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Optimization of Enzymatic Hydrolysis of Ovalbumin for Production of
Antioxidant Peptides Using Response Surface Methodology

XU Ming-sheng DAI Haodiang WU Shao4u DU Hua-ying

( College of Food Science and Engineering JAU Nanchang 330045 China)

Abstract: In order to optimize enzymolysis conditions for production of antioxidant peptides from egg
ovalbumin. Hydroxyl radical scavenging activity was chosen as the response value on the basis of single factor
test combined with central composite experimental design principle response surface methodology was used
to optimize the technical parameters. The optimum hydrolytic conditions were substrate concentration 3. 24%
with enzyme concentration of 11 332. 12 U/g pro and enzymolysis time of 7.8 h. The maximum scavenging
rate of hydroxyl radical was 44.2% . The relative error was 4. 088% and the actual experimental value was
basically consistent with the predicted value of the model. The predicted model could reflect actual circum-—
stances well. Their predictive models are feasible in practice.
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3h RP - HPLC

Ovokinin(2 -7)  0A359 - 364

o Fujita °

0A358 -365;

1
1.1
( A5503. 98%) Sigma ; : P7000 Sigma ( 517 080 U/g);
o - Sigma ; ( Tris) amresco ; ( TBA) :
1.2
UV =754 ( ) LXJ - 1IB (
) ; TGL —20M ( ) o
1.3
pH
o 1 mol/L. NaOH pH
pH7 5 min 2 000 g 10 min
1.3.1 3% E/S8000 Ul/g 0.51 23
456h o
1.3.2 pH 2.0. 37 C 8 000 U/g-
6 h (%)1.5.2.0.2.5.3.0.3.5.4.0
DH o
1.3.3 3% pH 2.0. 37 C
4 000 U/g.8 000 U/g-12 000 U/g 6 h
DH o
1.3.4 o
Box — Behnken N ( Re-
sponse surface methodology RSM) 3 Xy~ %y~ X +1.0. -1
N z;= (%, —x,y) /Ax o z; X,
X Ax
2% ~4% 6 000 ~12 000 w/g-4 ~8 ho 2
Design — Expert 6.0. 10 o
1.
1
Tab.1 Code and level of factors chosen for the trials
Symbol coded Level
Factor Code Uncode -1 0 1
/% Substrate amount z X 2 3 4
/(*g™") Enzyme concentration % % 6 000 9 000 12 000
/h Reaction time Zy X 4 6 8

zy=(x, =3) /1;z, =(x, =9 000) /3 000; z; =(x; —6) /2,
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1.3.5 (1) ( Degree of hydrolysis DH) ’ (%) =( /

) x100% -

(2) : ( GB5009.5 -2010) .

(3) 0 10 mL 100 mL 60 mL

0.050 mol /L. pH =8.20 10 mL( pH =9.20)
0. 050 mol/L. NaOH pH =9.20 0. 050 mol/L
( mL) o
(V-V,) xNx0.014
= 0 x 100%
v V! N
(4) * OH ( ) "% 0.2 mL(10 mmol/L)  FeSO, — EDTA
0.5 mL ( 10 mmol /L) o - 0.2 mL
0.1 mol/L (pH=7.4) 1.8 mL 0.2 mL H,0,( 10 mmol/L)
37 C 1h 2.8% ( TCA) 1 mL 1% ( TBA)
1 mL 15 min 532 nm A
A, o * OH SA( Scaven—

ging activity)

Ay —A
SA(%) = OTXIOO%
0

1.3.6 Design — Expert6.0.10  DPS( V6. 55 )
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W
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Fig.1 Effects of various protease on degree of hydrolysis of ovalbumin
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Fig.2 Effect of substrate concentration on ovalbumin hydrolization
2 DH
2% ~4%
2.3
3 DH 8 000 u/g 12 000 u/g
DH SA (p<0.01)4 000 u/g 7 8000 u/g 12000 u/g
(p>0.05)
o 8 000 ~12 000 U/g °
40 70
R 4 60
£ %0 L~ E s
= R
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=z 20 g
E 3 & 230
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10 & 20
ol 10
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3
Fig.3 Effects of pepsin concentration on ovalbumin hydrolization
2.4
2.4.1
Design — Expert 6.0. 10 o 17 2,
2 ()

Y =39.3-0.23z, +8.8z, +2. 15z, —=0. 032z, = 5. 62,> =0. 53z, +0. 1z,z, +0. 12z,z, —0. 13z,z,
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Tab.2 Experimental designs and results
Response
Std Run %, X, X
Observed response Predicted response
11 1 IBFact 3 6 000 8 26.77 26. 66
14 2 Center 3 9 000 6 40.07 39.30
4 3 IBFact 4 12 000 6 42.45 42.35
17 4 Center 3 9 000 6 39.10 39.30
3 5 IBFact 2 12 000 6 42.97 42.60
10 6 IBFact 3 12 000 4 39.84 39.95
2 7 [BFact 4 6 000 6 24.17 24.54
12 8 IBFact 3 12 000 8 43.63 44.00
16 9 Center 3 9 000 6 39.73 39.30
8 10 [BFact 4 9 000 8 41.05 40.79
5 11 IBFact 2 9 000 4 36.67 36.93
9 12 IBFact 3 6 000 4 22.45 22.08
13 13 Center 3 9 000 6 38.39 39.30
7 14 IBFact 2 9 000 8 40.99 41.00
6 15 IBFact 4 9 000 4 36.24 36.23
1 16 IBFact 2 6 000 6 25.1 25.2
15 17 Center 3 9 000 6 39.22 39.30
« )

Y= —47.5 -0.709x, +0.014 2x, +2. 69x; —0.032 2x,> 0. 000 000 622x,> —0. 133x,> +0. 000 034 2x,x, +

0.061 2x,x, —0. 000 022 1x,x,

3 4, 3 ' F
=259.1> (Fy 04 =14.66) P <0.01 JF = 0.59 <(Fy 05 =8.81)
P =0.6551>0.05 o
R>=0.993 2 99.32%
4 x,( P =0.306 2) . x,(P<0.000 1) .
x,( P <0.000 1) ) ; x,*(P=0.912 8) w,’(P=0.103 2) W, (P <0.000 1)
; x,2%,( P=0.7355) \x,x5( P=0.6869) x,x,( P =0.663 2) o
1Y = —48.1-0.228%,
+0.014 1x, +2.68x, —0. 000 000 622x,” —0. 133x,°- Fo=0.31<(Fyossy =
3.97) P=0.914 2>0.05 ; F
=682.09 > ( Fy 0,54 =15.52) P <0.01 0.993 5
Xq %y Xy 4. 5. 6 o
4 %, =6 h o
(x,) 2% ~4% 1%; (x,) 6000 ~12 000 u/g

3000 u/g
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Tab.3 Analysis of variance (ANOVA) for regression equation
F
Variance source Sum of squares df Mean square F alue P
Model 792.65 9 88.07 259.1 <0.000 1
z, 0.41 1 0.41 1.22 0.306 2
z, 619.52 1 619.52 1822.59 <0.000 1
Z, 37.15 1 37.15 109. 30 <0.000 1
2, 0.004 1 0.004 0.013 0.912 8
2’ 131.91 1 131.91 388.08 <0.000 1
7’ 1.19 1 1.19 3.51 0.103 2
z,7, 0.042 1 0.042 0.12 0.7355
z,7, 0.06 1 0.06 0.18 0.686 9
Z,7, 0.070 1 0.070 0.21 0.663 2
Residual 2.38 7 0.34
Lack of fit 0.73 3 0.24 0.59 0.655 1
Error 1.65 4 0.41
Total 795.03 16
R* R - squared 0.997 0
Adj —R* adj. R - squared 0.993 2
4
Tab.4 Test of significance for regression coefficient
95%
Coefficient  Coefficient estimate df Standard error Low High d
B, 39.30 1 0.26 38.69 39.92 <0.000 1
B, -0.23 1 0.21 -0.71 0.26 0.306 2
B, 8.80 1 0.21 8.31 9.29 <0.000 1
B, 2.15 1 0.21 1.67 2.64 <0.000 1
B, -0.032 1 0.28 -0.70 0. 64 0.912 8
B,, -5.60 1 0.28 -6.27 -4.93 <0.000 1
By, -0.53 1 0.28 -1.20 0.14 0.103 2
B, 0.10 1 0.29 -0.59 0.79 0.7355
B, 0.12 1 0.29 -0.57 0.81 0.686 9
B, -0.13 1 0.29 -0.82 0.56 0.663 2
Y ) Y o
5 x, =9 000 u/g
o (x,) 2% ~4% 1% (x;) 4~8h 2 h
Y
) Y
6 x, =3% o
(x,) 2h

6 000 ~12 000 u/g 3 000 u/g; (x;) 4~8h



*595 -

DESIGN-EXPERT Plot

SA
Actual Factor ==
PRy 42873 07=
3829041
337078
2912514
2454251
1200000 *

10/500.00 *

9000.00 =

B : [E] 7 50000"
6 000,00 *2 00

4

=250

DESIGN-EXPERT Plot
A 12 000,00 9
i
&2:'5;1‘,’,’"'5 10 500.00
C =600
900000
=
7 500,00
400 8
a0 600000 4
3.00 i
AlS]

SA

19626

h02337
5R3N7
36762 R|

337078
275974
3.00

AlS]

Fig.4 Response surface plot for hydroxyl radical ( HO +) scavenging rate as a function of substrate concentration
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Fig.5 Response surface plot for hydroxyl radical ( HO +) scavenging rate as a function of reaction time
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Fig. 6 Response surface plot for hydroxyl radical ( HO - ) scavenging rate as a function of enzyme amount
and reaction time
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5 10 =40%
Tab.5 Verified results of hydrolization parameters of optimum ten groups from regression equation

with the predicted response value more than 40 %

Variable Response 1%
Order 1% %, o /h ( =40%) Relatively
H(u+g™h Predicted response Observed response error
1 3.32 10 468.02 4.29 40.000 1 42.53 6.33
2 2.72 9 500.73 5.40 39.999 6 43.25 8.12
3 2.31 8 957.29 6.72 39.998 8 37.36 6.60
4 3.76 11 176.63 4.05 40.000 2 40.58 1.45
5 2.22 9 449.11 5.42 39.998 9 41.14 2.85
6 3.17 9 099.31 6.44 39.999 5 39.42 1.45
7 2.17 8 921.75 6.83 40.001 6 41.76 4.40
8 2.86 8 772.61 7.58 39.998 5 40.38 0.95
9 2.92 8 738.24 7.77 40.001 3 38.96 2.60
10 3.45 9973.34 4.81 39.999 0 42.45 6.13
10 y =
40% 4.088; 2% ~4%
6 000 ~12 000 u/g 4~8h .
Design Expert
3.24% . 11 332.12 u/g- 7.80 h
44.20,
3
Y= -48.1-0.228x, +0.014 1x, + 2. 68x,
—0.000 000 622x,” —0. 133x,”, .
3.24% .
11 332.12 u/gs 7.80 h 44.20% o
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