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Optimization of Fermentation Technology of Malus doumeri (Bois)
Chevalier and Zizyphus jujube Mill. Compound Fruit Wine by
Response Surface Methodology and Its Antioxidant Activity Analysis

ZHANG Kaiping">", LIU Meimei', LIU Yanli', MAI Xinyun'?, HUANG Bin'?

(1.College of Agriculture and Food Engineering, Baise University, Baise 533000, China;
2.Industrial College of Subtropical Characteristic Agriculture, Baise University, Baise 533000, China)

Abstract: In order to develop a new brewing technology of compound fruit wine and analyze its antioxidant activity, the
compound fruit wine was prepared from Malus doumeri (Bois) Chevalier and Ziziphus jujube Mill. as main raw material,
the medicine-food homologous foods, and fermentation process of it was optimized through single factor experiments and
response surface test, as well as its antioxidant capacity in vitro was measured. The results showed that the best
fermentation technology parameter were as follows: Malus doumeri (Bois) Chevalier juice and Ziziphus jujube Mill. juice
mass ratio was 1:2, with initial sugar content 21°Bx, yeast inoculum 0.3%, fermentation temperature 19 °C, SO, addition
55 mg/L, and fermentation time 7 d. On this condition, the compound fruit wine was light yellow with mellow body and no
impurities, provided with the unique fragrance of Malus doumeri (Bois) Chevalier and Ziziphus jujube Mill., both refreshing

and pleasant. The alcohol content of compound fruit wine was 11.50%vol+0.10%vol, the soluble solid content was
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7.80%+0.08%, the sugar content was 3.40+0.13 g/L, the acid content was 7.13+0.03 g/L, the extraction content was
22.40+0.15 g/L, the SO, content was 0.074+0.006 g/L, the sensory score was 93.80+0.40, and its physicochemical and
hygiene indicators reached the national standard of fruit wine. Meanwhile, the maximum scavenging capacity of DPPH- and

ABTS™ could reach 85.7% and 88.8%, respectively, and the antioxidant capacity was significantly higher than that of

compound juice, but less than that of vitamin C. The compound fruit wine developed by this study has a unique flavor and a

good specific antioxidant activity, which would provide a scientific basis for the development and application of Malus

doumeri (Bois) Chevalier and Ziziphus jujube Mill.

Key words: Malus doumeri (Bois) Chevalier; Ziziphus jujube Mill.; compound fruit wine; fermentation technology;

antioxidant activity
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Table 2 Sensory evaluation standards of Malus doumeri (Bois)
Chevalier and Ziziphus jujube Mill. compound fruit wine

Table 1 Factors and levels of response surface experiments
KT AVIIGWEEE  BEEREEEFME CREEEE D SO
(°Bx) (%) (°c) (mg/L)
20 0.2 19 40
22 0.3 21 60
3 24 0.4 23 80

125 JBEEIE  JORIMELIASE SR 2V TF

T H BRAEit SME
B, A6, IR A 16~20

HMI(2043) FEEE W, BAOLEE, IRE 11~15
A, TCIEE 0~10

WA BRAR, SRF SWE YR, WEEA 26~30

. A G E R, Bt A 21~25
G Wb S, 5k 16-20

RESWHEAL, AT, fARD 0~15
TR, TUREERE, BRRE B, RIRME  36~40

K (409) WGRZEI, 41 To2y, FRENEE B 31~35
TREIE, FUR— 8, RN 2 26~30
SO, VR R IR 0~25
AT SRR | 2T R 8~10
JALE(1053) I IR IR A 5~7
REMBPERA 0~4

1.2.6 F LFEPRAGAE YRR bR AR AR T2
SRR SR L AR 2T 3402 5 TR0 e i, A TR L
e PR AR I o
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MM RER @45 b, In A DNS 3551, 357K 7% HPoin
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BRI E ) R B R A2 TR R P FE R R . TR
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2006,
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10% A1(NO;); #RGEEGHFE. 6 min, F/5 LA 10 mL
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15 min, 7€ 510 nm P F M FL G AE, 1545
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L 180 i
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18 20 2 24 26
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P R[RIARD AR R KR LA 214052 2R it B 5 )
Fig.1 Effects of different initial sugar content on the quality of
Malus doumeri (Bois) Chevalier and Ziziphus jujube Mill.
compound fruit wine
TE: ARVNE FHRR 225 . (P<0.05); 8] 2~I141 4, &1 7 7]
2.1.2 AN[FEJEERE TR AP RO R LA 21405 5 2R
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a 4

90
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Fig.2 Effects of different yeast inoculum on the quality of
Malus doumeri (Bois) Chevalier and Ziziphus jujube Mill.
compound fruit wine
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21 °C 5 23 °C WYiEHE R 25 A W25 (P>0.05), {H i
2w T HAR R BHEE (P<0.05), 4582 ERFERESE A
22, PR BRIRAE N 19, 21, 23 °C AT N AL
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Fig.3 Effects of different fermentation temperature on the
quality of Malus doumeri (Bois) Chevalier and Ziziphus jujube

Mill. compound fruit wine

2.1.4 A[F] SO, B It JC R LA 21 455 A 589 i
SR SO, TEARE LM 72, HAA AR H . Pl
FIPE R, ASH SO, B XHP R B K8 i i
JIHECE 3 (P<0.05) o HH IRl 4 BT, 24 SO, @i
KT 60 mg/L B, XF L PRI B ANV, 2908 5 IR TR
L EFEG AT T B E FE BT, DTS2 e B TR
BHE AT, BCE PR ARSI . 24 SO, W™
HEoA 80 mg/L B, PR REPRIVE P32 BIHIH, PR i
B, A3 R R A B B P4y FR% . 1 LSD A=
H LA AT AL, SO, BRJIEL A 60 mg/L Bk, WA 22 Fi1jak
B4R 3 B KRB (10.8%vol, 89.4 43), b & T
il SO, BANE: (P<0.05) . B, ¥EHE SO, e

40. 60. 80 mg/L AT MmN 161G o

12 —= KGR —— FRbi: —— ETESr 492
a

10} 90
33 &
| 88 =
o =
g 86 i

{84

4 .
82

6 Zb 4IO 6I0 8‘0
SO, ¥Rl (mg/L)
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Fig.4 Effects of different SO, addition on the quality of Malus
doumeri (Bois) Chevalier and Ziziphus jujube Mill.
compound fruit wine
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Table 3 Design and results of response surface experiments

AVITG  BEHHE CKBE D SOMINE Y IR Y

EV s N o/ .

BEEE(°Bx) Al (%) JEE(C)  (mgL)  (%vol) FF4r(43)

1 22 0.3 21 60 11.5+£0.2 93.2+0.4
2 20 0.3 23 60 9.2+0.1 74.5+0.5
3 24 0.2 21 60 10.6+0.2 85.9+0.3
4 24 0.3 19 60 10.1£0.1 81.8+0.5
5 22 0.3 19 40 11.1£0.2 89.9+0.6
6 24 0.3 21 40 10.3+£0.2 83.4+0.5
7 20 0.2 21 60 9.9+0.2 80.2+0.6
8 24 0.4 21 60 10.2+0.1 82.6+0.3
9 22 0.2 23 60 10.5+0.1 85.1+0.7
10 24 0.3 23 60 11.2+£0.2 90.7+0.4
11 22 0.2 21 40 10.7+£0.3 86.7+0.6
12 20 0.4 21 60 9.8£0.2 79.4+0.5
13 22 0.3 23 80 9.9+0.3 80.2+0.6
14 22 0.3 21 60 11.3+0.2 91.5+0.7
15 22 0.3 21 60 11.2+£0.2 90.7+0.5
16 24 0.3 21 80 10.4+0.3 84.2+0.4
17 22 0.3 21 60 11.4£0.1 92.3+0.3
18 20 0.3 19 60 11.0+0.3 89.1+0.7
19 22 0.3 21 60 11.5+0.1 93.2+0.4
20 20 0.3 21 80 9.3+0.2 75.3+0.8
21 20 0.3 21 40 10.6+0.2 85.9+0.6
22 22 0.4 23 60 9.8+£0.2  79.4+0.7
23 22 0.3 19 80 11.0£0.3 89.1+0.6
24 22 0.2 19 60 10.6+0.2 85.7+0.5
25 22 0.4 19 60 10.6+0.3 85.7+0.7
26 22 0.2 21 80 9.9+0.2 80.2+0.7
27 22 0.4 21 80 9.5£0.2  77.0£0.8
28 22 0.3 23 40 10.7£0.3  86.7+0.6
29 22 0.4 21 40 10.2+0.2 82.6+0.7

2.2.2 [EISARE AR N7 My 2255381 I Design-
Expert 10.0.3.1 %36 3 Frisgb g Rk f 7 — k=]
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FHLE =, 158 T R R

Y,=11.38+0.25A—0.18B—0.26C—0.30D—0.075AB+
0.72AC+0.35AD—0.17BC+0.025BD—0.17CD—0.66 A~
0.70B*—0.27C*—0.54D7;

Y,=92.18+2.02A—1.43B—2.06C—2.43D—0.62AB+
5.88AC+2.85AD—1.42BC+0.23BD—1.42CD-5.35A%—
5.66B%—2.24C*—4.33D?,

FH#% 4 nT 1, RS B AL AL i 25 (P<0.0001),
FE S LIS .25 (P>0.05) , 8 BRI DI 5 BE 304,
SBGTRZEEAN 2, R ] A el R e s
SRS LS A T AT AT o PR B A PR R
AR 29 0.9691>0.9, KIE A KL R?,4=0.9382, Ui
B2 A ST A VEES BE 1) SE BB S TROMMELAH SRR AT
BHRE(CV) N 1.55%, Ui BHPAS AR AU FE 4,
ARG A s . SRR KRR
o A2 A FRT TR A B 11 Sl 2 M A BT 2R B, A o AR
—RIT A, B, C. D MZZHIT AC. AD DL E g —.
YRI5 A5 SRS VEIAS 2 ) 52 Al ik 35 (P<0.01), 38 H.
i BC. CD X4 4 ST TEPRS & 52 0 i 55 (P<0.05),
HEHZEAL TR (P>0.05) ., Ry F{EK
ZINETJ, 4% DRI 26 26 ST TP R B A 5 T R/ IR TR
Sh: SO, B> & B > WA R > I R oA P i

Fe 4 LIRS EE R oy {5 [ YA A3 (4 22 504

Table 4 Variance analysis of regression model with alcohol
content as response value

FERE PR AmE ¥y FE  PE B
AT 11.61 14 0.83 31.34 <0.0001  **

A 0.75 1 0.75 28.34  0.0001 ok
B 0.37 1 0.37 13.89  0.0023 o
C 0.80 1 0.80 3026 <0.0001  **
D 1.08 1 1.08 40.81 <0.0001  **
AB 0.022 1 0.022 0.85  0.3721

AC 2.10 1 2.10 79.45 <0.0001  **
AD 0.49 1 0.49 18.52  0.0007 o
BC 0.12 1 0.12 463 0.0494 *
BD  2.500E-003 1 2.500E-003 0.094 0.7631

CD 0.12 1 0.12 463 0.0494 *
A? 2.83 1 2.83 107.04 <0.0001  **
B? 3.16 1 3.16 119.53 <0.0001  **
C? 0.48 1 0.48 18.31  0.0008 ok
D? 1.86 1 1.86 7037 <0.0001  **
52 0.37 14 0.026

AT 0.30 10 0.030 1.78  0.3042
4li{RIE 0.068 4 0.017

syl 11.98 28

1 P<0.05F WA I By % 22 K 25200 (. 355 P<0.01 R WISL It g3 .

FHER 5 "I, BYE TS i8R i 2 (P<0.0001 ),
FEIRI S AT A 1. 35 (P>0.05 ), FE MR 5 44T
JERE PRI R T U 2R L R* S 0.9683>0.9, I IE
R ,4=0.9365, Ui W] & A i BV E S 19 S S E
S WIME AR P EEC A . BEUGRE(CV) N 1.57%, Ui
AR PSSR FE BT 4, 3 i B D AT S
B o A5 KA HAE X G S B E P43 1)

TR, R R f AR AL B. C. D #
A HI AC, AD KAMFITA RIS 524 B E
SIS 2.2 (P<0.01), HUE RS HARHSA B
#(P>0.05) . HIE FAELR/INATHI, 25 I Z X A2
WIRE PRI BUSEIR R MR O : SO, US> A2 197 il
FES T UEHRE> P B R

F 5 LUBE PRI hmi 0 (I AR 1) I 22 3 A
Table 5 Variance analysis of regression model with sensory
evaluation as response value

FZERW EM HmE 7 FE PlE B
A 760.95 14 5435  30.51 <0.0001 ok
A 48.80 1 48.80  27.40  0.0001 ok
B 2437 1 2437  13.68  0.0024 ok
C 50.84 1 50.84  28.54  0.0001 ok
D 71.05 1 71.05  39.88  <0.0001 ok
AB 1.56 1 1.56 0.88  0.3469
AC 138.06 1 138.06 77.50  <0.0001 o
AD 32.49 1 3249 1824 0.0008 ok
BC 8.12 1 8.12 456  0.0509
BD 0.20 1 0.20 0.11 0.7410
CD 8.12 1 8.12 456  0.0509
A? 185.83 1 185.83  104.31  <0.0001 ok
B’ 208.17 1 208.17 116.85 <0.0001 ok
c 32.55 1 3255 1827  0.0008 o
D’ 121.47 1 12147 5819  <0.0001 **
W2z 24.94 14 1.78
ER 20.19 10 2.02 1.70 03210
AR 475 4 1.19

S 785.89 28

2.2.3 WAN A EAEFSHT AR N A a2
S5, SRR B AE R E A SRS AR E TS
SN A ) I T P 3 ) DL L S RITED 6 ey il T3 B
ARISEN, VEHH PR PRI 2R 1038 BAE X A SRR 1T
JEE BVR S T35 e R s 2, i) iz Y TR AR R R ST 22, TU)
SN WU AR S AT, AT LA R R R IR
VLR 5 SO, Vs il 38 HIE )% 1) i T 3 5 e &
I, & BH X JLLH PR 2R R A B AR RGP B R e i
5 WERFIREEAP R S R RRE | RBEIREE S SO, W
TR H I A i T R LAY, FBH I RS B AR
FHXFPORS BEs2 ) LbBe i 25 . H & 6 AN, W as bR
& BRI | WIGEHEE 5 SO, B sc T Ag ik
T3 B e S, R JLLH R I A BAE X2 &
SR R E PP R R R R . X SR 3 22 el
SAH—2

2.2.4 BSIFIRER  3#id Design-Expert 10.0.3.1 &k{)
O3, AERIREREE K 21.33°Bx, BERFEEHER RN 0.30%,
KEFIREE R 19.33 °C, SO, BIANE N 54.92 mg/L 1)
KSR, WK B A B i R BRI E o 11.48%
vol; TEWIUABERE Jy 21.41°Bx, BERFEHEERTREN 0.29%,
KWEIREE R 19.48 °C, SO, A 54.92 mg/L 14
REESAF T, BB P45 8 B R i B E > 93.99
53 T HBESEERERAE, IR LA 2T S A P A
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Fig.5 Response surface plot of interactive of various factors on alcohol content of Malus doumeri (Bois) Chevalier and Ziziphus
Jjujube Mill. compound fruit wine
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Fig.6 Response surface plot of interactive of various factors on sensory evaluation of Malus doumeri (Bois) Chevalier and Ziziphus
Jjujube Mill. compound fruit wine

RN T A EUEE N : VG HEEE 21°Bx, FERER %
PR 0.3%, KB 19 °C, SO, B E 55 mg/L.
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Table 6 Physical and chemical indexes testing results

W5 a7 L5 5P

TR B (Y%vol) 11.50+0.10 =20
AIEPEEIEY) (%) 7.80+0.08 -

SR A BT, g/L) 3.40£0.13 <150
BRI ATRT, g/L) 7.13+0.03 -

VERBR(LLZIRIT, g/L) 0.37+0.06 <12

TET(gL) 22.40+0.15 =10.0

B EAR (RASO,iT, g/L) 0.074+0.006 <0.25
H#d(mg/mL) 1.56+0.18 -
£ (mg/mL) 2.31+0.16 -

TE: RS IR AR - BoA R 2K

KT BUEYHREMS ISR

Table 7 Microbiological indexes testing results

W2 FE b e 4l e

BVK B8 (CFU/mL) 14 _

K JFF 1% (MPN/100 mL) A -
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Fig.7 Scavenging ability of compound wine, compound juice
and vitamin C on DPPH (A) and ABTS" (B) free radicals

F A BIFTE 2R L0 KO R ST G A i h A TG
PEARE—35, IR 7TA IR HFESATIRE] 0.5 mL
I, S5 0P XT DPPH-IEERFN 85.7%, B G-t
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A, 5259 L G R L Ve X ABTS - IH BR3 22
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W5 Ve X ABTS™VE R 25 548 i 35 (P>0.05); 4
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3 g
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