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Optimization of the Technology for Preparing Hawthorn
Gynostemma pentaphyllum Whey Polypeptide
Compound Beverage by Compound Enzymes

JIANG Ying, SHEN Heyu, ZHOU Keqiang, LI Cheng’, JIANG Rongjie, TANG Wanting, LI Chenfeng

(College of Food Science, Sichuan Agricultural University, Ya'an 625014, China)

Abstract: Fresh milk was used as raw material to prepare whey. Through the single factor test, orthogonal test, response
surface method, combined with the inhibition rate of the cholesterol micelle solubility of the test polypeptide, the process of
enzymatic hydrolysis of whey protein by the complex enzyme and the formula of the peptide compound beverage were
optimized. The results showed that the optimal process conditions for the preparation of whey protein peptides by using a
neutral protease and trypsin complex enzyme to hydrolyze whey protein in stages were: total enzyme addition was 6%,
enzyme ratio was 3:1, total hydrolysis time was 4 h, and the ratio of split digestion time was 1:1. The best formula
parameters of this beverage obtained by response surface method were as follows: Hawthorn 2.8%, wolfberry 1.56%,
gynostemma 0.24%, citric acid 0.05%, honey 5.11%.After blending, homogenization, sterilization and other steps, the pH of
hawthorn Gynostemma pentaphyllum whey polypeptide compound beverage was 4.30, which had good sensory
performance and stability, raw material flavor, moderate sourness and sweetness, uniform orange-red color with no
layering.
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Fig.1 The process flow diagram of complex drinks
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Table 2 Factors and levels table of orthogonal experiment
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Table 4 Results of orthogonal experiments

S as A B C D(z=H)  HWHR(%)
1 2 1 2 3 83.21
2 2 2 3 1 87.21
3 3 2 1 3 79.80
4 3 1 3 2 74.32
5 1 1 1 1 73.06
6 1 2 2 2 85.75
7 3 3 2 1 82.19
8 2 3 1 2 78.18
9 1 3 3 3 77.32
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k, 82.87 8425  83.72 79.42
ks 7877 7923 79.62 80.11
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Table 5 Variance analysis of orthogonal experiment for
enzymolysis conditions

2Rk MR HhE ¥ F 2

BIERA  572.842a 8 71.605 261.164  0.000%*
TR 173302.765 1 173302.765 632081.734 0.000%**
A 102.219 2 51.110 186.411  0.000%*
B 256.158 2 128.079 467.139  0.000%*
C 205.546 2 102.773 374.841  0.000%*
D 8.919 2 4.459 16.265  0.000%*
R 4935 18 0.274
JENan 173880.543 27

BIERET 577778 26

R*=0.991 (445 R*=0.988)

e RN ZE R (P<0.01),

H E S 56 AT 4%, Fe UL AR T 2K LA N
A,B,C,, BT 6%. [ L) (it 26 141 W I 1
FE)3: 1, PRI 1010 ZEVRAR PR IR A fr I e s
BT R A 2 T E Jy 89.87%, FLiksoid fiar

YA TSI ] R KT IR A AT LA
B, MBS AT 5

23 IBLRIEZLEZMESIRRIHE AL

23.1 HFRRIIGLER ikl s~18 o g, R hE
MRS SE BB VS IR 5 nT LA HY, LA & d
M 2.0% HEINF] 3.0% B, BE PE43BE LLAE S g
PR N e A A SO M A B = N1 balZ N e R B
TE LA 5 KT 3.0% I, JBCE VRSB i BRAIG, X0
A Ay ) LA A ORI AR T R i . R4 Ll
&N 3.0%. HE 6 7T LA Y, 48 Bk & & M
0.15% HEHNE] 0.25% B, BB P74 bl 2 i 7 1 19
EhmEE R, EREEEH Y TR, (R ARSI e
KT 0.25% B, JBE P52 WRARAIR, X 2 PR kit 2 11
28 e ORI ERAR YR . DR e e B A A B oA
0.25%. HE 7 LA W, Mifd S 1.2% 5 n 5]
1.6% HF, J8 B PP BEMAD & B 3 i m b o, S2aeH
W E TS (BAEMAL B R 1.6% B, IERE P
Sy BRITIRAR, X RAMIAT S R A B S I B B 6
5y)2, b E RIS S R IR LT . PRt ded)

100 ¢
90 +
80 +

70

ETFIF (41)

60

50+

40

2.0 25 3.0 35 20
A 54 (%)
B5 A S X E PR R

Fig.5 Effect of hawthorn content on sensory score
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Table 6 Design and results of response surface experiment

R A B c D E JRE VSR
1 300 140 030 005 5.00 77
2 250 160 025 005 6.00 80
3 300 160 025 005 5.00 91
4 300 1.60 025 005 5.00 87
5 300 160 020 006 5.00 76
6 300 180 025 006 5.00 74
7 250 160 020 005 5.00 85
8 300 1.60 025 004 6.00 72
9 300 160 030 005 4.00 73
10 250  1.80 025 005 5.00 78
11 300 160 020 004 5.00 79
12 300 1.60 030 004 5.00 76
13 350 140 025 005  5.00 74
14 3.00 140 025 004 5.00 79
15 300 180 020 005 5.00 73
16 300 160 025 005 5.00 84
17 350 1.60 025 006 5.00 66
18 300 140 020 005  5.00 82
19 300 1.60 030 006 5.00 74

20 350  1.60 025 005  6.00 75
21 300 180 025 004 5.00 74
22 300 180 025 005 6.00 73
23 350 1.60 025 005  4.00 68
24 300 160 025 005 5.00 87
25 250 160 025 004 5.00 79
26 300 1.60 030 005 6.00 77
27 350 180 025 005 5.00 67
28 250 140 025 005 5.00 83
29 300 160 025 005 5.00 88
30 300 1.60 025 006 4.00 73
31 350  1.60 030 005 5.00 74
32 300 1.60 020 005  4.00 70
33 300 180 030 005 5.00 73
34 300 1.60 025 006 6.00 77
35 3.00  1.60 025 004  4.00 74
36 350 1.60 025 004  5.00 74
37 3.00 140 025 005  4.00 75
38 3.00 1.80 025 005 4.00 70
39 250  1.60 025 006 5.00 80
40 350 160 020 005 5.00 69
41 250  1.60 025 005 4.00 74
2 250 160 030 005 5.00 76
43 3.00 140 025 005  6.00 77
44 300 160 020 005 6.00 74
45 3.00 140 025 006 5.00 76
46 300 160 025 005 5.00 87
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Table 7 Anova analysis of response surface experiment

EZSKWE FAEM AmE  BUr F P BEE
il 1372.25 20 68.61 1638  <0.0001 ok
A 289.00 1 289.00 69.00  <0.0001 o
B 105.06 1 105.06 25.08  <0.0001 ok
c 4.00 1 4.00 096  0.3378
D 7.56 1 7.56 181  0.1911
E 49.00 1 4900 11.70  0.0022 o
AB 1.00 1 1.00 024  0.6294
AC 49.00 1 4900 11.70  0.0022 ok
AD 20.25 1 2025  4.83  0.0374 *
AE 0.25 1 025  0.060  0.8090
BC 6.25 1 6.25 149 02333
BD 225 1 225 0.54  0.4704
BE 0.25 1 025  0.060  0.8090
CD 0.25 1 025  0.060  0.8090
CE 0.000 1 0.000  0.000  1.0000
DE 9.00 1 9.00 2.15  0.1551
A? 314.18 1 31418  75.01  <0.0001 o
B? 288.55 1 288.55 68.89  <0.0001 o
c 264.00 1 264.00 63.03  <0.0001 o
D’ 305.52 1 305.52  72.94  <0.0001 o
E? 512.97 1 512.97 12248 <0.0001 ok

BREERYE 10471 25 4.19

P AT 79.38 20 3.97 0.78  0.6874
afijR 2 25.33 5 5.07
MEE 1476.96 45

ORI, P<0.01; * 7R B35, P<0.05; 3 R*=0.9291, R, ;=0.8724,

234 FMUECTHT 7 Ry K KE iz FH Design-
Expert 8.0.6 #RAXHR I EAE #EATOLAL TN, BY X [H]
UE 7 R EC— B I 2055 T 0, A5 BB B VE e i 1 e
AEBE T 250 IS & i 2.8% . MIAC & 1.56% . &k
Wi EL 0.24% . FPIETR & ik 0.05% . M5 i 5.11%,
A FIEE 430 88.6139. TELL A4 T X5
TN S EGHAT 3 ROPATI RIS, 15 38 E I
41 89.60, S AL TR £z 30T, 2% BH SR FH i) 157 TS 43
M AAS B A2 A T 5 2 P S
24 REHEREMRIGER

H 2 8 IS ES IR T i, LA 4 °C HCE BIORME R
Z:HEHARE; LB LWL Z IR A IRCRHE 37 °C 21

BWRAE S dE, RBEHEFRE AR, G HE S
R, BEYE BB RIS, pH . A 1 d JRIE
B, TGRS IR . S LA S s
FLiE ZE SRCRE 4 C RN 5 ~H, =R
HEETRACE T 50 d J5 HEL AR IE S o

* 8 PORHRE AR AS
Table 8 Test results of beverage stability

) 4C 37C
iy TR AL TR AL
(d) R W R Fl-PoN
BEWH cpumy  PHOEEI Cpymn) PH
1 B 0 434 IEW 1 427
2 B 2 430  IEH 2 4.26
3 EH 5 430  IEH 4 4.26
4 1EH 5 429 H/LRBUIE 7 425
5 HORUE 9 427 BitaARK 11 424
Iz 7“:: 3 Sy,
6 ?&?& 15 423 RN 17 4.20
; Yokt AL - a17
Bt Bk RS :

25 EEWELERIEDEZME SRR EHRRIE
Ea

a. pH X P UCBH AR e AT 4 I 2 15
L P @ ST V) 5 W E /5 i e DN D A SN W e = Dy e A
Sy BT o DRI, AR ORI 0T A A R R k)
B pH P55 Jy<4.5 55>6.8, 75 WHFAS A] ke o bl = A= 22
BEUIDEIN S, AR pH i 4.3,

b. Sy HUTURE R A, SOk RS R A R ) 28 56
EEL, RERK, RS E SIEH T ULsENT
o B, 35 BB BR IS B LA Bk
T TANTARAL B, DAIBE S ok R M, TiAS Rt
TE 20 MPa F1 60 °C &4 T #4785,

C A BSAFAST A, TCVEWRA A P = 201 AT s
FERE B A B TAE, B nT 5 28Ok AY 4528 4 pH
B, SrI2UTTE, WA TS . ARUCBHE 121 °C 21 F
AT UCK BRI E, B 5351028 5 F1 1 min.

d PR E L R TP RRIRTER I (0~4 °C), 72>
SYIEDTTE.

3 g

PR K S it A L v R 1 R RGP LVE 2R IR et
T2 R SR e B F ORI JBR A PR, RS 0 R
6%, Mg b 3:1, EfR AT [A] 4 h, 53 Bl i) A] b
101, AEUS M AR EEERD T 2REN 89.87%.. HIEAE
RIS 53 BT A 2155 e it A T A LIRS 22 PO A JIE [ s s o
VERAAE PR 3104 DR 2R SRR G FR M il L8> st ] Ee> T
FHAE . DA TS 04 FLIE 22 IRUR v I B s v i
BER R AR = B FLIE S EORL, A LA S i LI 2
RS Aok, st ma 3 oA Bcia t Ak lid Uy, 45311
YORHEE VT35 (89.60) B IRAE AL 7 S 8O - 1114
B 2.8%. MIAD &1 1.56% . LB &1 0.24%. F7
R S 0.05% ., I S 5.11%.
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Fig.10 Response surface diagram interaction between two factors
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