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Table 1 Response surface test factors and levels
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Fig.1 Effects of mass fraction of rice hydrolysate protein on emulsion ESI, EAI and average particle size
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Fig.3 Effects of pH value on ESI, EAI and average particle size of emulsion
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Fig.4 Effect of homogenization time on ESI, EAI and average particle size of emulsion
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Table 2 Response surface experimental design and results

KI5 A B C D F ¥ 45 42/ um ESI/min
1 0 -1 1 0 1.146 1 887.670
2 0 1 1 0 0.962 1 3731.300
3 0 0 0 0 0.949 15 635.000
4 -1 0 0 -1 1.010 8 710.800
5 -1 1 0 0 0911 18 573.000
6 0 -1 0 1 1.070 9 515.000
7 -1 -1 0 0 1.074 5351.330
8 0 0 -1 1 1.021 8 610.000
9 1 -1 0 0 1.297 1 342.350
10 0 1 0 -1 1.027 7 515.000
11 0 0 0 0 0.945 17 379.300
12 0 1 0 0.953 15 509.800
13 0 0 0 0 0.942 18 467.300
14 -1 0 1 0 0.998 13 501.000
15 0 0 -1 -1 1.142 488.630
16 0 0 0 0 0.938 18 488.800
17 -1 0 -1 0 1.003 13 345.300
18 0 0 1 -1 1.106 3 499.990
19 1 0 0 1 1.018 6 539.300
20 1 0 -1 0 1.107 1 103.330
21 0 0 1 1 1.005 12 251.300
22 0 1 -1 0 1.128 3 231.100
23 0 0 0 0 0.845 20 114.100
24 -1 0 0 1 1.015 11 375.800
25 1 0 0 -1 1.401 4 043.800
26 1 0 1 1.228 4 325.700
27 1 1 0 0 1.086 5 146.690
28 0 -1 0 -1 1.222 507.150
29 0 -1 -1 0 1.105 5 738.300
*3 FHHRNEFESWR
Table 3 Analysis of variance table for mean particle size
R R T e B WE % F 1 P1a B HH
AEA 0.39 14 0.028 13.70 < 0.0001 ok
FamEr#A) 0.11 1 0.11 52.33 < 0.0001 ok
A8 & b (B) 0.060 1 0.060 29.61 < 0.0001 ok
pH(C) 3.101x10™ 1 3.101x10™ 0.15 0.7010
¥ Fuat i (D) 0.057 1 0.057 28.16 0.0001 o
AB 5.760x10™ 1 5.760x10™ 0.29 0.6016
AC 3.969%x107 1 3.969%x107 1.97 0.1827
AD 0.038 1 0.038 18.64 0.0007 ok
BC 0.011 1 0.011 5.31 0.0371 *
BD 1.521x10° 1 1.521x107 0.75 0.4001
CD 1.000x10™ 1 1.000x10™* 0.050 0.8271
A? 0.061 1 0.061 30.11 < 0.0001 ok
B? 0.037 1 0.037 18.52 0.0007 ok




#23% HsH W EA W/ KRR EG LS LR T LRIBERBERAR 131
(&£ 3)
kA F A AW ¥ F AL Pt 2 H
c 0.034 1 0.034 16.74 0.0011 ok
D? 0.039 1 0.039 19.08 0.0006 ok
xE 0.028 14 0.002019
EED 0.020 10 0.002044 1.04 0.5286 2
Y% £ 0.007827 4 0.001957
BeS 0.42 28
R? 0.9320
Ry 0.8640
(B34 13.415
L 28/ % 4.25
T R 35 28 5%, P<0.05 % Ras i ik 3% 22 5w, P<0.01; R I,
x4 FAUBEEFESWE
Table 4 Analysis of variance table for emulsification stability
R R A 8w 7 F Pk BEB
AR 1.032x10° 14 7.371x107 14.74 < 0.0001 ok
FamESH(A) 1.949%x10° 1 1.949%x10° 38.95 < 0.0001 ok
w48 & (B) 1.291x10® 1 1.291x10® 25.81 0.0002 ok
pH(C) 2.319x10’ 1 2.319x10’ 4.63 0.0492 *
¥ e 1R (D) 1.270x10° 1 1.270x10° 25.38 0.0002 ok
AB 2.217x10’ 1 2.217x10’ 4.43 0.0538
AC 2.351x10° 1 2.351x10° 0.47 0.5042
AD 7 182.56 1 7 182.56 1.436x107 0.9703
BC 5.149%x107 1 5.149x107 10.29 0.0063 ok
BD 2.566x10° 1 2.566x10° 0.051 0.8241
CD 99 206.10 1 99 206.10 0.020 0.8900
A? 1.412x10° 1 1.412x10° 28.22 0.0001 ok
B? 1.842x10° 1 1.842x10° 36.83 < 0.0001 ok
c 2.430%x10° 1 2.430%x10° 48.58 < 0.0001 ok
D? 1.798x10° 1 1.798x10° 35.94 < 0.0001 ok
K E 7.003x107 14 5.002x10°
% W 5.913x107 10 5.913x10° 2.17 0.2370 2F
YR £ 1.090x107 4 2.726x10°
B o 1.102x10° 28
R? 0.9364
Ry 0.8729
(B 34 10.805
TSt & #/% 24.39

107°C - 0.069D - 0.012AB + 0.031AC - 0.097AD -
0.052BC + 0.019BD + 5.000x107°CD + 0.097A* +
0.076B* + 0.072C* + 0.077D*

ESI = 18016.90 — 4029.67A + 3280.42B +
1390.03C + 3252.99D — 2354.33AB + 766.67TAC -

42.37AD + 3587.71BC — 253.26BD + 157.4CD -
4665.47A% - 5329.18B* - 6121.07C* - 5264.45D?

25 D Z X ki A LA AR E 1R Y

LA EPNAN

JRRP 249 g < R 8 > A o > B BT[] >

pH 1H.,
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Fig.6 Response surface of the interaction of each factors on the average particle size
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Studies on Process Optimization and Stability of Grape Seed Oil/ Rice Hydrolyzed
Protein Composite Emulsion

Zhang Xu, Zhang Hao, Zhao Wei"
(College of Food Science and Engineering, Jilin Agricultural University, Changchun 130118)

Duan Fangyu, Wang Yue, Zhang Ying,

Abstract Oil-in—-water emulsion was prepared from grape seed oil and rice hydrolyzed protein. The single factor test was
carried out by selecting the addition amount of rice hydrolysate protein, oil phase proportion, pH value, high pressure
homogenization time and high pressure homogenization pressure. On this basis, the Box-Behnken test design was adopted
to carry out response surface analysis test with the emulsion particle size and emulsification stability as response values,
and the optimal process parameters were determined as follows: The average grain size was (0.894+0.013) pwm and emul-
sifying stability was (18 157.7+137) min when the addition amount of rice hydrolyzed protein was 2%, oil phase propor-
tion was 10%, pH value was 7, homogenization time was 5 min, homogenization pressure 50 MPa. Under these condi-
tions, the composite emulsion of grape seed oil/rice hydrolyzed protein was prepared, and the changes of emulsion parti-
cle size, emulsification index and microstructure were investigated at 1, 7, 15 d and 30 d, respectively, to evaluate the
storage stability of the emulsion. The results showed that the emulsion was oil-in—-water type, and the oil phase was
evenly dispersed in the water phase. The emulsion appearance did not change significantly within 30 days of storage. The
emulsion particle size increased slightly with the increase of the storage time, and the emulsification index decreases
gradually.

Keywords grape seed oil; rice hydrolyzed protein; emulsion; stability



