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FOOD AND FERMENTATION INDUSTRIES |
SR BB IR A A TR R I P AT R B RN
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1.1 #&#

BRERER TR BN S, S B iR A 5 S | D
VB ER R, B 5, B A A A ERILA FRA A A
WOWE, T B BERE (SY) , 4R O A BR A
] ;18 % A A BE B ( Hanseniaspora vineae , CGM-
CC 2.3268) , Hv[E 53 1o A= 4 B R DR A8 B vt
1.2 NFE5EE

CDI4RDII & 2055 3 2 R B 0 AL, b RSk
ISV 55 A B T TU—1901 2841 AT W43 66 B 3
At 38 A A A PR BT A Bl 5 MI-54A 5 R K T
Ty AL AR BT () A R A s PAL-1 AW A
I, BARZ A E 2 U REEEFR (X, PerkinElmer 23 #]
1.3 KWH*

1.3.1 FRBEME L LRAE

A B — Bl it — 3 2k B T R e AR & T AR ER AT
R B B R4 25 A B — R A R R — 4 A B
P B 3 ST =3 L
1.3.2 BRIEALE T LA R B Tk
1.3.2. 1 3P 7 X6 B B TG 119 52 i

TE SO, i W E 60 mg/L WILABESE 20 °Brix \#%
P 29 AEFPLG 1o L (CIRBLEG ) (9 25 00 TR T 12
BEPEHT 48 h A BRI BEER AT 24 h A ARBR I
B 5 RS B R P e AR R R BB T 24 h HEA
R EELEEE AT 48 h B ABREBE R 1T, 25 CHHIR & B
7d,
1.3.2.2  J i o AR Bk B4 52 i

78 SO, FR W E 60 mg/L W) HAHEE 20 °Brix 4%
FRRFREC A 101 AR BRI e BE 4R AT 24 h $2 A 55 1F
T A A R B R AN (2% 3% 4% 5% 6% ) HE
ABRERE S 25 CHEIR &BET d.
1.3.2.3 B H A B0 Bk TG 119 52

1E SO, FiE I 60 mg/L WILHBEE 20 °Brix %
Pl 4% CAEFRIE BERFHRAT 24 h AR KM, 0%
R VPG R R o Sl TR A AR RE RGO Le 1 102
2:1.1:3 301 (IRFLEL ) $8 AR BE SR 7,25 ClE R
KWET d,
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1.3.2.4 0 4A 8 BE X R A B T 14 52 i

7E SO, JFiH U B 60 mg/L JEFl & 4% AR R B
BEPEHT 24 h 2 A FEAP LG 1L R L) SRR,
PRI EE BRI S v 4 B 43 A 18 .20 .22 .24 26 °Brix,
25 CHHIR AT d,
1.3.2.5 P ik B X A A B 119 14 5 i)

£ S0, Fii % 60 mg/L 4L 4% ARFLI B
FEPZHT 24 h #EA FEFPELH] 10 1 CERBLEL ) 0 46
26°Brix 41N, 88 & IR BE 3 0 R 19 .21 .23
2527 CKRMET d,
1.3.2.6 &P B X AR A6 Bk T 149 5% )

7E SO, i B 60 mg/L FEFl & 4% AR R B
BERERT 24 h #EA AP L] 1 L (RBLLL) w0 b 4
26 °Brix 55T, P A BERT A 43002 7.9 11,13,
15 d,25 ClHE KB,
1.3.3  BRBEHE T H AL E KD

FE H DR R0 14 JE Atk L Pk e X A Bk T 2 A
KRR BT E AR T 8 AT 285 W9 404, T 1
ERETZFMAEG, ERRBRRESKELEL,

®1 EXRBEE5KER
Table 1 Factors and levels of orthogonal test

R C 1R/ EE

K A BRI

/% SY: H. vineae W5 /° Brix
1 H. vineae Y2 HFI 12 h 3.5 1.5:1 24
2 H. vineae $EHT R 24 h 4 1:1 25
3 H. vineae 12 HI 3 36 h 4.5 1:1.5 26
1.3.4 R A B BRHR AR B L RACE 5 T

PLO0.2% 4EA= 2 C 3 W PR X B O 2 TR TR
KRBT 2 AL 09 50 | SY FR W B Bk Kk S
H. vineaedF TR % £ & W L0 W) - OH,DPPH
H 5L ABTS FHE - B Hh 2 3 BR B8 ) k2 1 ik It
RE 1 RSP E AT M
1.3.4.1 - OH 5 FRAE S 2

K HIFE B H 3 S iR & AE
1.3.4.2 DPPH H H5EEBRAE 1

S R 5 ik M E Rl . LR K
Z %5 0.2 mmol/L DPPH & 4% 2 mL IR&J5 A9
S A A, , R 5 BURE i 45 0.02.0. 04 .0.06.0. 08 .
0.10.0.12.0. 16 mL FilEH , HAI K RHEE 2 mL,
JITA 0.2 mmol/L DPPH & ¥ 2 mL, iR~ %5 30 min,
T 517 nm A0 E WO R A, RIES I ZE 0. 02.,0.04
0.06.0.08.0.10.0.12.0. 16 mL # 5 5 /K 2 B4
2 mLIREBRMOC A A, DPPH A i 3k 3 B %31



A1) FiR .
A —A +A
DPPH B WA F R E/% =”A7‘+"><100 (1)
1.3.4.3 ABTS FHE T H 3G BREE S &

SH BT H A W e Tk s AE S s, o
H20.02.0.04.0.06.0.08.0.10.0.12.0.16 mL I
WTFRE T, FHalikAN 82 2 mL, il A ABTS BHE T H
& TAEW 2 mL, 3857, 86 ## E 30 min, T 734 nm 4b
5 W BE A A5 LAAE K R ARRE i S 28 0k BRI 75
JEREME R A, ABTS PHE T H i 5835 B H 15 A =

ABTS fA & T & Wk & &/% :A°A_Aixloo (2)

0

1.3.4.4 BB 7L RE 10 5E

2% BENZI %7 I vk ARk s, &
B T 8 R BE I (ferric reducing ability of plasma,
FRAP) TAEW, F 37 C R KBH H I, 5
HHL0.01.0.02.0.03.0.04.0.05.0.06.0.08 mL H
WF R, 2K 78 2 2 mL, BOR B 4 1 SRl
6 L, iAW ZE 37 C K FRAP TAEW 180 pL 84l
K18 WL, BEEREHE S N 5 min, AR 2593 nm
SR R K RS AXTIR, L 0.2 ~1.6 mmol/L 4b
FeSO, W WARMERTZE y =0.370 4x +0. 139 6 (R =
0.999 3) , A 4fa A it 353 B R I 4% (19 ¥ B (mmol/L)
1.4 WAFZx
1.4.1 2ALFGARGG N E

MR 4EE R C &I E ¥ 2 GB/T 15038—
2006 %G R84 B I ) 5 B R Folin-Ci-
ocalte HbAA 5 EE I 52 2 5 KRS 13 OR FH H 4% R B AR Ak vk
e R SRR S ROk A 3,5 R UK A R ik
s U AT R A B R R B I A
1.4.2 REIFZ

I3 BE BRI A B R A 8 NALA ST AL, B 4

HRWE
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SHME WG RV, AN 2,
F2 BEESR

Table 2 Standard for sensory evaluation

i H P53 b 5/ 5
[ERER - JRicaT Bridi I S D RES 20 ~25
AL RS L ROBTE B T BRIE Y 15 ~20
(25 73) ORIk TE 4 0 BB IF Y s Ui TE 10 ~ 15
0,6 5 TR B SR (0 B0 R VR 5~10
WA SRR AEF/W B, &R, BAMBUR  25~30
TR, AR B 20 ~25
(30 73) EEFHIR, REAH B 15~20
R E I S Rl s I e W N7 8 5~15
PR A 37 A& R TV A SR A TR JEE | [ B R 25 ~30
Wk ERWEA W kA TEH A Rk 20 ~25
(30 73) TUERARER , A 5 MO vk, 1R O A& 15~20
EELIRTALRY SN -3V SR S R ¥ vy 5~15
A SRR KA R 10 ~ 15
LR ) S A N N R T 6 ~10
(15 73) — et i, AR S B 3~6
AR JE KUS 0-~3

1.5 TS
i Excel 2010 #5ARHE, BAHKKREL 3
U T SPSS 25. 0 B E A7 Ge it a3 #, R 5 2293
B (analysis of variance, ANOVA) Y5 Duncan ¥ 56 #E 17
ERWEERR, P <0.05 FREFBE; HH Oni-
gin 2021 K MAERE
2 BERERM
2.1 REABRBHRREIZML
2.1.1 REBEHF XA FRAEAE LB R 0T A
% 3 A R AR SR 48 h HEA R IR
JER R, S A A Oy U R A 2 28 S OGN RS B
BT R AR A 23 ) 5 8 % AR BR T R A
JEEEIR  RAEAT LW BEE H. vineae H2 AW 8] 1 £2
T, R 52 AT 3, TR0 1 RV AR R o
5 AP A A B0 B Xt R R T e R g

®3 AREMFXNLZEBRERRERER

Table 3 Indexes of fermented kiwi fruit wine with different inoculation methods

- 1% 7
ke i F, %E?f r, F.
A B/ % 12.45 +0.20* 11.24 +0.49" 11.21 £0.15" 11.11 =0.28" 10.87 +0.24"
B/ (g- LY 18.25 £0.23™ 18.12 £0.08" 18.47 £0.16° 18.62 £0.29° 18.68 £0. 18"
W/ (g- L7Y) 5.63 +0.05" 5.58 £0.20" 7.39 £0.55° 5.70 £0.06" 5.69 +0.07"
] 5 1 B 9/ ° Brix 8.60 £0.08™ 8.63 £0.05* 8.40 +0.09" 8.60 £0. 12 8.80 £0.08"
HE/(mg- L") 724.04 +6.98° 674.79 +10.09¢ 824.19 +15.82° 777.37 +16.94" 805.89 +16. 54
Yk E C/(mg- L") 252.15 +0.84°¢ 267.95 +1.33°¢ 463.10 £3.37" 535.90 +0.50° 478.77 +1.92°
JBRE 60.00 +1.25° 70.00 £0.82% 67.00 +1.62° 72.00 £1.41° 67.00 £0.47"

L F | -SY $EATHEFD 48 h; F,-SY $RRTHERN 24 h; F,-SY 5 H. vineae [R) W3RN ; F, -H. vineae $ERTHEFN 24 h; F, -H. vineae FERTHE RN 48 h; 17 A [H

INEFRFRBEWNZER,P<0.05( FR)
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M) AN R, XoF e M AT — S T 52 W) 5 TR T R R 1 4 T 45 A

Xof SR B IR o 0 B R T H. vineae Y i 4%

AT LA R AF e R CL 2 B, B H. vineae $2 T

24 h A P AS SR  ERE R RS A AT AR SR A

L RCE IR .

2.1.2 REEFZ 3 HRAEE K BERR G R
SR A I R T IR T R S e P R Y K I

P RE . NSk 4 PR BfE SRR B AL OR
KT 2 SE 38 KR #a T 2%, 6 R AE 45 Bl i 4% I
ZIN 5 HE BT I JRORE B2 W R 3 AT VA PR DR MR A
AR 5 B B A G DR /0, T R R il A 4 Ao
R, MR 2, A AR T2
2 B RN R 4% B HEAE R C i R TR R
A &7 1, BRIRTE 9, 1R

R4 AREMHEXEBRBRREER

Table 4 Indexes of fermented kiwi fruit wine with different inoculum amounts

Hobz R/ %
2 3 4 5 6
A B/ % 10.91 £0.27" 12.59 £0.19° 12.43 £0.25° 12.24 £0.25° 12.23 +0.17°
B/ (g LY 18.62 +0.3° 17.58 £0.49" 16.33 +0.26° 16.69 £0.39% 16.91 £0. 63"
WERE/ (g L") 5.70 £0.06" 5.80 +0.10" 5.89 +0.12° 5.77 0. 08" 5.85+0.13"
] ¥ 1 [ $/° Brix 8.60 £0.12¢ 9.10 £0.05° 9.00 £0.05a" 8.70 0. 14°¢ 8.80 £0. 14"
B/ (mg - L) 777.37 +16.94* 650.38 +10.74" 676.60 +11.53" 650.50 = 14.50" 647.91 +4.77"
YK C/(mg- L") 424.45 £4.20° 268.34 +3.031 549.83 +2.13° 331.20 + 1. 64 406.68 +0.52"
BT 70.33 £1.70" 66.33 +1.87" 73.33 +1.03" 70.00 +1.27° 70.30 £1.62°

2.1.3 R Rl A0 46 8 A i A DB K B ROR 09 R
H1 5 AR, BE A 00 R0 R A0 R TR i D
TP T 5 3 0 O A B A S B Bk SR
TR W a2 7 MR SR R C A i R RN
IER PN SR AR S E ot NV ER AN Y S B

W HA R L AE 26 °Brix B, 0 REOK 75 B A6 AR
WA, A TS [l BR AR K 35K T il B 2 9 Iy A TR
I REAR AL T 58 2 AR, A AR i 7= ) Wt 25 A B
FHEARM AR, o2k m R 2 g U IR P, 2
A2 B 24 25 26 °Brix MUF AT

£S5 ARVHEERBERERRERER

Table 5 Indexes of fermented kiwi fruit wine with different initial sugar content
to bz W0 52/ © Brix
18 20 22 24 26
WA B/ % 10.25 £0.04° 10.46 +0.22° 11.04 +0.42" 12.14 £0.42° 12.38 £0.21°
B/ (g- LY 17.53 £0.24" 17.28 £0.07" 18.60 +0.48" 18.59 +0.02° 18.53 +0.18°
WIEHE/ (g L") 4.97 £0.12" 5.77 +0.08" 5.32 +0.04" 5.77 +0.08" 12.34 +0.08"
] ¥ P [ #/° Brix 8.73 £0.19¢ 9.03 £0.05¢ 10.13 £0.05°¢ 11.40 +0.08" 13.73 £0.56"
B/ (mg - L) 511.92 £22.07° 676.60 = 11.53" 524.22 +17.62° 523.52 +£13.32" 514.56 +17.83"
Y C/(mg - L") 551.51 +1.19° 472.26 +0.23" 603.05 +0. 16" 670.71 =1.55* 726.69 +2.59°
JBE T 59.67 +0.47" 70.33 £0.47" 61.00 +1.97° 64.67 +1.70" 77.67 +1.25°

2.1.4 RE R A AT HRAERE A B R
R TG 1 £ 5 I R TG P B A A LA R R i SR
R R B R gk 6 B, N R B R LG

Bl (SY: H. vineae) K& B FH AL B 0 i & 22 5 = b
L 1: 1B B R i /0N 5 38 OB 5 RT 9 M DR W) B A
H. vineae 2 A LU 9] 1 18 17 8 K, BESY 32 A B Il 19

® 6 AEIEMLOABERENLR B ISR

Table 6 Indexes of fermented kiwi fruit wine with different inoculation ratios

HER B (SY: H. vineae) (KB

ERon
1:1 2:1 1:2 3:1 1:3
RS B/ % 12.71 £0.45° 13.06 +0.02° 13.57 +£0.03° 13.52 £0.03® 13.75 £0.07°
B/ (g- LY 14.97 +0.28° 15.14 £0.36" 15.62 £0.30% 15.84 £0.12° 15.58 +0.21°
WIEHE/ (g L") 6.18 +0.02° 5.21 £0.02° 7.82+0.01" 5.15+0.01° 9.42 +0.01°
A] ¥ Pk Y #/° Brix 12.60 £0.14™ 11.97 £0.34% 12.33 £0. 17 11.50 +0.16° 13.43 £0.41°
B/ (mg - L) 727.55 +12.29" 752.83 +11.68% 751.78 +8.27% 726.13 +11.76" 765.05 £5.71°
Yk E C/(mg - L") 686.29 +1.98" 613.15 +1.82° 654.85 +0.49" 622.72 +0.71° 764.22 +1.12°
BE A 74.33 +0.89° 68.33 £0.25" 72.00 +0.82° 68.33 +0.25" 69.00 +0.82"
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MR M) BB B % e 2 A RO
G AEFEFN L) 1: 30 fe i s A R C S AE H. vine-
ae WA b T 52 30 48 R
& H. vineae 08B K BHA F T & 57 B0 1#
A7 AR AR ERI BERE o Lo S BOR O A AR 55 0 A
ZRWRGE L ERE AP ) 1 LI SRR A R
Mg B X 5 R & BB I B AR R A
B E R
2.1.5 R FABER LA RS K B AR 0% R
A INAE A B A 09 A AR B TR RS 5w H R

HRWE

T 1 9 5 B, DTS5 W) SR SRR R B, A
F T LRI B T TR B B A i
JEOBE 5 T AR [ R ) 22 8 0N, 28 S R 3 FR IR A
i ML, YA 2 IR0 M]3 P [T 98 9 18 0 0 v, 5 AR
R B R A RO AT T BE DA A T R AR R
BERE A B AR ] S Bom 45 R, XA it — 2R 9T &
BRI E XS SR 2 W & A R ER CF
it I R EE TR T R A . 25 °C R AL Y K )R
RAEWHR BB P ARSI 25 C AR Bl &
T il JEE

KT ARABREREABRBHERRERER

Table 7 Indexes of fermented kiwi fruit wine at different fermentation temperatures
- R /C
19 21 23 25 27
KT BE/ % 13.67 £0.93* 11.49 +0.72° 11.37 £0. 15" 11.66 £0. 15" 10.45 £0.68"
BB/ (g- L") 15.50 £0.47* 15.33 £0.54" 15.47 £0.15° 15.86 +0.63" 15.94 +0.16°
WERE/ (g L) 23.77 £0.05° 14.62 0. 06" 11.92 0. 06" 6.99 +0.03° 6.59 +0.01°
ALY [ Y 9/ ° Brix 13.90 £0.08* 12.17 £0.42" 11.90 +0.16" 11.17 £0.24° 10.03 =0.25"
B/ (mg - L7 890.37 +8.87" 885.58 +43.63" 895.45 +12.51° 879.58 +10.07° 891.33 +4. 13"
iR C/(mg - L) 712.27 +1.37° 718.43 +0.58° 694.75 +0.45% 675.67 +0.40" 663.65 +£0.55°¢
BBV 68.67 £2.62° 69.67 £0.94" 73.67 £0.47° 76.67 £1.25° 57.33 £1.89°

2.1.6 R F) A BERT A X BE AR AL B K BE AR 69
N 8 Fir 7, Bifi 4 i T I ) 4 S0E < TP 4 B2 S8 T =
Je BEAIR, 55 9 R Wi, 50 TR D) 52 300 HY 3 ¥ S K i
B X AT fe 5 2 bl A DU R R LR R
P e e [ B 3 JEOME B R T R A

I 5 A 5 2 S T e R A 5 I TR 2 2R 3R C
5L M 5 9 ORI R TR T A SR T A AR, B
AR AE A, IR )R, [l BR A I8 I 2> 80. 67
OFEREEIE K 9 d e Bl A I )

K8 ARKEER B X EBEBHERRERER

Table 8 Indexes of fermented Kkiwi fruit wine with different fermentation time

v KRS/ d

b 7 9 11 13 15
WAE B/ % 11.21 £0.07°¢ 13.46 +0.11*° 12.02 £0. 17" 12.97 £0.97" 11.77 £0.23¢
B/ (g- L") 15.96 +0.56" 16.28 +0.22° 16.24 +0.17° 16.76 +0.32° 16.13 £0.57°
WK/ (g L") 6.30 +0. 10" 6.33 +0. 14" 6.34 +0.10° 7.07 £0. 16" 6.78 +0.18"
ALY P [ Y 4/ ° Brix 9.70 £0.08" 9.23 +0.05" 9.07 £0.21" 8.83 £012° 8.93 £0.05°¢
B/ (mg - L) 768.92 +43.26" 827.35 +17.72*" 858.30 +32.98° 819.51 +13.00* 804.83 +8.57™
& C/(mg - L) 835.85 +0.23" 762.29 +0.71" 744.13 +0.93" 717.88 +0.85° 705.93 £0.35°
=R 74.33 +1.89" 80.67 +1.25" 69.00 0. 82° 74.33 £0.47° 68.33 £0.94°

2.2 BEABUMERREEIZAALESKEEER
S

IER I 4R R C & i J8CE 40 MOl A
FEAE NG AR AR, W3 9 TR, U4 R C
B O 8 AR A R B Ak SR R R C
B R T AR > B ARG R > 4Rl >
B2l EL 5], 2% WA 42 O ok 4k A2 R C A R RO,
R EBET 238N AB,C,D, ; 24 LR E P2 O
P8 bR I, 25 K38 52 KT S e R it > S L) > 42

Tl it ] > ) G50 B2, e & e 1. 200 AB,C,D, 5 5 L)
RS BE S VP H6 BRI, 2% PR 280 5 00 T 4 400 2
>R > MU > R G, S kT LA
AsB,C,D, B A,B,C,D, , LG VA, R 0 R R
Mgk, L% #% A,B,C,D, 5 A,B,C,D, 53556 F
¥, A,B,C,D,, B H. vineae $&7i 36 h 7, B2 Fl i
4% AEFDH) 1: 1.5, WA HE B 25 ©Brix, 25 C & %
9 d, W AAF T A BRI AR SRR BE 13.83% (iR
C & & 726. 15 mg/L J&H 4714 83.34;A4,B,C,D, , Rl
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H. vineae 32 i 36 h LA, B Fh & 3. 5% , £ F [b 4
1:1.5, ¥ HABERE 24 °Brix,25 C K9 d, L& F &
T o A Ok R G P A B 12, 71% 4k A= C O vk B
668.94 mg/L JBE /M E 81.67, £i b, ¥EH A,B,C,D,

x99
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Table 9 Orthogonal test results and analysis of kiwi fruit wine fermentation process optimization by mixed bacteria

N R A B C D e/ & C/(mg - L71) E VP4 WKL/ %
1 1 1 1 1 680.75 82.00 13.29
2 1 2 2 2 638.55 81.67 13.46
3 1 3 3 3 605.26 71.00 13.17
4 2 1 2 3 673.60 73.33 13.63
5 2 2 3 1 725.75 83.00 13.04
6 2 3 1 2 654.51 70.33 13.33
7 3 1 3 2 747. 60 84.67 13.80
8 3 2 1 3 726.84 83.00 13.32
9 3 3 2 1 743.92 68.67 13.05
kl 641.52 700. 65 687.37 716.81
Her: % C k2 684.62 697.05 685.36 680.22
o K3 739.45 667.90 692.87 668.57
R 97.93 32.75 7.51 48.24
k1 78.22 80.00 78. 44 77.89
R K2 75.56 82.56 74.56 78.89
P4y k3 78.78 70.00 79.56 75.78
R 3.22 12.56 5.00 3.11
kl 13.31 13.57 13.31 13.13
. K2 13.33 13.27 13.38 13.53
mE K3 13.39 13.18 13.34 13.53
R 0.08 0.39 0.06 0.41
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Optimization of fermentation conditions for mixed bacteria of
kiwifruit wine and its antioxidant activity
JIN Haiyan', WANG Fengyuan', LU Yunfeng'* ,ZHANG Sipu® ,NIU Jiajia®,
TANG Cunduo',ZUO Weifang' , YANG Yongfeng’
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ABSTRACT In order to improve the flavor and taste of kiwi wine brewed by Saccharomyces cerevisiae, the effects of co-fermentation of
Hanseniaspora vineae and Saccharomyces cerevisiae on kiwi fruit wine were studied. Based on single factor test, orthogonal optimization test
was carried out to determine the optimal fermentation process of kiwi fruit wine fermented by the mixed bacteria. Meanwhile, the scaven-
ging capacity of OH . DPPH (ABTS" free radical scavenging ability and Fe’" reducing capacity free radic were measured for the evaluation
of the antioxidant activity of kiwi fruit wine. The optimum fermentation process was determined as follows: H. wvineae inoculation for 36 h
in advance; inoculation amount was 4% ; inoculation ratio of Saccharomyces cerevisiae to non-Saccharomyces cerevisiae was 1:1.5 (V: V) ;
initial sugar content 25 °Brix. After fermentation at 25 °C for 9 days, kiwi fruit wine with strong aroma, elegant flower and fruit aroma and
mellow taste was obtained, and the alcohol degree was 13.83% vol. The results of antioxidant study showed that the free radical scaven-
ging rate and iron ion reduction capacity increased with the increase of sample volume, and the antioxidant capacity of kiwifruit wine fer-
mented by mixed bacteria was better than that of single bacteria fermentation. This study provides a reference for the application of non-
Saccharomyces cerevisiae in kiwi fruit wine.

Key words Hanseniaspora vineae; mixed fermentation; kiwi wine; antioxidant activity
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