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Process Parameter Optimization for Pectinase Hydrolysis Followed by Microwave Treatment for Promoting

Dissolution of Grape Skin Anthocyanins in Grape Juice Processing

SUN Li-na, MIRIAYI Yilixiati, WU Xiao-juan, QI Yan-long, FENG Zuo-shan*
(College of Food Science and Pharmaceutical Science, Xinjiang Agricultural University, Ur’l]mqi 830052, China)

Abstract: In order to accelerate the dissolution of intracellular anthocyanins into grape juice, Cabernet Cauvignon grapes were
mechanically crushed and subjected to pectinase hydrolysis followed by microwave treatment. The conditions of pectinase
hydrolysis and microwave treatment were optimized by Box-Behnken experimental design combined with response surface
methodology for maximizing anthocyanin content in grape juice. Based on Box-Behnken experimental design, two regression
models describing pectinase hydrolysis and microwave treatment were established. The optimal pectinase hydrolysis condi-
tions were pectinase amount 1.1%o, hydrolysis temperature 40 “C, and hydrolysis time 3.15 h, and the optimal microwave
treatment conditions were grape amount 129.5 g, treatment time 19 s, and number of repeated treatments 3. Analysis of variance
indicated that the two mathematical models were highly statistically significant (P<<0.0001), the lack of fit of each of which was
not significant (P > 0.1), thereby being applicable to analyze and predict the dissolution of anthocyanins during grape juice
processing. Grape juice with a higher anthocyanin content and a brilliant color can be obtained by the combined use of pectinase
hydrolysis and microwave treatment.

Key words: Cabernet Cauvignon grape; anthocyanin; microwave; pectinase; response surface design
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Table 1 Factors and levels in the Box-behnken design for optimizing
pectinase treatment
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Table 2 Factors and levels in the Box-behnken design for optimizing
microwave treatment
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Table 3 Experimental design and results of parameter optimization for
pectinase treatment

BES

K5 A 5 c Y et i /(mg/mL)
1 0 1 1 0.6994
2 0 0 0 0.9611
3 0 0 0 1.0105
4 1 0 1 0.7598
5 0 —1 1 0.7380
6 —1 —1 0 0.7829
7 0 0 0 0.9924
8 0 —1 —1 0.7361
9 0 0 0 0.9812
10 0 1 —1 0.7896
11 —1 0 —1 0.7449
12 —1 0 1 0.7162
13 1 —1 0 0.8234
14 1 0 —1 0.7547
15 —1 1 0 0.8065
16 1 1 0 0.9273
17 0 0 0 0.9859
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Table 4 Variance analysis of the established regression model
describing pectinase treatment
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Table 5 Significance testing of each coefficient of the regression model
describing pectinase treatment
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Fig.1 Response surface and contour plots showing the effects of pectinase
dosage and treatment time on anthocyanin content in grape juice
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Table 6 Experiment design and results of parameter optimization for
microwave treatment

Y ias) I 5 o Y ' fe ot i /(mg/mL)
1 0 0 0 1.412
2 —1 0 —1 1.254
3 —1 —1 0 1.085
4 0 0 1 1.323
5 0 0 0 1.476
6 0 0 0 1.397
7 0 —1 1 1.248
8 1 0 1 1.156
9 0 0 0 1.403
10 1 0 —1 1.133
11 1 —1 0 1.028
12 0 0 0 1.459
13 —1 1 0 1.305
14 0 1 —1 1.289
15 —1 0 1 1.344
16 1 1 0 1.287
17 0 —1 —1 1.152
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Table 7 Variance analysis of the regression model describing
microwave treatment
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Table 8 Significance testing of each coefficient of the regression model
describing microwave treatment

e N B’ c' AB' AC' B'C’ A? B’ c'?
Pff 00419 00029 01598 07316 05591 05881 0.0011 0.0042 0.0436
EZ&TH * *% *k *% *

12 8 [nl A 77 B2 R A MRS 30 T S, B h— Ik
THORE B A (P=0.0419) 3%, IiE] B/ (P=0.0029) 5 &
W2, I A’Y(P=0.0011). B’?(P=0.0042)/ & 2%,
C’2(P=0.0436) % .

222 T A ER e N T ALAL

FEJEAT LA T FR SRR L, X HE AT T 3 A Ak,
EHAEET(ACREIEZHINC,), BRI F AR
18.32(P < 0.0001), I F {545 2.39(P=0.2095), #*
W 3 fai fb 45 ST 47 . a4k s 190 A 7 FE A -

Y '=1.43 — 0.048A’ +0.086B’ +0.030C '— 0.14A '2 —
0.11B’2—0.065C "2 (3)

PR R AT R AR, AR B EIR S R RN
1.372mg/mL, Tl#3 80 &HE AN A'=0.59,
B'=0.39. C'=0.23, HEAT US40 )5 15K 0 i
129.50g. sy i ] 19s (AL V1445 4 18.9s) ki Ik 4L

3R RL TS 1 3.46 7R) o Wi I AL Ak 45 S LI 2. 24
ACERYRE K 2.3 VRIS, B A BEARE 5 5T 48 i R A TR 1
K, BHEERGTRLEZIOH BHA, FRE K.

Y/(mg/mL)

1.00

0.50+1

m 0.004

-0.054

| 118150
0o 118152 1249581 11349

=100 050 0.00 050 100
A
Bl 2 e b [ T R0 45 SR

Fig.2 Response surface and contour plot showing the effects of grape amount
and microwave treatment time on anthocyanin content in grape juice
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