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Abstract: [Background] The application of commercial yeasts has caused a serious problem of
wine homogenization. It is significant to explore excellent indigenous strains of Saccharomyces
cerevisiae. [Objective] To screen out the S cerevisiae strains with excellent wine fermentation
performance from 168 yeast strains isolated from the eastern foothills of Helan Mountains.
[Methods] Duchenne tube fermentation, tolerance tests, and H,S production experiments and
growth curve establishment were employed to screen out the indigenous S cerevisiae strains
with excellent fermentation ability, strong stress tolerance, and low H,S production for Cabernet
Sauvignon wine production. We determined the basic physicochemical indexes and the content
of phenols and volatile compounds in wine samples to explore the fermentation characteristics
of the candidate yeast strains. [Results] Four indigenous S cerevisiae strains, YC-ES,
QTX-D17, QTX-D7, and YQY-E18 with rapid fermentation, low H,S production, and tolerance
to 13% ethanol, 350 g/L glucose, 250 mg/L SO,, and pH 1.0 were preliminarily screened out.
The strain YC-E8 showed high glycerol production and produced the wine sample with similar
aroma to those prepared with commercial yeasts XR and F33, being suitable for brewing
Cabernet Sauvignon wine. The wine sample fermented with strain QTX-D17 had the highest
content of alcohol, tannin, total phenols, and anthocyanins, which indicated the excellent
fermentation characteristics of QTX-D17. In the wine sample fermented with strain QTX-D7,
the content of ethyl acetate, ethyl caprylate, and 1-nonanol endowing the wine with pleasant
floral and fruity aromas such as banana, apple, pineapple, and coconut aromas were higher.
[Conclusion] Finally, three indigenous S cerevisiae strains QTX-D17, YC-ES8, and QTX-D7
were screened out. The three strains exhibit diverse fermentation characteristics in the
winemaking process and provide novel yeast strains for exploiting the microorganism resources
in the wine-producing region at the eastern foothills of Helan Mountains in Ningxia.

Keywords: indigenous strains of Saccharomyces cerevisiae, screening; stress tolerance;

fermentation characteristics; aroma compounds
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Table 1 Resources and number of strains
G ANl BRI [Eakz e
No. Example The resource of the strains The number of strains
QTX (C6-C9, C12-C14, C16-C18, D1-D4, D7-D10, QTX-C6 5 il I (F5 %31 FE) 66
D12-D14, D16-D20, E1-E20, F1-F20 Qingtongxia (Xige estate)
YC D2,D5,D7-D9, D11, D12, D15, D18, YC-D2  RJINGERENE A L) 49
E1-E20, F1-F20 Yinchuan (Yuanshi vineyard)
YQY DI1-D2, D5-D8, D10-D12, D15, D17, YQY-D1I  EIRE(TEARRARARD 53

D19-D20, E1-E20, F1-F20

Yuquanying (Ningxia state farm)
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AR SREEEREIA AL ST 2022 4F 10 A
8 HE A 77 & Bl [ 16 DX 7 Hil e PO AT 1, 8
W5 227.2 g/, W ERR(VAEARRIT) 5.8 g/L,
pH 3.72, ARG R LF.

1.1.2 EFHFE

YPD I 1A K% 5% J& (yeast extract peptone
dextrose) (g/L): & i 20.0, BEEEHEZH 10.0, #i
HIBE 20.0, [ ARG FEIE A AN INBE 13.0 g/L.

BIGGY 1% 3% % (bismuth sulfite glucose
glycine yeast): 3577 5H 45.0 g/L, HNZEMRKE
WKL 1 min, BEIZE 45-50 °C, {8 ABGFRINL,
JCAH i FE R T

EANE, BERERA . BIGGY IR 54y
A S YR A BRA H
1.1.3  EFZRFIFLEE

0.1 mol/L #FEEMRENLE shiR . FREX 29.0 g 7
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FAETREN . FALEN . JOK OB, AN, &
BRI IR S R ot , B 2548 Bk 5
FIARAF

HEASEFEA, BN IR A PR A F] ; £64b
AL YOREETE, JERTREHTA W bR, FERR
RIS A IR A E] ;4 B Sh i a0 o B A
Biosystems 2\ A ; BUIEACRI AR AL, ZHEfR
FHE A BRA T .

1.2 7
121 BB FREIE &

PR A7 T —80 °C 1 TR VA 1 B T Ak K] 2k &=
YPD [ AR 3L |, 28 °CH53% 3 d, BEAAEEIET
YPD AR 3R, 7 28 °C. 180 r/min [HIEHF
D5 FE 12 h J5 s W R
1.2.2 AR 0REEE B e B [ it

TR P 6 mL YPD W 415 95 51
151 B AL /N (B AR A FR A PR FE VR
121 °CK# 15 min J57% ). F YPD WA 9 5
PR T ODgoo {EH 0.15 YT, [ 3% 3548 o

A 200 pL HW , IR 48 51 I FHERR <L, 76 28 °C
fEIR - ESE SR, N6 h PR, M 1 h M —K
FERE N FERE O, JHEICSE, PIEIHE
TR 13 AR - BB B B AR , 1T — 2/
b

1.2.3 AT EREESH S %L

DL YPD A FR B BB R, IS IIASIA]
EFE(10%., 13%. 16%. 19%7F1 22%)RJCK
LT, e S e 95 6 s fif VSR BRI Y YPD
WAL TR pH, BCHIASR] pH {E(1.0, 1.5, 2.0,
2.5 Fl 3.0)AY I EREFE 3L . F 0.1 mol/L #Pge R NS
IR R ODgoo T 0.5, B 300 pL BERNNA
FIEAE 10 mL FRAFERFRIEEOE R, F
28 °C. 180 r/min F&/ FHR%H55% 24 ho RN
SRR R, S MRRRRRE R 10°, 107, 1072, 107
107 IRATEE 2 L BBUS T YPD [E AR
I, 28 °CHESE 24 h Ja AR R BEAE KB L -

DL YPD [EfARE SRR IEm B SR 5L, /il
TIAS ] Joi 4 & (250 . 300, 350, 400 A1 450 g/L)
1) ) 25 0 RN AS 7] 3T 2 R B2 (50 . 100, 150, 200
F1 250 mg/L)#J SO, (LM E N ARFREF TN, Bl
FORERL SO, AT SR 5. FH 0.1 mol/L #rA57R
BAZE MBI RN T ODgoo fE M 0.5, FEFHZE MRS
JERRE, 8 AMFREEEE A 10°, 1071, 107, 107,
107, 107, 10°H11 1077, 1RSI 2 L HERS R
TR |, 28 °CH535 24 h J5 WESHBEAE
KA.

1.2.4 ATERAEES” H,SHFHRERMENE

H 0.1 mol/L #7145 IR £l 2% i i 94 F + &
ODgoo fH N 0.5, B 2 pL W ~AET BIGGY
Mo b, F28°CH;3% 4 d J5 WEHTEHI( .

BCRh T3 1 mL il A 100 mL YPD &K 77
Jerp, T 28 °C. 180 r/min #EFIEHE, M2 h
HUFE 3 mL, FISAM R THIIEL ODgoo MOt
B, DAEFREFRIAREARAR, ODgoo WINAEPR, %2
il AR 2
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TR, SR Fe M B AR 1x10° cells/mL
e AR EREN

P FoRitfng . o TR IR A R S
BRAFR RIS , 280 90% 7036 T 5 L BE B K T
WE, A 60 mg/L fwEWERARER, BiFEEImA
30 mg/L HYSRMCHE, WG 24 h, AN
BE I Bl A e (e A PG b AR )
TR BER L EAE 0.992-0.996 FF RLIF A & I 45
W, BRI 60 mg/L B WAL ERET , &
EEE 1R BRI, [F B A7
PRALFEARSF I E o
1.2.6 EREERLIEHRNE
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H R WF 5% B 80 ¥ F (National Institute of
Standards and Technology, NIST) b X 45 5 X} 4]
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B OTHRAR EE AR bR, 2 BT A VR B AR 0
B [ 1) E AP
1.2.9 HIESF

{# FHl Microsoft Office 2019 #{F 4 THHESE
11, SPSS 26 A%t B s 247 B P 734 , Origin
2021 BT

2 BER54

2.1 EEFMTFIE

WERE T R EEt R b 22 A CO, Ak, AR
Fo T A G /NS 1) B ) T e A e P e R
RESIO, g 2 A ARG A R B Ft6h
AR TR AL /NS TR AR 1 R, i 12 h
PR TR A F/ NS B TR AR 2 R, TTFE 7. 8.
9.10 F1 11 h AR TR AL I/ NVE I TR R 53 0 A
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Table 2  Gas production of different yeast strains
SEFEWALIG K RS

[ Quantities Strains No.

The gas fills the

Duchenne tube

for a time (h)

6 1 QTX-D2
7 4 QTX-C7, QTX-C14, QTX-C18, QTX-C16
8 20 QTX-D1, QTX-D10, QTX-C6, QTX-D4, QTX-D8, QTX-D16, YC-DI5, YQY-EI, YQY-E11,

YQY-E18, QTX-C8, QTX-D13, QTX-D12, YQY-D7, QTX-E5, QTX-E19, YQY-E4, QTX-C17,
QTX-D17, YQY-D20

9 82 QTX-D7, QTX-D3, QTX-D14, YC-D2, YQY-D5, YQY-D2, YQY-D6, YC-D5, QTX-ES,
QTX-E10, YQY-E14, YC-E1, YC-ES, YC-E6, YC-E7, YC-E8, QTX-C12, QTX-D20, YQY-D15,
YQY-DI, YQY-D19, YQY-D11, QTX-E12, QTX-El4, QTX-El, QTX-E7, YQY-E6, YQY-E12,
YQY-E16, YQY-E19, YQY-E20, YC-E2, YC-E20, QTX-F3, QTX-F6, QTX-F8, QTX-F13,
QTX-F17, QTX-F19, YC-F9, YC-F12, YQY-F1, YQY-F6, YQY-F10, YC-D7, QTX-E20, QTX-E9,
YQY-E3, YQY-ES, YC-E3, YC-E9, YC-E12, QTX-F2, QTX-F4, YC-F13, YC-FI8, YQY-F4,
YQY-F17, YC-D8, YQY-D10, YQY-D17, YC-D18, QTX-E4, QTX-E15, QTX-E17, YQY-E13,
YC-E4, YC-E11, QTX-F5, QTX-F7, QTX-F12, QTX-F14, QTX-F20, YC-F3, YC-F6, YC-FS,
YC-F14, YC-F17, YC-F19, YQY-F11, YQY-F16, YQY-F19

10 42 YC-D12, YQY-D12, YQY-D8, QTX-D19, YC-DI1, QTX-E3, QTX-El1, QTX-E18, YQY-E2,
YQY-ES, YQY-E17, YC-E14, YC-E15, YC-E19, QTX-F10, QTX-F16, YC-F10, YC-F11, YC-F16,
YQY-F3, YQY-F5, YQY-F7, YQY-F14, YQY-E7, YQY-E9, YQY-E10, QTX-F9, QTX-FI1,
YC-F2, YC-F4, YC-F5, YQY-F2, YQY-F9, QTX-E13, QTX-F15, YC-F7, YC-F15, YQY-F12,
YQY-F13, YQY-F15, YQY-F20, YC-E17

11 20 QTX-DI8, YC-D9, QTX-E2, QTX-E6, QTX-E16, YQY-E15, YC-E10, YC-E13, QTX-C9,
QTX-D9, QTX-F18, YC-F20, YQY-F8, QTX-C13, YC-E16, QTX-F1, YC-F1, XR, F33, CECA
12 2 YC-E18, YQY-F18

1 FMAEHKR I hFHHEREFSER 0 AUKRARWHIRE; 1. UERWHRE. WATEA KK
J&: A, QTX-E4. QTX-E3. QTX-Ell, QTX-E13, QTX-E15, QTX-E17. QTX-E18

Figure 1 Gas production of Duchenne tube at 9 h of partial yeast strains. 0: The gas is not filling the
Duchenne tube; 1: The gas is filling the Duchenne tube. From left to right: Blank, QTX-E4, QTX-E3, QTX-E11,
QTX-E13, QTX-E15, QTX-E17, QTX-E18.
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Table 3 Ethanol tolerance of different yeast strains

k75 8= Bt LB
Strains No. Quantities  Ethanol concentration (%)

10 13 16 19 22
QTX-D2, QTX-C7, QTX-C14, QTX-D1, QTX-E19, QTX-C17, 34 + - - - -

QTX-D14, YQY-D2, QTX-E8, YC-ES, YC-E6, YC-E7,
YQY-D15, YQY-DI, YQY-D11, QTX-E12, QTX-E14, QTX-E1,
YQY-E12, YQY-E16, YQY-E19, YQY-E20, QTX-F3, YC-F12,
YQY-F6, YQY-F10, QTX-E20, YC-E3, YC-F13, YC-F18,
YQY-D17, YC-DI8, YC-F6, YC-F17
QTX-C18, QTX-C16, QTX-C6, QTX-D4, QTX-D8, QTX-D16, 76 + + - - -
YC-D15, YQY-E1, YQY-E11, YQY-E18, QTX-C8, QTX-D13,

QTX-D12, YQY-D7, QTX-ES, YQY-E4, QTX-D17, YQY-D20,

QTX-D7, QTX-D3, YC-D2, YQY-D5, YQY-D6, YC-D5,

QTX-E10, YQY-E14, YC-E1, YC-E8, QTX-C12, QTX-D20,

YQY-D19, QTX-E7, YQY-E6, YC-E2, QTX-F6, QTX-F8,

QTX-F13, QTX-F17, QTX-F19, YC-F9, YQY-F1, QTX-E9,

YQY-E3, YQY-ES, YC-E20, YC-E9, YC-E12, QTX-F2, QTX-F4,

YQY-F4, YQY-F17, YC-D8, YQY-D10, QTX-E4, QTX-E15,

QTX-E17, YQY-E13, YC-E4, YC-E11, QTX-F5, QTX-F7,

QTX-F12, QTX-F14, YC-F3, YC-F8, YC-F14, YC-F19,

YQY-F11, YQY-F16, YQY-F19, YC-D7, QTX-F20, QTX-D10,

XR, F33,

CECA

+ ARG AER; — TRHRAGEAERK. TR

+: The strain is growing alive; — The strain isn’t growing alive. The same below.

& 2

- 10%

YQY-D17
YC-DI8
QTX-E4
QTX-E15
QTX-E17
YQY-E13 |
YC-E4
YC-El1
QTX-F5
QTX-F7
XR

F33
CECA

B EK OB ZMEER

- 13%I 16% 19% 22%

Figure 2  Ethanol tolerance of partial yeast strains.
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AR B2 PSS R B, 76 MR BEEE1E
250 g/L [ Wik B T I BE SRl 6, Wi
HAEKIEE ., YEbEk A E) 300 g/L i, TR
AR IFIRSZ BP0, A 9 BRI AAETE ; 76 350 g/L
)RR BE AT 35 BRIARAETE ;. 7€ 350 g/L 11
FOMEMREE S, A 32 B A H Az B AR T
715, X HRDEE XR. F33 Al CECA HAH

F4 TRBHERSENZMEER

Table 4 High glucose tolerance of different yeast strains

LT 32 s A BFRTE 400 g/L 1 450 g/L
HIUSE R TCAFE A K IBR(GR 4), BB AR FbE
fiif 2 P25 SR AN 3 i o T 4 BRI AR IR 3
77 DX TR A 2 o S B T R A, R T
L RETE o7 4 R m R e PP DR T
ZE W U E R 350 /L A4 32 RRT I i Bk ik
11 F — 0k

R G 5 Bk AR
Strains No. Quantities Glucose concentration (g/L)

250 300 350 400 450
QTX-F8, QTX-F13, QTX-F17, QTX-F19, YC-F9, YC-F8, YC-F14, 9 + - - - -

YC-F19, YQY-F11

YQY-D19, QTX-E7, YQY-E6, YC-E2, QTX-F6, YQY-F1, YC-D7, 35 + + . - -
QTX-E9, YQY-E3, YQY-E5, YC-E20, YC-E9, YC-E12, QTX-F2,
QTX-F4, YQY-F4, YQY-F17, YC-D8, YQY-D10, QTX-E4, QTX-E15,
QTX-E17, YQY-E13, YC-E4, YC-E11, QTX-F5, QTX-F7, QTX-F12,
QTX-F14, QTX-F20, YC-F3, YQY-F19, QTX-C18, QTX-CI6,

QTX-D10

QTX-C6, QTX-D4, QTX-DS, QTX-D16, YC-DI5, YQY-EI, 32 + + + . .
YQY-E1l, YQY-EI8, QTX-C8, QTX-DI13, QTX-DI2, YQY-D7,

QTX-E5, YQY-E4 ,

QTX-D17, YQY-D20, QTX-D7, QTX-D3,

YC-D2, YQY-D5, YQY-D6, YC-D5, QTX-E10, YQY-E14, YC-EI,

YC-E8, QTX-C12, QTX-D20, YQY-F16, XR, F33, CECA

250 g/L

300 g/L

YQY-Flo CE
YQY-F19 L)
QTX-Cl16 LK
QTX-C18 L)
QTX-D10 XS

QTX-C6 XD

QTX-D4 LLE
oTXx-D8 L
QTX-Dic CLE
YC-DI15

XR
F33
CECA

3 WAEMRSEMZMER

Figure 3 High glucose tolerance of partial yeast strains.

350 g/L

400 g/L 450 g/L

. - .,
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ik pH Mz R R, 32 BRERE I AR
pH 2.0-3.0 i}, FEVEAKIEEIFEW T W, JLF
KZBHG; 24 pH (AL 1.5 B, BHRAERKZ
SR ANg, EFAERIKIHAAS; 7EpHE T
Mz 1.0 i, B @tk XR. F33 Fl CECA IR
fif, A QTX-C8., YQY-D7 #1 QTX-D17 5§
12 BRR A, RUIHmI RS R, 50k
O 26 T 1) R PR PR B (R 5), ERArRIbK pH N A2
PELESR WA 4 Fiw ., BICEERE 32 5 Ik pH 1.0
(1) 12 BRERGEELE AT T — 20 B

SO, i ZAE L5 R F M, 12 MRAS L BRI R 5

K5 AREESEKKpH WZMHEER

Table 5 Low pH tolerance of different yeast strains

3 MR BB REAE 50-250 mg/L B SO, il 3
B AR, HARZ R I . % 83 &
SV At PR A 2 T TR v, LA ol 8 e e £ R A4
R AR, DR G B I8 I 1 R B8 (A BRI e B 0o
LBV FrOEE 12 Bk TR AR AR B AT — 2B BT i
2.3 7= H,S BE NIk

H,S BB 55045 A A U R AL B T TE , DA
B R R R IR VPR 1S F 0k BIGGY F V&
IR HoS RS, BETESIE iR EIR
WA A, i, WA a R e, LR
HoS RS RA= . AKF= . ==, anfel s i

kG

Strains No.

QTX-C6, QTX-D8, YC-DI5, YQY-El, YQY-E1l, QTX-DI13,
QTX-DI12, YQY-E4, YQY-D20, QTX-D3, YQY-D5, YQY-D6,
YC-D5, YQY-E14, YC-E1, QTX-C12, YQY-F16, XR, F33, CECA
QTX-C8, YQY-D7, QTX-E5, QTX-D17, QTX-D7, YC-D2,
QTX-E10, YC-E8, QTX-D20, QTX-D4, QTX-D16, YQY-E18

B pH

Quantities 3.0 2.5 2.0 1.5 1.0
20 + + + + -
12 + + + + +

— ) — ]
QTX-C8
QTX-DI13

QTX-DI2
YQY-D7
QTX-E5

YQY-E4
QTX-D17
YQY-D20
QTX-D7
QTX-D3
XR

F33
CECA

4 ERSEKIK pH MZMHER

Figure 4 Low pH tolerance of partial yeast strains.

[— 2.0
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CECA

YC-E8 QTX-D17 QTX-D7 YQY-EI8

XR  QTX-C8 YQY-D7 QTX-ES

5 AREFEM%T H,S 8

YC-D2 QTX-D20 QTX-E10 QTX-D16 QTX-D4

Figure 5 Evaluation of H,S production of different yeast strains.

/N, YC-E8 4§ 4 MRAS - Wb 55 5 Mk [ B TR CECA
Hia kiR, BT HS KEbk. rlkik
BETE XR. F33 5 QTX-C8 % 8 thA bl (4
FRERE, JB T EAL S bk o BRI RS
AR AR A O Y HoS, B RS K
ORI, R TR A AR R A
YC-E8., QTX-D17. QTX-D7 1 YQY-E18 k1T
J& SR
24 BEHREKHZ

AP A B TR T B T A K A R
BEA RO . ANRIBRTHEERE AE K i and 6
B, 7 RRERP 2 BELE 2 h AW A TS 80k K,
Ui HH RIS N PR R TR 7 4-8 h S8 i AT BUE

KM, RUNZGBIRR A IR, SR AR
——F33
—v— CECA

0" 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 4 6 81012141618 2022242628 3032
Time (h)
6 TREEGERAEHLZ

Figure 6 Growth curve of different yeast strains.

4 BRA - B EERE S 3 PRET L EERE) ODeoo fEAHZE
FE TR 10 h FRERE#EA A KA E W, H
YC-E8. QTX-D7 #il QTX-D17 7EFaE W) ODgoo
{E5 T YQY-E18, XR. F33 #1 CECA.
25 HEBEMBLIERD N
AR SR AN 6 TR, FRIE S <4 o/L,
] F AN [R) TR BT A I PO T AR 2 5 F TR G R T
HIE AR AT G [ KM AW hn e . IEAS EETE
13%—15%JEHE N, QTX-D17 B bk A& B ) FEH
KR e, M 14.69%. BIR . LIRS ED5
1E 4-6 g/L F1 0.2—-0.5 g/L JE I, X EG il #kk
4 BRAS T BRI AR AE , ERS R 2
SRARE . R R RM T —EMEFR,
B A I 5 et 3el o S RU O A 2 P R AR, R
BEOR . BRORSE, 045G 45 A R O i AN L
1.2 /LS 56 v 2 P 4 ARAS - PR o B %
FERHE R IR & i 35 = TRk e XR . F33, W]
RESZ TR, H I AE AR R Y A
&L SO, i TE 31-42 mg/L Ju RN, QTX-D7 HH#k
RS SO, it , M 41.67 mg/L,
YQY-E18 H#k i 33.67 mg/L, I HiiF & SO,
AR, XS IR EE IR R R TS
H7E 7-8 g/L JEE N, YC-E8 kA= Hil &
ZHN 124 gL, B HIMEE 14, mHhss
e 2 G RIS, B39 o 2 G XU 19 &2 2%
JEECT) AR A PR R 0 o e B % VR AR Y pH
(YL HIE 3.86-3.92 Z[8], ZRAEH,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



DUNNFTEE: B 22 L R R R AS L IR % R 18 SR R PR 20 AT

4031

*6 A EEROGEKAEFREREEDFNEMELIER

Table 6 Basic physicochemical indexes of Cabernet Sauvignon wine samples fermented by different yeast
strains

WSS PR BN SR FER R K SO, lif# SO, Hih pH

Strains Alcoholic Residual Total acid Volatile acid Total SO, Free SO, Glycerol

No. strength (%)  sugar (g/L) (g/L) (g/L) (mg/L) (mg/L) (g/L)

QTX-D17 14.69£0.20a 0.56+0.10a 5.1240.35ab 0.49+0.05a  34.33+0.58d 10.11+£0.77a 7.03£0.05b  3.87+0.00ab
YQY-E18 13.87+0.54ab 0.50+0.07abc 5.24+0.11a  0.39+£0.02bc 33.67+0.58d 9.67+0.58ab 7.15+0.07b  3.86+0.01b
QTX-D7 13.12+0.87a  0.42+0.02abc 5.23+0.06a  0.44+0.03ab 41.67+0.58a 10.67+0.58a 7.15+0.07b  3.86+0.02b
YC-E8 13.57+£0.46ab 0.424+0.01abc 4.974+0.06ab 0.39+£0.05bc 40.33+0.58b 10.67+£0.78a 7.24+0.13ab 3.87+0.02b
CECA 13.49+0.33ab 0.53+0.03ab  4.86+0.28bc 0.49+0.03a  39.33+0.58b 10.67+0.58a 7.08+0.19b  3.90+0.06ab
XR 14.13+£0.50ab 0.35+0.03¢  4.87+0.12bc 0.32+0.02cd 37.67+0.58c 9.67+0.58ab 7.13+0.06b  3.89+0.04ab
F33 13.18+0.39ab 0.40+0.15bc  5.30+0.09a  0.28+0.01d  34.67+0.58d 9.67+0.58ab 7.15+0.20b 3.87+0.01b
AR NE FRACR AR B2 2 5(P<0.05). A

The different lowercase letters represent significant differences (P<0.05). The same below.

2.6 BEIOEEMRNE KGR D A6 DU 5 T €358 1) 32 ) o 22— o AN [ R PG

HE N R AR 2 hE , FoA B 2840 Jo 2 X
ZJIIERCE . PR SRR A RS M A
g7, FEASEMR . TR AT R B
BE TR AR AT AR Y 48 4 G 1 s 288 i 0 B AR A
PUAALRE SIS, BRI R0, TR 1 B 14 20 i B
A AR S A AL A, s 2P0, R
[ P L R 3% ) A 280 b L R S B N R
7 Fis, AR QTX-D17. YQY-E18 Hl
QTX-D7 & Wil v B 5 1 35 W 25 TRk
M EE CECA . XR Al F33, HrpaAs 4 FRiF i £
QTX-D17 A BANFE T S i = oA 1 980 mg/L,
HYCEA AR YQY-E18 K BEHIAE, Rl
XR AP T S (R 1 040 mg/L, X}
T B R, A R RERE QTX-D17 &Y
TRE I 2 8 T B R R BRI, 2 1 798 mg/L,
1M YQY-E18. QTX-D7 #l YC-E8 45 3 kil %
BER TG AR () S & A 22 . R T
HE IR, A L AR RE QTX-D17 By % 174 T it
PERER AR, AR — IR I & A TS AR
.

R T 1Y) 00 L BT Y R A, 1T

P B T i 0 1 25 T T AR BT S AN 8 R, AR
AR EERE QTX-D17 & IRy T A v A8 8 1 5 i
S T HAL R, &k 580.71 mg/L, iH
TR REAETEORG & 1A (B0 X 46 €8 17 & S DTk
AIRES A B R SRR N 2R P Gk
A AR RE YQY-E18. QTX-D7 #1 YC-E8 5
R #EEE CECA | F33 Fil XR A BERIAE AL
oA, B XR & BRI AE (1
SR RAK A 496.71 mg/L.

2 T € P 2 S o A T IS 7
My R A A (LT S B o i 6. (RN
SR IR, R R R W (K 0 €2 R
W, ARG BEE . ERBR A
JRFFAER) e 1 2 IV A T €0 Y 210 it ) AR
A R 6 A 3 P A 2 € R (Al 7 €581 o AN [ g
PRERE IR P AT AT R . AR 9 iR, ARE
TR R R RS A P 0 R0 1 2 S B 0l A - PRI T
QTX-D17 KPP (o B B fe iy , T YQY-E18.,
QTX-D7 F1 YC-E8 &I F: It i T 3 Bk
[N B G A e [ R N AN AN N & v T
B T 2w A R W e Y i
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Figure 9  Chromaticity and hue of Cabernet

Figure 7 Content of tannins and total phenols in
Cabernet Sauvignon wine fermented by different
yeast strains.
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Figure 8 Anthocyanin content in Cabernet
Sauvignon wine fermented by different yeast strains.

27 BEBEERMERS S

0 5 i 1 ) 4 RRAR L TR I R R 3 R R
Ve B T T )R 2 T AR A A VR B AR T
A AR A AN Y 53 RSB (GR 7).

Sauvignon wine fermented by different yeast strains.

Hr BRI T 28 Fl . BRI 12 AL BRI
6 M LA K HABSAL G 7 Fh

TR Wt fer, BRI o 32 SR AE e Bk A
AV R EEEIE R T A AL, AT AR R
A EEETTERE o A (R I JEBE TR PR I 1Y)
IR EE R A T EE 2R B S R AE 213 606.55—
291 493.81 pg/L Z (0], K ZE0 ek B & Tk
B, BIaEARCREN R OEE . A FAER
TR R ORIl . BABIEINFIR O
BiR% o RL LR CECA A BREPIFE RIS 7
B, HAOROAS - R EE QTX-D7. QTX-D17,
YQY-E18 fil YC-E8, & if >l F33 Fl XR, it
R E H 1 4 BRAS A R 1 B Xo) 48 28 T A < ot
FRAE AN T Rl 1 B B2 S0 A 472 R 1
o) HOR T ERSE W 5T, i ik A IR A v
25 A B E 191 847.80-1 265 280.03 pg/L
Z 8], Fkk QTX-D7. QTX-D17 #1 YQY-E18 k&
PR A IR 5 R T 3 ARAML RS BER )
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Figure 10 Cluster analysis of volatile components in Cabernet Sauvignon wine fermented by different

Saccharomyces cerevisiae strains.
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