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Optimization of Preparation of Cabernet Sauvignon Grape Juice with
Compound Enzymatic Hydrolysis by Response Surface Methodology

WANG Jin, FENG Zuo-shan, HONG Mei-ling, GAO Xin—yu,Maerhaba - Paerhati, XIE Yuan,BAI Yu-jia®

(College of Food Science and Pharmacy, Xinjiang Agricultural University , Urumgqi 830052, China)

Abstract ; In order to optimize the compound enzyme to prepare grape juice, Cabernet Sauvignon was used as raw materials , and

pectinase, cellulase and B - glucanase were used to prepare Cabernet Sauvignon grape juice. Single factor experiment was

conducted to study the effects of compound enzyme addition amount, compound enzyme ratio and the enzymatic hydrolysis time

on the juice yield and anthocyanin content of grape juice.Box—Behnken response surface methodology was used to optimize the

process of compound enzymatic hydrolysis of grape juice. The effects of different enzyme treatments on the content of

proanthocyanidin in grape juice by high performance liquid chromatography (HPLC ) was also studied.The result showed that the

best technique parameters were : compound enzyme addition amount of 0.66% ,compound enzyme ratio of 1: 1: 1 ,and enzymatic

hydrolysis time of 6.30 h.Under this process condition, the juice yield was 87.103% =+0.471% ,the anthocyanin content was

(254.664 £2.359) mg/L.The proanthocyanidin content of the compound enzyme treated grape juice was significantly higher

than that of the single enzyme treatment(p <0.05).
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FetsHES T2 IR IR B . [RIB W A5 A R K2 b i AE
TR AR G R A IR E R T kA &
JR AT ZI

T4 RZ 40 M BE b 5 R RS R AT 4k AW T, B
{57 21 it B A8 JEC 1 1 TR M , S RS il L 27 4 R il B — i 2R
PR 5 DR SR e S £ 4l I E W) TR 7T 4 K, 48
PN TR O A ) T AR R e, B R
AR TGO JEAH RS ZMAISHE BT L .

AT 2R & A g (R IBS B L £F 4t 2 B 1 B— i
TEMET ) X R BB 2 R I AT A B, DA A T AR
7 S VH 2R FE b, IR AN [R] il fi 4% 170 %) 4
sz, IO A 3R AT I A A A T 25 AR, Rl
FH S RO A (6.3 7 (HPLC) HL 3 s — il A1 52 45 Tl 47
LI A I PR AR E RS |2, BT A
TP EEL AL 3 T 20 R A — o i 3R SR Al RTAR i
[ A, Sy 2 v 4 28 SR VT 1 E TR (B R A 2 Y B
E =
1 MRS
11 BRSNS

GINEEES S R = o i s N B LS A R i |
2 R A AP AR B M, TR LU R R R SRR /N
A1, AT EDIE Y & LR 24 °Brix,

SRIBEREEF (10000 U/mL) | 2T 4 Z fiff (700 U/mlL) |
B— IR AENE (5000 U/mL)  RESAEE (TP E) 4
PARARAE; JFAAFTERW( >98% ) gkt
AR A RAE; FEE(Aiga) . OF (A%
gli) ZE[E Sigma N F ;3,5 Y IE KA R (45 5 T
(Ortfral)  REEERL T HRAE; IE T B Wbk
E R EUE AN IR R IR A A RE L TJE K
CREN VK TR | TG /K Ak T8 B9 TP A7 TR B 4 L SV A 1R
B TCKCEE(S3Tat)  REDCERMEARA A%
BT WA (hgkal) Jb REEREEA R
NI

FA2104N BIGHT R 1 Vg BT RS 25 Bl 24U 3%
AR HE ;YP2002 #UH, R Vg B2 S
B BRA T FE20 A pH 11 MR —FE R 2408 ( B
W) A RATF ; TCGL-16G B S R .ol Rig%
BERLALAY BT DZKW-S—4 B #HUE R KB b
HHI K G BT AR A BR S F] ; TU-1810 #U#4h—TT
WAree et b nt ATl AL SR A BR 53R A
LC-16 BRI AR A B AR S HEVA ] ;MYPL1-2
RUTE G F1 I FEas AR A S R i 1 A B
A TH];KUDOS i SK & A3yl HigfRl s
AR A B 7] s N-3000E BB DL 7504 i
RS A IR A
1.2 XZWH*E
12,1 MV T T 20 e i R B 2R 2
Ve e N T BRAE AR kT, FRE 250 g FRj 45 SR I T
BEMRH OB T 4 CUkFE L IE B SR pH 21T, &5 &
B AR AL B IS, s, b8, A8 B IR S R LT A T

F ERPTARLL & T 8000 v/ min B S5 F T B
> 20 min, AR ISR AT -
1.2.2 AR ZESZ
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1.2.2.1  E G FGE &% 4 49 Lyt R & =
MYsZI IR 1.2.1 Jr iR A s aivt i SR £F 4k
Rl - RN L S AAFREC L = 10 12 1 B I (8]
6 h, /e G lEds & 0.2% 0.4% 0.6% .0.8% .
1.0% A4 T AT B A, B 0o B WS VR, THER A 48 vt
SEITIN E A & &, 08 ol B2 S EEE NS
1.2.2.2 5 HEND O XA 45 10 TE SR AE O & B
W $RIE 12,1 Jr RS A v, 11 A G i S o
0.6% , FigfiE A Ta] 6 h, FEATEEMR , 53 9 AL - £F 43R
fify : —HI TR AHAG 2 S ABAC L 0:1:1.1:1: 0,1: 0: 1,
L1 VSRR, B0 B 9 WK, 138 4 4 HE v 238 4 T
EAL T S i, i ol A R L .

1.2.2.3 [ fige ik (o) X485 4 v SR RIAE G & S 1 52
ma AR 1.2.1 J7 ik A A A, R A S S &=
0.6% Z G EHABECLY 12 15 1, 53 50 46 B Mg B [R] 2 .4
6.8 .10 h £/ FATHE M, 250 B F s WK, T 4
A8 LD VSR T 00 8 A 0 B i, W el A P T
1.2.3  mapy g e it RIS 52 G Tl 1 B R 3R I
BaE R, DI GBS 25 BTG L | A I TR =
ANHERRMEN B 2B 5, A AT 0 v R AL A S =
A BB, 2K A Design — Expert 8.0.6 %X {2} 1 Box —
Behnken Hu0>2H G 3R 56 P 3 = IR 2K = 7K S Wi 57 TG 49
Priskser (L3R 1), e 2 v 5w i 4578

FL WS R OKER

Table 1 Factors and levels table of response surface analysis
BES
AP A E AR B G C. A 1]
(%) (Vi : Vg :Vg) (h)
-1 0.4 1:1:0 4
0 0.6 1:0:1 6
1 0.8 1:1:1 8

1.2.4 A~ [ i A Ak HR o 3 28 1 46 7 22 A 1 Y B i)
Sy SNFREL 4 1y 250 g 4 RIK , BT FEA T, 4 B
il 0.66% (m/V) 2R BERF . 0.66% (m/ V) WET4E =R
fitf .0.66% (m/ V) 11 B— i AMH M .0.66% (m/V) [ 5R
JEC Tl - £F 2k 2= W - B— H SRR &2 A AR B b (1:1: 1),
TE T 4 CUKAENE# 6.3 h Hil&m vt , &bl ik
JE SO E W, W E R AT 3R B, LA [R] i Ak
FCH A2 T R AR T 2 A AR
1.3 1EFRAIME
1.3.1  HRMTHE BLW g 5 4 LR, B,
)T PREGEI T BRI e W, g, 3% (1) T
HFR (%) =S (1)
K, W B i, g W, 4 2 a8
132 BERESmAME HBATEE L, S R
M5 (5 R o
133 HJEBESEWNE  3,5- IR K G IR
(DNS) 5, Z IRCR B RG AE B A L1517,
1.3.4 ZWE& A %E  Folin— Ciocalteus 72 %2 ,
2 8¢ GB/T15038-2006 )" _
1.35 fOETESEMINE pH RZERNE, S

x 100
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JRH TV
HA 28571 1.0 mL, 5351 pH1.0 F1 pH4.5 34 %% vh
W AEFSE 10.0 mL, & FrEAL B 1 h, B 288 KA
25 [, 7E 520 700 nm Ab5E W G RE MR s Fuleki 2320
SR IE A &
A x MW x DF x 100

AT B i (mg/L) = 57 S SRR K (2)

HKHF,A HN(A ,,pHL.OO - A _, pH1.00) —
(A ,mpH4.50—A ) ,..pH4.50) s MW IS ZESGAE K -3
—WEPPE A0 5> 71 ,449.2 DF B 158 R
AEBGAEER - 3 — A % BE T BY I O £ %K, 269005 L SOt
2,1 em; W G e, g0
1.3.6 JFAEE RS RAME bR A e sl ok
20 mg JFEAETT R AR UME S I BEE AT 10 mL B (A 25
I, # K 2 mg/mL B9 LB T R AR AW HERR I
H0.2.04.0.6.08.1.0 mL 5w, HHEES T
10 mLAE AR D, S5 H 1 mL W) 2 T H 20
Erp A 0.2 mL R R R RS M ( H 2 mol/ L EhR 7K
TR ) A1 8.8 mL 1E T s, ZERE TR T, $E5J, 100 T K
w1 h FEREG, RN EER, FTEESE
10 mL, 4550 B 7 2 B 5 TE U, 2 0.45 pm A7 B
EMES , AT HPLC 4347,

el A . 1 mL #5297 H B E 25 5 10 mL A%
A, N T mL % T B 2804, A 2D 08
SERUEMEEWAHE , 545 0.45 pm HHLIE IR B2
kBl

HPLC 264" ; Pgrandsil— STC - C, #£ (4.6 mm x
250 mm,5 pwm) , #FEEHE 20 pl, HLiE 0.6 mL/min, K
M 280 nm , # ik - F IR, TRBIAH : AR 2 0K =
75:20:5; LLUSAET 28 Bt W 2 (0.2~ 1.0 mg/mL) 2y
R AR AR, WA THT R R A AR AR s il A v it 26
1.4 #iEE

S Sy Ny HE S =R, S U B SR T SPSS
19.0 A4 347 W 35 1 0 #r , F OriginPro 8.5 & Excel
97-2003 FAF2z 1 EE o
2 HR5WiE
21 BREEILH
2.1.1  EgEshnErgsgmn @& 1A LA Y A A
THARRE O & & A 52 A B U & A9 B &2 5T
=R AR R 2 G RGN ik F) 0.6% ), 4
Ryt T SRR AR AT S IR B R, 43I 81.2%
1212275 mg/L, i J5 #2511 H R AR 4T & 8 T
TR XU PN D B A A I S 0 A B, 1 S
RPN 2, N BT B A B i, A T
VHERRAE AT & B 2 AS WG Q5 24 52 5 Wil s 0 B
AT 0.6% B, 4 26 3 P 40 A o B2 Wl A, i i 22 bl
G e, Bt b BRI BRGSO,
ISFLAE: P78 S 17 O Ak S 04T, SR T R R
PR, e 45 52 A5 B AN I 2 0.6 % BN 31 o
212 EAEEGEILsE HE 2 nIE L, 251
AN 1S Tn B A5 X6 6 26 0 iR v SR U B e R
WE W, M G B AFREC L S 10 1: 1B, A4 7
TR AR 6 O =k B & K, 43 S S 81.4% i
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Fig.1 Effect of compound enzyme dosage

on yield and anthocyanin content of grape juice

212.905 mg/L, XJEHN N EZ GRAEC L 1211 1
I, 2K A B35 v 2 5 2 5 SO RN 2T 4 2R K it B2V Y
W53~ 347 35 B i i 405 5 FOVAR R RS AR
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EEFAABCEE 10 1: 1RO IS H .

90 m it 1220
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Fig.2 Effect of compound enzyme proportion

on yield and anthocyanin content of grape juice

2.1.3 Mgl i E 3 Rl LA Y BERS R
A TR R S 4, 3 280 3 HB T SRR 1 5 B RN S
DN BEEAFREST TR A 6 h B AR 2 S VT SRR Bt
R, 530 R 81.6% F1212.597 mg/ L., [ Bf 6] 4
T AR 2t 6 45 B PN 0 6 R, L R T A FeE 1)
6 hJ IR A REUS I I ¥ R AL A & &, I e
5 TR P 1) O SIE S, A A 7 S A R i, JE B R AR
FE Sy Sy, SR R e TR S BRI e, R IR A
FUETT 125 58, A st Ta) a4 25 5 208 IR 1) o R IR
FEEE, CUEAR2E A Id 1 SR A e A
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=)
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Fig.3 Effect of enzymatic hydrolysis time

on yield and anthocyanin content of grape juice
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e, e AR AT E] 6 h B3 H .

2.2 MmN
2.2.1 W AR 6 A LT A g % F§ Box— Behnken

X A B B A ) v 2SR AT e B L AR, o B BAA
B T7 5 M AR AN 2 PR .

K2 RN AHRE B B AR
Table 2 Response surface experimental design and results
SRE A B a Y, R Y, EET AR

(%) (mg/L)

1 1 1 0 854 243.143

2 0 1 1 86.2 244.357

3 0 -1 1 73.0 206.414

4 0 -1 -1 69.8 199.914

5 0 1 -1 81.5 232471

6 0 0 0 84.1 241.771

7 -1 1 0 80.3 237.300

8 0 0 0 83.2 240.857

9 0 0 0 84.7 242.143

10 -1 -1 0 71.8 205.429

11 -1 0 76.0 208.543

12 0 0 0 80.6 238.429

13 -1 0 1 72.5 212.800

14 0 -1 79.2 215.214

15 0 0 0 83.5 240.171

16 -1 0 -1 74.4 211.843

17 1 0 1 78.0 217.629

2.2.2 [N RY B g ST K FL R S MEAG B JE G Box

—Behnken ¥ 118 37 A7 25 7 09 H VSR (Y, FIAE A
HE(Y,) 5EAMERINE(A) ZEE5ME L (B) (1
fRASTE] (C) Z [a] 18 [R5 #2453 531 A -

Y, =83.22 +2.42A +5.26B + 0.66C + 0.23AB +
0.23AC +0.45BC-3.16 A" —1.68B*> —-4.09C’ (1)

TEHM

Y, =240.67 +2.14A +17.12B +2.72C + 0.68AB +
0.36AC +1.35BC—-11.74A> -5.33B*> —14.56C° =(2)

SR AT R A I AR R SR 1T J7 22 50 M, g5 S N
RK3FR, HFER3 A[LIFEH, A EIEBEAIR2E p <
0.01 , B it 3 7K -, T IS5 150 22 JUL 35T p > 0.05 , 45
FUJSHUTGUAS I 287, Ut BH A 32 5 BT 4 7 1) P 1> 22 S [
VAL BLAS A G- 1 B 3 1, B A 3 56 A T AR 4 b
L, HiphiE BB Ry = 0.9311, R, =0.9908 , i
BHZASEAY 04 F0L A B e 4y, 7T L XS A 25 v 89 H 3 &R
A S AT VR B 43 AT AT o

= 3 nl AL EE A AR &1+ T. 2= 801,
TETIE 14 25 TR 22 /KOS9 BBl PN, 52 i) 8 285 7 H 7R
N F 3 FEWIFHES A B > A > C BRI B fi1 C°
RIS HL S 5 (p <0.01) , A Fil A® FRZ I &2 35 (p <
0.05) , HAh K Z 52 A B2 (p > 0.05) . 52
AT TR AR R E P HES B > C > A,
R B LAY B® 1 C° AR 3 (p <0.01) ,A I
C M52 2 2 (p <0.05) , HoAth PR 2 1) 52 ) 35 A Sk 25
(p>0.05),
223 WM EAZHEAEHSHT B 20 Tk e AL
FUFSE g 3 A7, neg o TAT RS S i) 8 B X 4% 3 5 A
2 A B .C Frig e —gEzs[a iy g & . 7 HAh 56
R AAE IS OLT |, 25 58 38 50 %) M) N {1 (19 5% 1), 1)
W T 43 AT B R R - B 3 46 PR 28 6 nig 5 {6 5 i 114 TR
WIS T AR o i I TR S R 5 Y, 3 T i) AR X
FHRAE S04 1) 2 A ek SRR, 2 PRI 3 X i R AE 114 5 i
i N L3123 i N s ] < IO 1 vl s
Xt H T SRR A A B B R R, 4% R 2R 22 R3S L
YERH ..
224 IAESAFR TN X G UESL LS FI A Design—
Expert 8.0 44T T A S EILAL L &, 45 5 T
FAE A T AL B Y B A T8 SRR S A TS N =
0.65% EABEHCE 12 1: 1 W fZ B [E] 6.29 h, ni Kz [
i, BV i R g B {E 8 87.354% +0.149%

3 [IERR Ky 22501

Table 3 Variance analysis of regression equation

GERE A i p RN
I A Y77 FAE pfE FIr ¥y FAH p 1B
TR 9 410.13 4557 10.51 0.0026 ** 4199.13 466.57 83.82 <0.0001 **
A 1 47.05 47.05 10.85 0.0132* 36.80 36.80 6.61 0.0370"
B 1 221.55 221.55 51.10 0.0002 ** 234513 2345.13 421.29 <0.0001 **
C 1 3.51 3.51 0.81 0.3981 59.18 59.18 10.63 0.0139~
AB 1 0.20 0.20 0.045 0.8375 1.86 1.86 0.33 0.5812
AC 1 0.12 0.12 0.027 0.8732 0.53 0.53 0.10 0.7663
BC 1 0.81 0.81 0.19 0.6786 7.25 7.25 1.30 0.2912
A? 1 42.04 42.04 9.70 0.0170 580.72 580.72 104.32 <0.0001 **
B2 1 11.95 11.95 2.76 0.1408 119.46 119.46 21.46 0.0024 **
c? 1 70.23 70.23 16.21 0.0050 ** 892.45 892.45 160.32 <0.0001 **
FR2 7 30.35 434 38.97 5.57
1) 3 20.44 6.81 2.75 0.1765 30.28 10.09 4.65 0.0860
PR 4 991 248 8.69 2.17
S 16 440.48 4238.10
TE: " s "FORZZFMLRE (p <0.01) 3% « " FIRZEFH W (p <0.05)
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Fig4 Response surface graphs for the effects on yield and anthocyanin content of grape juice

WA SIS E N (252.716 £0.149) mg/L, Ny
B UEASL R (A3 RO, 25 BB SE BRSO, B e i T2 5%
THEBCh AR A N 0.66% E & FEHCEL 1:1: 1
B fE AT E] 6.3 h, FEM T 2045 @A vt ey vk 2ok
87.103% = 0.471% , 1£ (0 H & & N (254.664 =
2.359) mg/L, 56 BH M R AE i 52 588 5 190 )9 7 F4 T
BV 6 RAT, UESE T iz AL (g A] 55 0, 3 — 25 Ud B 3@
S5 i o7 TR B T 52 il A BT 45 VI T2 S 4K
PHATIAL R T AT .

23 MLEXNFHHETEESZSENEM

FRIE 5 B g, AR H R e e S g E
3.781 min tR¥E 1.3.6 JEAETF 2 & B A9 2 5 i 2 1
PRUERIZE UL K] 6, 45 Bl 3 J7 #2 y = 13443.71457x +
135.38191,R* =0.9995 ,

P& 7 BTN, A A [A] il Ab 32 45 45 v b R AR
R EIEIE, 43 B ROCRAT, HHWERT [E]ERTE 3.8 min
it o ARYEE 7 T AR, AR A BT 5 R 15 3] R
WHERTEH.

F & 8 AT, 42 A T Ak B 8 28 YT B R AE T R A
BHWEE TR —EE P (p <0.05) , 2B il Ak 2178 24
B AL HE 25 E 0.172 mg/mL, 21 4 22 il 40 20 4
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Fig.5 HPLC chromatogram of

&5

proanthocyanidin standard solution
T EYEAETT 3R B iR/ oA 0.105 mg/mL, HAS [R] i
AP AT B IR AL R S R Z M R 2 =
(p <0.05) JEAEH FZ Wb ey, EEAAE TR E
BRA A 1 SR jz v, SRR AT LA 2K At 2 Y BE R0 41 it 18]
Bist i F0) SR, ol 24 i 15 228 AR Rl 9 A 0 R A, AR AR
SETTRGBE , B2 YRR 3R T L B A bl ]
VAREFRARTE 254059, R B 3 m] LA B Bh 2T 2 35 1t 5
RLTAEZR , 2T 2 2% g T L {6l 7 20 4001 MO B K 200 i 1] )5
HILTAEZR SPRLT 4l 2% R AL R, ¥ — Fh g 2 & i 1 mT
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Fig.7 The chromatographic diagram of origin proanthocyanidin of different enzyme treated grape juice
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