensive enzyme activity/(U * g™')

[580]

I [600]

27.64 -

26.64- ‘ \\
620 3 \

[620

I IR
Culture temperature/ °C

TR 2 A ) HBh i 4 AR TR] 77 16 i VR IR
Mg 3

FEMPIAZEAE I, A BD fy P <0. 05, X5
SN AR R R RS RSS2 R

LA RS
Comprehensive enzyme activity/(U * g7)

23'252’i'0‘5. : 3.8
885" _—25.01
5 i 16.65 ~_ 2675
sl 1444~ 2848 BRI

Cooking time/min

12.24730.21 Culture temperature/ “C

2 FHAMBMBEFREENZTELMN

Fig.2 Interaction between cooking time and culture temperature

= \

Y \
25.64 - 600 ) \
R e
\\ 1640) V‘

24.64-8 s
14.05 15.55 17.05 18.55 20.05 21.55
ZEAEE
Cooking time/min
H P 2 WA, 3% 55 R 3 R 7% 2 1) [) 9 K] 3% (R A

EMEVER , 2 A B 1 2B BT R R R AR 1k
R ot SN SN B VR S AR B NG (B E
B5 IR 2% 2 I 1) 58 AR FH Y %5 s 4 i IR
PSS AR 7 YR — e, B
ZE I ] B, 2355 Bl ) 2B R TR
A FEZE AT R] 18. 00 min P 3T ik B e KA 5 2425
AW —E B, b A B AR IR R BT, 255 WS )
SIS TR T RER S TERE IR 27°C [
IR BN KAH, [F] B = 4 37 A 25 ¥4 75 28 34 15 [] 18. 00
min 35 IR 27 °C BT AR 25 A BT AR A
2.4 REDW

FIFH Design-Expert 8. 0 {4 X 155 Y i) K5 %5 i
ZICAHE R B TG B RS0 R AT TR, 2
XF [BH R 2E A T 400 . HAS R SR 4 iR

*4 EREFBRRESWE

Table 4 Error analysis table of regression equation
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