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Design Expert Box—Behnken ( BBD)

Optimum process of Escherichia coli of chlorine dioxide inactivation on
eggshell by response surface methodology

LUO Hong-xia' REN Fa-zheng’ GUO Hui-yuan’ ZHAO Lei'
HUANG Yan-fang' WANG Chang-gang' WANG Jian'

(1.Food Bioengineering Department Beijing Vocational Agriucltural Beijing 102442 China;
2.College of Food Science & Nutritional Engineering China Agricultural University Beijing 100083 China)

Abstract: By using Design Expert software in accordance with theory of Box—Behnken design the condition that
Escherichia coli of eggshell of fresh eggs killed by chlorine dioxide as a response of four variables was
researched.Then the fitted multivariate quadratic regress model was obtained.The model was optimized by manual
operation. By utilizing optimization model process parameters of ten groups were optimized. The process
parameters were tested and verified.
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F P
14.16 8 1.77 164.07 <0.0001 Kxk
X, 5.06 1 5.06 468.70 <0.0001 Hekk
X, 1.88 1 1.88 174.26 <0.0001 *kk
X, 0.078 1 0.078 727 0.0139 *
X, 4.12 1 4.12 381.71 <0.0001 Kok
X, X, 0.034 1 0.034 3.17 0.0901
X, X, 0.10 1 0.10 9.49 0.0059 *
X2 2.89 1 2.89 267.91 <0.0001 Hekx
X2 0.049 1 0.049 458 0.0448 *
0.22 20 0.011
0.20 16 0.013 3.68 0.1080
0.014 4 3.430E-003
14.38 28
R* =0.9850 R}, =0.9790 R}, =0.9593 Adeq Precision =52.256
L kkk P <0.001; ** P <0.01; * P <0.05.
1:10 2.
o 2  Box-Behnken
ImL X, X, X, X, Y
1 -1 1 0 -1 4.79
L 2 -1 -1 0 0 4.98
3 1 -1 0 0 3.34
(37+1)C 45~48h 4 0 0 1 1 5.8
5 -1 0 0 1 5.68
’ . 6 0 -1 1 0 5.02
7 0 1 1 0 5.70
8 0 -1 0 -1 4.70
30min . 9 0 0 -1 1 571
1.2.3 10 0 -1 -1 0 4.77
Clo, 10mL 11 1 0 1 0 4.12
i 12 0 1 0 -1 5.01
122 53 13 -1 0 1 0 5.28
14 -1 0 -1 0 5.02
L4 : 15 1 1 0 0 433
16 0 0 1 -1 4.68
~1gN /Ny N, N 17 0 1 -1 0 536
cfu/mL. 18 0 -1 0 1 5.51
1.2.5 19 1 0 0 -1 3.11
Design Expert7.0 20 1 0 0 1 4.64
( RSM) Box— Behnken ( BBD) 21 1 0 -1 0 4.02
pH.CIO, . . 4 22 0 0 -1 -1 4.53
XXX, X, 3 23 0 1 0 1 6.00
24 -1 1 0 0 5.80
—1.0v+1 Y 25 0 0 0 0 521
1. 26 0 0 0 0 5.36
1 Box-Behnken 27 0 0 0 0 5.25
28 0 0 0 0 5.28
X, X, ClO, X, X, 29 0 0 0 0 5.32
pH (mg/L) (°C) ( min) Design Expert7.0
+1 6 60 30 15 :
0 5 50 25 10 Y =5.28-0.65X, +0.40X, + 0.081X, +0.59X, +
ml 4 40 20 > 0.093X,X, — 0.040X,X, + 0.16X,X, — 0.052X,X, —
2 0.048X,X, + 0.005X,X, -0.65X> + 0.013X:-0.012X; —
2.1 BBD 0.085X’ (1)
Design Expert7.0 Box—Behnken
Box—Behnken ( BBD)
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Y
X1 Xz X3 X4 ( %)
1 4.12 52.88 25.11 5.70 5 5.11 2.20
2 535 42.69 20.74 13.43 5 521 420
3 4.07 40.54 24.28 9.74 5 5.02 0.40
4 5.06 40.80 29.89 10.37 5 5.12 2.40
5 4.07 50.72 21.15 7.06 5 5.13 2.60
6 571 55.28 2022 12.62 5 5.20 4.00
7 5.07 55.22 28.16 6.25 5 5.16 3.20
8 5.21 48.87 2541 9.41 5 5.17 3.40
9 5.00 59.47 25.07 5.05 5 5.06 0.12
10 4.06 40.83 25.03 9.55 5 5.23 4.60
: pH 4~6
Y =5.28-0.65X, + 0.40X, + 0.081X, + 0.59X, + .
0.093X,X, +0.16X,X,-0.65X;-0.085X: (2) 2 50mg /L.
(2) 3. 25°C pH
3 : X, X, X, X, ;
X; X; : pH 4~6 o
X, X, X, X, . F= 1. 2
164.07 P <0.0001 pH ; pH
. R’ =0.9850 2.2
R}, =0.9790 R},
=0.9593 97.90% 10°cfu/g * mL
: ( Adeq (2) o
Precision) 52.256 Design Expert 10
4
5 2.71%
pH > > o
Clo, > o 3
o ( RSM)
Y =528 -0.65X, + 0.40X, + 0.081X, +
0.59X, +0.093X,X, +0.16X,X,-0.65X>-0.085X} .
( RSM) 5
4 10
1
1 . J.
2001 22(3):91-94.
._ 2 . T
e V2 3 50550 e
*?@,r,y,.‘,_“'“?su s {}3@9‘\ 2005(2) : 68-71.
L/ ; 500 %00 g 3 LI Q H FU C L.Application of response surface methodology
/7
) pH Y forextraction optimization of germinant pumpkin seeds protein
J . Food Chemistry 2005 92(4) : 701-706.
1 25°C ~ 10min pH
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5
(h) 0.5 1 1.5 2 2.5 3 3.5 4 45 5
() 31 35 39 42 45 51 51 54 55 52
6
(g/100g) 37.0 21.1 7.8 2.1 <0.1
2.4
° S5g- 6g- 4g
. 150g .
2.5
o 10d( 30d) .
3%
20°C . . s
2.5% 3% 3.5% 16.20.24°C 26
° 6.
4 6 .
1+G
27.2 3.6 6.4 9.6 1.2 48 2.7
(kg)
80~100mL
8000
1 20°C ’
3
25% 3%
3.5% 4h
. 3%
10 1
9
—_— H i
R Il
E 9]
= 5 .
T4
2 )
! L ) L "
%0 05 1| 15 2 25 3 35 4 45 5 : I. 2006
I 5] (h) (6) :23-25.
1 2 5% .
5 4.5h . 2010( 3) : 19-22.
4h 3 ) J.
4.5h 0.5h 1 2007(2) : 166-169.
;3h 3.5h 4 .
4h  3h . I. 2011(4) :20-22.
( 285 )
I 2004 25(3): 101-106. 24(23) :9-11.
5 ) M. 8 : 1.
2006: 143-163. 2003 30(5) :22-23.
6 . M . : 2002: 9 .
450-451. J . 2007 28( 12) :96-100.
7 . . 10 .Design—expert J.
. J . 2001 2008( 10) : 98-104.
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