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Effect of Hanseniaspora uvarum on the quality of 'Cabernet Sauvignon' dry red wine
WANG Yanrong, LIU Lehong, SHI Xiaoxia, HU Haixia, SU Jie
( College of Vocational and Technical, Inner Mongoia Agricultural University, Baotou 014109, China)

Abstract: In order to study the brewing characteristics of Hanseniaspora uvarum and determine its mixed fermentation inoculation process with Sac-
charomyces cerevisiae, the activities of glycosidase, esterase and pectase of H. uvarum were evaluated, and 'Cabernet Sauvignon' dry red wine was
prepared with mixed fermentation by simultaneous inoculation of H. uvarum and S. cerevisiae (group TS-1-1) and sequential inoculation at 3 d inter-
vals (group SX-G-N, group SX-N-G). With S. cerevisiae fermentation as the control (CK), the growth changes of yeasts, physicochemical indicators,
volatile flavor components and sensory qualities of wine during the fermentation process were analyzed. The results showed that, compared with
S. cerevisiae, H. uvarum had higher activities of B-D-glucosidase, 3-D-xylosidase and pectinase. The growth of H. uvarum in the later stage of fer-
mentation was significantly inhibited during simultaneous inoculation, and the viable bacterial count remained at 10°10” CFU/ml during sequential
inoculation. Compared with the control group, the ethanol content of all wines fermented by mixed strains decreased by 0.16%vol-0.80%vol, and the
anthocyanin content increased by 14.46-94.55 mg/L. The reducing sugar content and alcohol content of dry red wine with simultaneous inoculation
could meet the requirements of dry red wine. The anthocyanin content was 207.01 mg/L, and the sensory score was the highest (86.89) in SX-G-N group.
The total aroma substances contents were the highest, increasing by 15.56% compared with the CK group. The characteristic aroma substances were
well distinguished from the CK group, mainly consisting of ethyl octoate, methyl methylene and ethyl laurate, etc. Therefore, the pre-inoculated H. uvarum
mixed-strains fermentation scheme could be applied to brew 'Cabernet Sauvignon' dry red wine to improve the quality.
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Table 1 Design scheme for fermentation experiment of dry red wine
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Fig. 1 Comparison of 5 glycosidases activities of 2 yeast strains
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Table 3 Comparison of pectinase and esterase activities of 2 yeast

strains
T B 1 RIS/ (U-mL") it AL i i 4%/ (U -mL™)
H. uvarum 2396.09+87.47a 14.07+0.25a
S. cerevisiae 1677.93+42.77b 12.87+0.11b
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Fig. 2 Dynamic changes of viable yeast counts during wine
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Table 4 Determination results of basic physicochemical indicators of
wine with different treatments

T T HIER Bl A
%vol (g-L" LI A1 R 11) (mg-L")
CK 13.73£0.40a  2.49+0.01c 4.36+0.34b  122.46+1.93¢
DJ-G 9.47+0.12d  42.15£0.36a  4.87+0.25a  133.59+0.03c
TS-1-1 13.57+0.12a  3.42+0.06bc ~ 4.77+0.22ab  166.98+0.03b
SX-N-G  13.30+0.46b  3.60+0.65b  4.63+0.22ab  126.92+0.01d
SX-G-N  12.93%0.15¢ 3.95+0.27b 5.08+0.07a  207.01+0.05a

TE « [ 91 AN 7] 5% B 2 7 Ak B i) 22 5 . 35 (P<<0.05)

P AT 1, AN ] Ak 23] 767 VG B 1 30 SRR 5 2,49~
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30 JF <4 o/LIEER /A [ Ach 34 46 26 0 A 1) T 0 R
12.93%vol~13.73%vol , H v CK ZH 7 25 105 10 5 15 i s , >
13.73%vol ; TS-1-14b H 21 4 45 175 B 76 1R o & e 4w 1
K e (13.57%vol ) , 546 BR 2 CKAH A 245 T T A 22 3 N (.
F(P>0.05) , HoAth A B2 45 45 1 FF 2 35K CK(P<<0.05) ;
TR AT Ak U 2 2 T R T RS S e A R v A T
BRI BB E AR OG | 8518 5 e R AR KRS LA SR — 3,
JE TR R R AR A T AR R A, e — W o
A AL AL A, 0 2 BEARIED | He uvarum 29 T FEBE
19 g/Li= 42 1%vol i 2L B, 54~ kb B 41 35 4 vh CK 4 45 %5 78
FE MR &R A%, 8436 g/L, 5DI-GHISX-G-NFAE it %
Z 5 (P<0.05) ., 45 &R AT | H uvarum3 5
R TR e {00 4 250 T v SR B e G A% Ak R A 4 T A A £
& BRI 3E 2 5 (P<<0.05) , Hi i SX-G-NZH 7 45 104 k¢
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i 7 25 10y A 2R 6 ;R 7 & BEAL B h i &S
J5T 2 1 1 T BB ZH CK (61 ), H v SX-G-N #E 7 .
Pl 2 e 2 5 (94F ) . SX-G-NI AL 753 W) Jit i 7 3 i s
(3105.41 pg/L) , AHEE T CKIGFE R N T 15.56% , P24 A7 4
325 (P<0.05),
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Table 5 Detection results and aroma descriptions of volatile aroma compounds in wine samples with different treatments

ok feir e ) A T
CK DI-G TS-1-1 SX-G-N SXN-G  (meg'lh)
iF L 131.28+19.52ab  84.74£1532¢  137.81x21.24a  101.47+12.1bc  11542+9.55abc 8000 fE& KEHE FHFE
B 29.78+1.06a 31.08+0.02a 42.38+6.19a 26.27+21.41a 1.6120.01b 200 FetgE W
A 0+0c 0+0c 1.69+0.01a 1.02+0.22b 120204b 200 000 ks Hk
BB 131.112255b  204.79£39.47a  167.4523534ab  156.91+38.16ab  163.55+2821ab 14000 g% Il T &4k
-7 24.08+1.61c 21.44+1.13¢ 23.42+0.2¢ 27.92+0.47b 37.88+2.51a 40 ES R S
1-T- B 4.73+0.03b 5.28+0.2ab 5.88+0.68a 3.01+0.35¢ 3.05+0.86¢ 600 ETFUR BUR KT
2,3-T i 1.78+0.03¢ 0.57+0.5¢ 17.18+0.02a 13.94+4.84a 9.10£0.01b 120000 R il JKIEFE
1,5-1% B 0+0c 2.18+0.02b 0+0c 18.19+0.01a 0+0c \ \
Bk 2-2 O BE 4.24+0.55b 8.33+0.15a 4.40+0.64b 7.66+0.36a 7.98+0.19a \ A BT
S5-I - T 0+0d 1.2120.09b 1.6020.01a 1.1920.03b 0.91x0.01c \ \
5-HI3ET-fE 1.66x0.12a 1.3420.02a 1.5120.27a 1.53+0.26a 1.28+0.14a \ \
3-MIEE-I-THE(HLEE)  23.36+3.16a 1.28+0.2b 1.98+0.06b 1.99+0.92b 3.07£1.15b 30000 RSB Rk F5
(2R3R)-(-)-23-T —fiE  20.56x0.06a 0£0c 0£0c 4.1121.15b 0+0c \ \
2-Z 1T HE 0£0d 4.84+0.06b 2.20+0c 15.49+0.02a 15.48+0.02a \ \
3-ZH4-HIHE-1-FE 2.55+0.06ab 2.48+0.62a 1.95£0.37b 2.64+0.92a 2.59+0.77a \ \
A 0+0b 2.07+0.36a 0+0b 1.81+0.02a 0+0b \ \
3-THs-1-,(2) 0+£0b 0+0b 0+0b 0.63+0.17a 0.78+0.29a \ \
it 375.13+51.7b  371.63+58.16b  409.45+65.03a  385.78+81.4la  363.90+44.12b
LRSI 77.96+6.52b 139.36+32.72a  11041x11.72ab  93.59+24.97ab  121.21+28.08ab 30 RF A
LR C i 3.60+0.05a 5.70+0.7a 7.17+1.01a 5.15+2.25a 721+3.11a 1500 AR B
LR 2T 4.99+0.6b 17.58+4.85a 11.38+2.48ab 8.93+1.79ab 5.77£1.92b 250 R OKEF OARE
T W 19.42+6.4b 30.45+4.08ab 37.52+10.98a 34.53+2.47a 32.49+2.08a 20 AR PR EHE
3BT MR 0+0b 0.81+0.01b 0.71£0.08b 0.88+0.67b 0.60+0.02ab \ \
2-HIB T MO MR 0.98+0.05a 0+0b 1.09+0.09a 1.00£0.01a 0.99+0.08a \ \
SRR 527.29+60.85bc  611.99+2.89ab  581.60+56.3abc  658.98+64.34a  494.89+14.23c 14 TS A A
dl-2-B TR 2 T 0+0c 0+0c 0£0c 2.23+0.43a 1.79£0.01b \ \
il K 3RO LB 1.17+0.37b 2.37+0.08a 0.70=0b 2.0320.79a 2.52+0.02a \ \
R L TR 11.28+0.02b 10.78+0.03b 14.49+3.1a 12.53+0.84ab 11.46+0.84ab 220 HE R
FRR L TR 1112.03£70.99b  851.02+60.27c  1055.79+0.51b  1296.14+33.58a  858.88+38.11c 5 E B A
RN 0.68+0.08a 1.4020.17b 1.54+0.42a 1.54+0.27a 1.83+0.24a \ \
T 2.91+0.14a 1.89+0.48ab 2.25+0.04ab 1.89+0.96ab 1.79+0.01b 1200 KR B VR
B T 263.14+3.86ab  227.63%24.58bc  267.68+19.8a  218.87#20.75c  221.56x14.62c 200 KR JEMT Mk
TR 33.49+3.33a 0+0c 33.78+2.65a 31.28+9.55a 21.50+1.57b 1200  WHEERJURE
S -4-5 TR £ i 0+0c 1.14+0.05b 0+0c 1.53+0.13a 1.42+0.02a \ \
O -5-1 R LT 2.05+0.17ab 1.62+0.02b 2.61+0.7a 2.29+0.49ab 1.80+0.01b \ \
DL-I'1 &R L 0.70+0.19¢ 2.11+1b 1.99+0.7b 4.27+0.13a 4.37+0.03a \ \
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CK DI-G TS-1-1 SX-G-N SXN-G  (pg'LD
(2)-F HLbR-9-H TR . Tk 0+0c 0+0c 0.43£0.15¢ 1.70+1.29b 2.88+0.22a \ \
KRS S W 0£0c 2.81x0.01a 1.32+0.21b 1.8620.5b 1.6320.57b \ \
9-B4 iR L ik 65.58+5.94a 21.93+8.62b 58.73+4.17ab 42.50+9.06ab 30.44+4.66ab 100 AR
2-C R T 2.7120.33¢ 2.77+0.64b 2.68+0.18¢ 2.90+0.12bc 3.3520.33a \ \
R LT 0.78+0.02a 0+0d 0.30£0.01¢c 0.40+0.01b 0+0d 100 75
=R 0£0c 0£0c 0.38+0.06a 0.3120.01b 0£0c \ \
+H R B 0.30+0.01a 0.39+0a 0.52+0.08a 0.51+0.29a 0.78+0.4a \ \
RN TR 0+0d 1.21+0.01b 0+0d 1.58+0.03a 0.64+0.05¢ \ \
KR 0+0b 3.85+0.96a 2.09+0.18ab 3.7740.16a 3.58+2.52a 650 \
(2)-t HLER-9-H TR . Tk 0+0c 0£0c 0.43£0.15¢ 1.70+1.29b 2.88+0.02a \ \
(E)-9-1 /\ Btk 1k 2. T8 0+0b 0+0b 0+0b 0.55+0a 0.730.31a \ \
9- TR BRIGTR £ Tk 0.52+0.02b 2.12+1.31ab 1.36+0.43ab 2.67+2.02ab 3.76x1.42a \ \
24-C IRTR LB 0.81+0.02b 0+0c 0+0c 1.03+0.06a 1.1520.13a \ \
HRR IR 2T 0+0c 0.32+0.01bc 0+0c 1.00+0.10a 0.76x0.57ab \ \
F R 2T 32.97£12.24b  5035£17.08ab  63.26£26.84ab  89.57+354la 94.80+34a 1500  AEA KA Wi
- PR £ 0£0c 2.760.21b 0+0c 3.06£0.22a 3.2920.01a \ \
N L E R LTk 3.45+0.15b 1.8120.6b 5.76+1.33ab 11.27+2.39 8.89+7.5ab 2000 BT A
KA R LT 2.07+0.15b 2.36+0.16ab 2.23+0.04ab 2.80+0.56a 2.43+0.2ab \ \
PR L TR 4.62+0.7b 5.59+0.12b 6.44+0.31ab 6.11£2.18b 8.61+1.27a 1500 AEF FHE RE
R T i 7.58+0.15a 4.55+0.55a 5.12+0.4a 7.15+3.68a 4.83+0.54a 200 Mt
RS TR 0.47+0.09b 0.57+0ab 0.65+0.17a 0.7020a 0.7320.03a \ \
R 513 i 3.26+0.55b 5.11:0.68a 4.01+0.48b 3.99+0.36b 3.67+0.26b \ N3
TR S 0.93+0.11b 1.47+0.14a 1.02+0.02b 1.26+0.18a 1.29+0.07a \ \
FLFR S R 0+0b 3.95+0.05a 4.80+0.01a 4.18+1.38a 5.67+2.83a \ \

&2 1 g 3.61+0.02ab 3.16+£0.45b 3.85+0.33a 3.68+0.19ab 3.48+0.30ab \ I
97 R IR (Z) 0+0b 0+0b 0£0b 0.90+0.01a 0.90+0.01a \ \
"mﬁ'%léé‘;%;% - 0+0b 0+0b 0+0b 0.40+0.41ab 0.59+0.29a \ \

KA T S i 2.47+0.34a 2.03+0.44a 0.96+0.34b 0.60+0.11b 0.59+0.20b \ \
PA) .55 17 5 T4 0.99+0.02a 1.03+0.14a 1.30+0.07a 0.83+0.37a 0.88+0.32a \ \
PA) T W TS 0.56:0.14b 0.56+0.13b 0.99+0.32a 0.69+0.12b 0.81:0.19b \ \
T R FE TS 1.02+0.04a 0.46+0.03b 0.93+0.02a 0.9120.16a 0.91:0.08a \ \
R S 2.00+0.08bc 1.6020.58¢ 2.35+1abc 3.80+0.94a 3.3120.9ab \ \
R S T i 1.29+0.02ab 1.1420.18bc 1.0320.09¢ 1.39+0.19a 0+0d \ \
H bR 5 1 s 0£0b 0£0b 0£0b 0.9120.01a 0.90+0.01a \ \
[ R A TS 0+0c 0+0c 0+0c 0.90+0.01a 0.88+0.02b \ \

5-%% T 0+0b 0+0b 0+0b 0.45+0a 0.44x0.08a \ \

S WR2-H 3 T g 0.50+0.09b 0.50+0.07a 0.52:£0.02ab 0.62+0.14a 0.57+0.07a \ \
27,3 B B IV R T 0£0b 341#l1.1a 0£0b 4.52+0.87a 0£0b \ \
VR 5 I 3.1740.79a 4.1020.11ab 3.720.33abc 4.4120.21a 3.52+0.29bc 125 KA Wi
5% S TS 0.84=0.05a 0.77+0.05a 0.94+0.03a 0.97+0.25a 0.87+0.08a \ \
B 2204.19+175.69bc 2 038.53+166.35¢ 2 308.83+148.35b 2597.71+229.72a 1999.04+165.77¢
TR 68.28+5.54a 56.46+19.42a 60.55+6.91a 44.61+12.66a 39.96+2.68a 500 DIl SRS
%gg %% 6.1240.11c 13.060.06ab 0+0d 14.52+5.60a 9.2120.01bc 1000 fEAEk W3k g
it 74.40+5.65a 69.52+19.48b 60.55£6.91c¢ 59.13£18.26¢ 49.17+2.69d




2025 4 i 44 4% T W

W5 wOE RS 55 401 1 .81+
oS
ok fetr F e R/ B
CK DI-G TS-1-1 SX-G-N SXN-G (kgL
AW 10.52+0.29¢ 1321x1.61c 12.3020.01c¢ 21.87+0.77b 31.14%3.76a 100 B AT
T 2 2.23+0.03¢ 2.56+0.28abc 2.85+0.34a 2.83+0.53bc 2.63+0.31ab \ \
ovidi 0+0c 0.80+0b 1.10£0.01a 1.10£0.01a 300 T HAR
2 - AR A 0+0d 8.70+0.01a 3.21=0.01b 1.50+0.62¢ 2.97+0.78b \ \
e i 0.690.13b 0.73+0.15b 1.55+0.19a 0.92+0.22b 0.96+0.26b \ \
@f‘i 5 R 47 TR 13.86+1.53ab 15.170.15a 15.40+4.97a 10.24+0.22b 10.18+0.16b \ \
KAl 0.44+0.08¢ 0.42+0.11c 0.30+0.02¢ 9.11+0.79b 9.91+0.01a 0.05  FFEH AT B
A I DI 2.7020.57b 4.4120.05a 2.87+0.76b 3.16£0.8b 3.1320.16b 60 T B
GBI 0+0c 5.51+1.97a 3.08+0.03b 5.17+0.15a 5.30+0.01a \ \
-l i 0+0b 1.92+0.63a 1.7020a 1.72+0.03a \ \
Hif 30.44+2.63d 53.43+4.96b 41.566.33c 57.60+4.11b 69.04+5.49
T 0+0c 0.65+0.01c 1.14£0.01a 1.15+0.26a 6 TF RE
SRR 0.30£0.01c 0.4620.17¢ 1.0520.16b 1.18+0.03ab 147+0.31a \ \
JI 1.26+0.14a 0.86+0.15b 1.29+0.02a 0.80£0b 0.81+0.01b \ \
’H%m T 1.4020a 1.3420.08ab 1.2420.03bc 1.2120.1¢ 1.09+0.01d \ \
GO AR 0+0c 0.89+0.01a 0.50+0b 0.50+0b \ \
EAep/C T 0+0c 0+0c 0.82:+0.20a 0.3620.02b 0+0c \ \
Hit 2.96+0.15¢ 4.2020.42b 4.4020.41b 5.19£0.16a 5.02+0.59 \ \
At 2687.06+137.43bc 2538.05+73.71c 2 824.88+74.84b 3 105.27+86.97a 2486.81x157.35¢
T RATAS R SR 7R A F1 ] 22 5 18 3 (P<<0.05) .

2.4.1 B £ A A AT

A b A I B R 25 A6 B W 598 & 51 999.04~
2597.71 pg/L, o5 KUK P 5 5 B 0 80% L) L | 2 4 2 T v
0 32 B KUK ) 5, SX-G-N ik 2 2 % 255 1 R v A 15 25 1y o
T (2 597.71 pg/L), 3 T CKOG R 21 4 7 1 A
(2204.19 wg/L) ; HUk & TS-1-141 % %) 1 ¢ (2 308.83 pg/L),
SR EA W& 2 (P>0.05 , Bk b O Bsk G E
S R T TR AL R R, PR R ORI
R AR (851.02~1296.14 wg/L) , MK Rk 8 |
FL AR VR 0 £ AT FE (SX-G-N .SX-N-G) i) ¥ i £,
fils i 2 e T X B4 CK (1 112.03 wg/L) ; © B2 £ g 2 46
F R TR Y T (494.89~658.98 pg/L) , T E T 4
FE R ERER o SX-G-NZH 7 45 0 FE Y © R 21 &
0 T AL CK (P<<0.05) ; TR T A& 1% Ak 2 26 4 765 14
FER) TR O TR & 2 & T4 R4 CK(P<<0.05) , #2851
40.23%~48.24% , BT A 4b B A AT RE P g R0 H 28R £
fis, FL & s R F B, AT R T HHE KSR I & A
B T CHRIEAN, RS LR 0 5 et AR A T X B4 CKAR
T16.70%~35.68%.
242 B XA AP

P 215 0 Jo 2 A 2 G v — S A U T, A
BE PRGN ) B B R EBACALA Y R E &
REEEBERY TP MR R L et i — KEY R,

T, o GBI B 221K 1300 mg/L A i] LA g 14 5
LB R T 400 mg/LET 2347 > il SRR AR P A
55 14 BT AT R R R i 3441 T 300 mg/L, TS-1-141 |
SX-N-G41 , SX-N-G41 i 45 10§ A rfr i P Bt 15 2 1 8 T % 1]
41CK (243.85 pg/L) ., TEAALFRTGRE 28 2 B2 A R rp
i RS T, S R A R 50% A 4, TETS-1-1
4 SX-N-GZH SX-N-GZ4H 7 2 W rf 28 £ B 5 w3 17
19.68%~56.20% , 1Ml 45 “ IR EZ BR A A0 W5 i ok T8 . T
T Fle B8 1 A7 A<, DR AR Y BN LE TR 1R R R R T R R
o iy, HL i 34 3 T BZH CK(P<<0.05) |, R AR 1
T L g 7 R A (4 5 SX-G-NFISX-N-G 4 1 1-2% i
CRFA TR T 2,3-T B (P FHKEE) 2-2
Fe OV (AR FAE T ) & e 38 i 3 v 0 IR CK(P<<0.05)
243 g 5B X B ik R A A T

TR PR H 1 B 7 AT, N A L 2 5 T ) 4
AR TR TR R T 2 rh il I 2 o 7 et 14 53 i T IR CK
(P<<0.05) ; Horr j -1 46 BURE | 42 & XM 2 7 H. uvarum
S5 LR R TP K A AR T A AT
B k2 S AL R AR P, 5 4 SX-G-NFISX-N-G k&
P 20 TP A P RS AE R R SR T A A
i T HRZHCK (P<<0.05) i 4 2 4 I 28 A 2 £ 1 384
Y5 H. uvarum#5 % 15 1) 5 4505 I RN 3 Il S R G
PE AN A I L 3P 2R ) G, B 0 T A R A
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RGP E (odor activity value, OAV) & & AL &4
WP 5/ SALA W BE A, 2 OAV > LI ] Bl i 72 Sk
HEFRSALE Y ;0. 5<OAV <L BE P 28 5 /<, J2 W 7R HRE
FRAEY , fei o LG W R AL PR 30 el 5 o
BRIV 5 M) ) 2 T A U A R Ak B A T FEOAV > 0.5/
FREY 6, 6T, A[H kb HEH A AEOAV >
0.5M & S AL& WA 1250, %F Hdk 47 32 54 43t (principal
component analysis, PCA) , &5 5 L3, H K371, PC1 . PC2
07 22 TR R A3 51 o 48.80% .23.50% , . Bil Ty 2 viEk R
H72.30% o 5P A AE B A5 X 1] B AR 4 Hb X 43 I, % IR 4]
(CK) 5 1R T & T 4 4 26 TP AR X R R TR — 2 B Y, B IR

TR T %o 20 T R A Bk S S YR TR A I R R T R O
KA, TS-1-14107 FPCL 7 5l i SX-G-NZ FISX-N-G
A FPCLAY IE 5l SX-N-GZLA TPC210 TEF 4l SX-G-N
ZH U FPC2 ) F b CILE A 40 T B AR AE <5 R
TG \9-F R TG AH S I, TS-1-1 40 A 8 T A 15 1 - i %%
Fii 2.1 | TR £ TR AH S IBG ol VA B LA AR SR R il 9 7 <
SX-G-N41 % % W HE 5 2 IR OB 1-¢ 1 K S+ fd  H ke
iR 216 75 26 BEAH SE 16 SX-N-GH i 49 W RE 5 T 1R & Ik |
LTRCEE HEMR AW & FEE 1-FBE R A O HE
SX-G-NFISX-N-G 2 ] % 10 #F 3 [7] 14 R AiF A0 H B R
W BB - RS X s b A 1 0 T 4 4
AT FKRAT

#6 AEAEREEESPHE(OAV>1 ) KB AR (CAV>0.5) BEAMESLEMESHRRSWEEE
Table 6 Aroma descriptions and odor activity values of the characteristic (OAV>1) and potential characteristic (OAV>0.5) volatile aroma

compounds in wine samples with different treatments

I {7/ s OAV
ety | AR
(pg LD CK DJ-G TS-1-1 SX-G-N SX-N-G
. 1-2¢ 40.00 E I S 0.60 0.54 0.59 0.70 0.95
e -T2 5.00 AR B AT 0.95 1.06 1.17 0.60 0.61
N & 30.00 SN i 2.60 4.65 3.68 3.12 4.04
L 5.00 KR B R 0.72 1.14 1.43 1.03 1.44
TR T 20.00 FAE ER HRE 0.97 1.53 1.88 1.73 1.62
B YN 14.00 HOR RE EA 37.66 43.71 41.54 47.07 35.35
¥R TR 5.00 W B ALF 222.41 170.20 211.16 259.23 171.78
2R TR 200.00 (ISR NN YN EUS 1.32 1.14 1.34 1.09 1.11
9-3& )5 R 7, T 100.00 AR 0.66 0.22 0.59 0.43 0.30
H R 2 1 83.00 Tk BT KSR W 0.40 0.61 0.76 1.08 1.14
o g 40.00 B R 0.26 0.33 0.31 0.55 0.78
i Ry - i 0.05 RESR 7 kT 8.80 8.40 6.00 182.20 198.20
«CK 2.5 BB it R
D il 2 S AR A B AP R AT R VR AY, 4 SR 37, 27
g . = AT R T R T V4 B 6 B AT AR B
Go|l—sms  ces WL 1 4 T 40 A0 Y A BB B, R T kB
3 S 44 2 B4 AT 4 T G PR I S 40 6 B
Sl smds TR 5 RSPy, TC A Jia R AR 2 8% o I TR T R IR Y
| | A2 RE (0 VP A 34 8 T IR R 5 U AT
-4 2 0 2 4 55 5UA — 20, b SX-G-N4L W & S0 43 d =i 24,4457

PC1 (48.8%)

E3 AEABFHEAHELUETSUEGVERIIFER
Fig. 3 Principal component analysis results of volatile aroma
components in wine samples with different treatments

H. uvarumz: 5 & I 1109 BF LA VEF 43 1 35 5 T CK 4L, H
HSX-G-NZH g BB P37 53 Fe v o SX-G-NAHLIERE 143 653
e, 86.8941; TS-1-14Kk , 2483.33 43, 25 LKW KA
K WX = ¢ AR ERER T 4 A T SR R R B

R7 AERNBHAE#ENBEETINER
Table 7 Sensory evaluation results of wine samples with different treatments

T ke T8 HR S A P Ky
CK 4.31+0.16a 4.40+0.16b 21.44x1.58c 36.11x1.40a 15.30+0.96b 81.57+2.12bc
DJ-G 4.62+0.48a 4.22+0.67b 22.00+1.58bc 31.00+1.41b 16.33+1.73ab 78.18+3.06¢




. 2025 4 45 44 % 4 7 W]
B OE R OE

T R4S B 401 1) - 83-
s%
Wk 6% Vi FA gk S B
TS-1-1 4.56+1.01a 4.22+0.67b 23.33+1.50ab 35.11+1.76a 16.11+1.05ab 83.33+4.39ab
SX-G-N 4.56+0.88a 4.33+0.87b 24.44+1.23a 36.44+1.59a 17.11+£0.78a 86.89+4.11a
SX-N-G 4.44+0.70a 4.33+0.50b 23.00+1.67abc 35.00+1.50a 16.00+1.00ab 82.78+3.35b

TE ¢ [ 91 AN ) 5% B e 7 Ak B i) 22 55 1 25 (P<<0.05) .

3 &it
AW 4T H. uvarum5 S. cerevisiaelit o & T M 4%
ol 250 < o BE R T 40 A T B R, SRR R
H. uvarum5 S. cerevisiaeH b4 2 55 1Y B-D- 4 % 4l 17 1 |
B-D-AME Y Pl R R RS 6 P, TR A A R v () I R 4
% th H. uvarumid A= 4 B 8 52 2300 5 Y6 $ F0 H. uvarum
1) SX-G-N4 H H. uvarum = K 14% & e A% | 16 & 8U0R 5 78
2.0x10°CFU/mL, B % fdf HAR & i 75 it 1o B b R 354
H. uvarumZ: 5 18 K I REAR T 780 280 T8 (00 P0RS 3 3 8 1 A 4
TSR FIAE (o B 1 TR TR K I PR A v 8 S S Y it o B
F& HEREE Y I L5 CKAE A B K25 H. uvarum
S TR TROERMOR T IERW S & Wi T
AR B BT Y 2 i, JU R OR G 5 4 4 9
it} S B A RN AT TSN 5 e Al H. uvarum P45
S. cerevisiacb B F S YT S ey, HUR & T CKA
(P<<0.05) , LL¥HR R K 1T A HE R £ 1 56 8 FRAE
T ST . T AT A T 1) 80 260 T R J P 40 1 o T R R
%, H. uvarum= 5 J 1% 0 10 A S 80 97 43 1 25 5 T CK 4
(P<<0.05) .
H. uvarum’5 S. cerevisiaelft & A& I vl AT AR EEER
21 A 0 & BT, SX-G-N (Y64 A H. uvarum, 3 dfF #% A
S. cerevisiae) 4H i % 1 AE A0 JFUBE B i 5096 B RE Ak B 4L
A A EOR  AE O SR A s RRCE R AR A
A WAL S S AR T 5 —S. cerevisiae
KNG TN T 15.56% , W 1R T & 8% 5 58 7 i 7 T 14 A IR i
o B — S 0 T T o IS S o 5 A EE TR A SR
H. uvarum’5 S. cerevisiaetfl B AE LB, if — 25 R 2 1A
F6L IS P R 7 ) 25 T TR v 1 17 ] i R BRS ARH
SE ik
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