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Screening and application of wine yeasts at the eastern foot of
Helan Mountain in Ningxia Hui Autonomous Region
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Abstract: [Background] The eastern foot of Helan Mountain in Ningxia was once regarded as
the “golden zone” for wine grape growth and thus boasts high-quality wine. Wine produced in
this area got the tile of geographical indication product and therefore this area was included in
the protection catalogue for the product. [Objective] To screen excellent native yeast strains in
Ningxia, compare and analyze the influence of each Saccharomyces cerevisiae strain on the
aroma quality of Cabernet Sauvignon, and select strains with great influence on wine flavor
according to sensory evaluation. [Methods] The 26S rDNA sequencing was performed on the
11 selected strains which featured rapid fermentation at the early stage and strong tolerance to
high alcohol concentration, SO,, glucose, and low acid environment for identification. The
aroma compounds of Cabernet Sauvignon fermented by different strains were determined by
head space-solid phase microextraction (HS-SPME) and gas chromatography-mass
spectrometry (GC-MS). [Results] Eleven yeast strains which were tolerant to 15% alcohol, 500
g/L glucose, 350 mg/L SO,, and pH 3.0 were screened out, among which 10 (HS5, G9, G3, X8,
G14, L10, H3, X11, Z17, and Z24) were identified as S. cerevisiae and one (L1) was Pichia
fermentans. Esters were the main aroma compounds of Cabernet Sauvignon, followed by
alcohols. Among them, ethyl acetate, isoamyl acetate, ethyl hexanoate, ethyl octanoate, ethyl
decanoate, 1-octene-3-alcohol and B-damascone had high odor activity values and contributed
the most to the aroma of Cabernet Sauvignon, endowing the wine with pleasant apple aroma,
banana aroma, mushroom aroma, anise aroma, and sweetness. Cluster analysis of aroma
components of Cabernet Sauvignon samples fermented with different S. cerevisiae stains
revealed that the wine samples fermented with G14 and H3 were the closest to the wine
fermented with the commercial yeast XR and the three showed consistent influence on the
characteristic aromas of Cabernet Sauvignon. [Conclusion] S. cerevisiae G14 and H3 have huge
potential for brewing, particularly for wine fermentation, which can help improve the quality of
wine in Ningxia.

Keywords: excellent yeasts; Cabernet Sauvignon wine; aroma compounds
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A IS IRBE S AT 0 6 BT AR R P R B
B P R R SR L A T e 5 i BUbEvEAN, I
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I A W12 B4 A e BT RS e AR U )
FeE e RN RERS K e o¢ e SRR PER S FE bR A e
W, RN HAA LU AR A RIRE BOE
i 10-30 °C, pH feidyu[Fh 3.2-5.4, 7] LA
Z 12%-20% (RBS B0 BIERE . 20%—50% 14
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10%—17.5% (RFH0) AR P,
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HEF L,

1 MR5r%

1.1 #

ARSI G AR S ORE T T E A L IR
b DX 75 el - 08 R A A SR S R A A
M 28 AN A SRS L 21 A A i SR B
23 MHIE RS AR T 106 MRA
28378

YPD #5570 | WL B 500 | iR IG R i S
HICHRISIIC i s SAkEN . JOK O EE. HAbE,
Bk optistio e R Z8RCK i, MR gRas
SERAIRAF; EHE TS, SR EATERE
IESA RA R B SRS, BRSO AT R
ONFL e B, IR R A BRA A
LHMEET, LR
12 7k
121 BEENSS

TETCH 25 R 3 AIFRI 1.0, 10.0, 5.0 g R
BRI A | BT RIT A A ST | e R, S
F 90 mL TH/KMHIE T, RGHES, Hl&
BRI, N R R TR AR R, SO
107, 10°, 107 ARV, WREL 0.1 mL 34570k
F YPD FERREFEIE, F 28 °C B5 1-3d, WEL
A T& 0 ST A5 KIS, BREUELA TR o S A R AE
HIBAS 22 57 O A W BTl T, THOs s
RS AN A, X T B 4 TR TR TR VR R T4
4tk
1.2.2 EEBREMNNSEE
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B1 K535 5 d JE R MBI I gk el 5, H A
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1.2.3 BSEHIH

W BT AT 43 B8 Al 1k P T R R PR 2 o e kB
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KRR T, T 28 °C fHIREE IR,
ANSEIGAT 3 R B 12 h MBS — Uk A N 7
SO, O R B R PR 2 R
PRiAT 50
124 EEREMNETF

gk T R EC P o B TR AR 2RI AE. YPD AR K
FEHPIGAL, fE 28 °C [HIRBE AP E BB
2 d JEPRAFF T

1) MRPRE PR AR S5

W Fh T LA 2% E4HFF 5 mL YPD
WARREFRIE A, AN ATOK B, AR IRt
WA R TR BN 6% . 9% . 12% . 15% ., 18%,
[7i] B5F AR ol TR TP 82 B XR 1R Ry % B, SCI AT
3K, FELIRIEKS ) YPD 153 3E0E g 28 (A nt
M. 28 °C fH#FE G 48 h, FIHIESIMHL
FETHINRE ODsgooo

2) i SO, PERESEE

BRI 2% AP RE 4R T 5 mL YPD
WARREFRIE A, A AR EE N 6%A AR ,
PEEIE IR SO, WIHRWREE R 70, 140, 210,
280, 350 mg/L, [RIAF LRIV BRI EEEE XR 4N
XPHR, SERPAT 3 W, FELURINEAR R YPD
B g A R as IR . 28 °C fE R E B R
48 h, FIFHEIMIHAETTIE ODgooo

3) MR RESL TG

WP L 2% A F 5 mL YPD

WlRRE SR, FFFBERRIAT pH, TR
G pH{E M 2.0, 2.5, 3.0, 3.5, 4.0, [RIHFLL
P BRIE e R XR AR, SC0 P47 3 1k, I
DIARIESY pH () YPD 3555 HAF 25 FIXT IR .28 °C
fE IR IEFE 48 h, FIHEESM 3O E ODeoos

4) i B R S I

WAL 2% PP A0 F 5 mL YPD
ARG IR 5, P 250 A R R ) 0 A vk B
300, 350, 400, 450, 500 g/L, [A]AsF LR b R
WlERE XR VE AT, 52847 3 0, JRRARM
HIZGHERY YPD B AR 25 6 R 28 °C fH R
Fi3% 48 h, FIFHEESMEIEEETHIAE ODgoos
125 BEERENSTFENZFEE

XA BN R 4T 26S rDNA KL
D1/D2 X1 751 BT 44

1) W#EFE DNA BYFH

B BRI B R YPD WA 3R 515 1k
48 h, 12 000 r/min &.0> 1 min, &7 FiFHRJE N
600 L 11IFLEELE s A 50 U ¥ BE B2 g AR T e
Yrrp, IRGIEHAR G5 30 °C KA 30 min J5
F 4 000 r/min &.0> 10 min, PCERKIINE,
FHERE LR 41 DNA $ B S I 1 3 [ 2
DNA, #2HU5E 5% R T TE Z2 il H—20 °C £
e

2) MEEE 26S rDNA () PCR #1401 12 4 o

E5#)°h NL1: 5-GCATATCAATAAGCG
GAGGAAAAG-3'; 2 In 514 NL4: 5'-GGTCC
GTTTCAAGACGG-3', PCR 3 AZ (25 uL): i
IR 12.5 uL, 1E. K514(10 pmol/L)# 1 uL,
Fitle DNA 1 uL, fIIZE/KE 25 L. PCR JZ )]
254k 94 °C 4 min; 94 °C 45s, 55°C45s, 72 °C
1 min, 30 &XfE¥; 72 °C 10 min, PCR § 45
PR T A TR () A7 B w1, )y
45 R FHl NCBI o BLAST #4741 He X,
i/l MEGA 7.0 B e LT R K E
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FEM BT AL TR 5 GC-MS 3 #r 41 5 1
Jiang ZUN L, EME . SRS EIDEREN
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1.2.9 FREXRFEHEREIEN

NIRRT RS G, B 10 L HA
B T 2 5 ) BT R 2 A T A (] TR R TR
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1.2.10 #HiE4iE

A F Microsoft Excel 2019 Fl1 SPSS Statistics
26.0 X} r S £ s AT A Lb 3, A MEGA 7.0
TR B P ST M T HE, MR R R B
FI ] SPSS Statistics 26.0 B4 HE4T 22 5 8 F 4y
Br; FIH Origin 2021 B4 #2510 ¥ & 1R
FTiEAT RIS HT -

2 BRS04

21 BEEEHTESER

ML INAREAR )N 325 KT e |
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bel 3 LA B e RE R 106 Bk, X EE TSR
T, AR 1 BB AL E X TIES
SR I B AUBR BRAGE , 22500k Hh ZF B W Bk TR
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Table 1  Strain separation results

R Hb A AR IR Bt T
Location Strains source Number No.
N IR, Rk, EHEZW. k. . TE 19 G1-G27
Yinchuan Cabernet Sauvignon, Merlot, Chardonnay, Serpentine, leaves, soil

B RERER. WElek. mh . L 24 H1-H24
Helan Cabernet Sauvignon, Serpentine, leaves, soil

KT REEER. IR mekEk. M. bR 17 X1-X17
Yongning Cabernet Sauvignon, Merlot, Serpentine, leaves, soil

T il Ik FR . AREER. WHL. M. 5 21 L1-L21
Qingtongxia Merlot, Syrah, Cabernet Sauvignon, leaves, soil

ARSI L@t GhENER. k. TOhL. AREEER. MA. LIE 27 Z1-719
Hongsibu Marselan, Cabernet Franc, Syrah, Merlot, Cabernet Sauvignon, leaves, soil

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



558 Tl A 2 AR Microbiol. China

1 ESEAE YPD EFE FWEZEFMEA)RERMIE THEES®, 40%)

Figure 1 Colony characteristics of yeasts on YPD medium (A) and morphology under microscope (B, 40x).

22 BEEMVISEEER W NIRRT B B (22 2).
ST TR EAS R 106 WRBEREEAE WL SR 2.3 EERFEIMVIGE RO
IR AR B TR H DT 0I5 0 S5E TR TR 2 3 A, WiRAREE] 12 h B, HAG 58k

1E WL BiJ 2k F Ry SO I P @i ek 3% B OFRETEIA RO/, BEWTIX 5 PR e i i
wE, FRRESNEIERE, A&, Uhmik  ERR, KRR BEHE IR R A, A
(H 2), TERVARRSEFRHE b, A 87 RIBEBEANRE 24 RRIATERIE 24 h 5 AL I/NVE BLAE UK, Bt
AR, BRE BRI IERE, 19 BRIFRFR AT ARG, WSO R AR RO AR, I 8o . A

2 HOEMKEWLEFELNEEIFME A, B, D, E. F: BUEERS. C. JEERTHHE
Figure 2 Colony characteristics of some strains on WL medium. A, B, D, E, F: Saccharomyces cerevisiae.
C: Non-Saccharomyces cerevisiae.
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*2 BUERAMERESFELHEKER

Table 2 Growth of yeasts on lysine medium

WA RSO WSS

Strains growth Strains No.

W

Number

FEK G14, H3, H9, 729, G3, G5, G6, G9, G15, H1, HS, H12, L6, L10, L13, L14, L17, L21, Z8, Z17, 87
No growth 724, X8, X11, X12, X14, G2, G8, G11, G13, G18, H2, H7, H8, H13, H14, H16, Z3, Z4, 76,
Z11, 714, 716, Z18, 7221, 722, 1.2, L7, L9, L15, L18, L19, L20, X1, X4, X6, X16, Z19, G1,
G4, G10, G12, G19, H4, H6, H11, H17, H19, H20, H24, X2, X7, X10, X15, X17, L3, L4, L5,
L12,721,72,75,2727,710,712, 713, 7220, Z25
K Gle6, G17, H18, H21, L8, Z15, X9, H15, H23, H22, X3, X13, G7, H10, H12, L11, L16, L1, X5 19
Growth

*3 BYRABHOLERER

Table 3 Determination of fermentation ability of yeast strains

AR T 1] BRI RS~

Gas filling time (h) Number of strains Strains No.

0-12 5 G14, H3, H9, L8, Z9

1224 24 G3, G5, Go6, GY, G15, H1, HS, H12, L1, L6, L10, L11, L13, L14, L17, L21,
78,717, 7224, X3, X8, X11, X12, X14

24-36 43 G2, G7, G8, Gl11, G13, G16, G17, G18, H2, H7, HS, H10, H12, H13, H14,
Hl16, H18, H21, H22, H23, Z3, Z4, Z6, Z11, Z14, Z15, Z16, Z18, 721,
722,12,17,19,L15,L16, L18, L19, L20, X1, X4, X5, X9, X13

36—48 4 X6, X16, H15, Z19

48-60 30 Gl1, G4, G10, G12, G19, H4, H6, H11, H17, H19, H20, H24, X2, X7, X10,

X15, X17,13, L4, LS, L12, Z1, 72, Z5, Z7, Z10, Z12, Z13, 720, Z25

B2 36 h B, A7 43 BRI A AL [/ NVE BRI S
A, ULRHEATIE gt . Kig% 48 h ik, £ 4tk
BRI T 7= A I SR FE AL G /NS, 150 B I S P
AETE 48 h NIEUERE. WHE AT, AETE48 h
A I e T ) T ok JEC T e 10 e 2 P 1R I Bk
BRI AAREMEN, RIBL, TRiE A 48 h WHLRE T
SRR 76 BRI —2P 5050,
24 BERNEFRERSHN

1) MRPRE PR AR S5

%% 4 Al %0, Hkk Gl6. G17. HI8, H21,
L8. Z15{XTE 6% kG B T i A4, DB H:
B KPAG TR 2 W E N 6%, 11 BREEEE AE 1L 94
WRE R 6%—15% Mg rh A K, (BN RETE A
WEE N 18% IR AR K, SRR XR —
, FHERS T Z RN 15%. 26 HREEE
W RETETRG e 3 Ty 18% Ay 1 S b M A

DT R Mb B RE XRo A8 S50 0 16 HY REAE TR e 3
J 5% RS AE K IR, 3837 kR, X
PR BT AP mHPORS TR RE , YIkds 39 RRIPHS
M 52 VAR T 15% M RE TR, LIRS Pk B 4K
55, ANBEIE I A 4 P PR

2) i SO, PERESL 5

HHEE 5 Al A 6 BRINTE SO, il 210 mg/L
PRI AU R AE K B Ak B R KT 32
FRRE 210 mg/L, A 15 BkE A ILE SO, &l
280 mg/L ¥EFREP IR, 78 SO WA N
350 mg/L MG FEAEEh /AR . WPk L18. G8.
L6, Z9. H8 AJLITE SO, ¥ E K 280 mg/L [IH;
FRIEPORARK, A 14 BRET ZPERER Y, W]
DLTE SO, M FEE Jy 350 mg/L (3% 553 h KA K
B X BT R XR i 22 AR R . RGO X 14 Bk
AT — 2P R PR AR S5
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x4 BYRERTTERBMEREISRER

Table 4 Determination of alcohol tolerance of yeast strains

L = TRE BRI U
Strains No. Alcohol concentration of medium (%)

6 9 12 15 18
Gle6, G17, H18, H21, LS8, Z15 * - - - -
X9, H15, H23 + * * * _
H22, X3, X13, G7 n % _ _ _
H10, H12,L11,L14,L16 + * * _ _
H9, L15, X5, X6, X12, Z8 + — - - _
G15, G18, Z16, 7223, L17 T+ * * _ _
H2, H7, H13, H14, L9, L20, X16, Z4, Z6 ++ * * * *
G3, H3, H5, L10 4+ -+ + + *
H1, H16, X11, Z21, Z24 . + n % *
G5, G6, G11, G13, L2, Z3,L13, Z11, Z18, 4+ + * - -
Z17,L1,L17,119, L21, G2, G9, G14 - + + x %
Z14,722,H8,L18, G8, L6 et * * * _
Z19, X4, X1, X14, . _ _ _ _
79, X8, XR - ++ + * _

—: AR, ODg=<0.1; *: fm/EK, 0.1<0Ds<0.3; +: 4K, 0.3<0Dg<0.5; ++: BIREK, 0.5<0Dg<1.0;
. REAK, ODg>1.0. T[H

—: No growth, ODgy,<0.1; *: Trace growth, 0.1<0Dg(y<0.3; +: Growth, 0.3<0Dg(,<0.5; ++: Significant growth, 0.5<0Dgy,<1.0;
+++: Substantial growth, ODgy>1.0. The same below.

x5 BEEKN SO, MRESLIEER

Table 5 Determination of SO, tolerance of yeast strains

ARG > Fige ik SO, ot
Strains No. SO, content of medium (mg/L)

70 140 210 280 350
H2, H13, H14, L20, Z4, Z6 4+ B _
X9, H15, X16, H23, L9, G3, H7 4+ 4t + *
L7,L19, L21, G2, Z14, 722 A+ *
L18, G8 ++ 4+ + * _
L6, Z9, H8 A % -
G3, G9, G14, H3, H5, L10, H1, H16, X8, X11, Z21, Z24, Z17, L1, XR IVIVENSIIE U IVEE IV

3) T AR e S B G9. Z17. X8, H3. L1, Gl14 HEEMEAK,

H3 6 I, X4 pH Yol 7E 3.0-4.0 B, HS.  5XJMEE#R XR MERPEREAHR; 1 224, X1 0
L10 5% 11 #RIERFRMRIRE R A BEEERK RRETE pH 2.0 PR A K Widk H1. H16.
FREE pH {EAYFEK, H5. L10. G3. G9. Z17. Z21 7 pH 3.0 B Rt A, 24 pH (E/NE]
X8, 724, X1, H3. L1, Gl14 WA K¥Z3 7T 2.0 BEKESAFEE K, UOIH HiH B A4,
il 24 pH {EIRF] 2.0 B, WkE HS, L10, G3. ¥R FRDLEEE XR. HAWE & B LT,
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x6 BEEIKIK pH MZMHER
Table 6 Determination of low pH tolerance of
yeast strains

RS pH

Strains No. 20 25 30 35 40
H1, H16, Z21 - P
H5,L10 L R s
G3,G9, 217, X8 * 4 44+ A
724, X11 s = = = e
H3, L1, G14, XR * 4+ 4+

pH (HH A HIAE 3.3-3.5 Z 18], K Ay bk 1 Ho g
R T PR P RS , A 3K T 3 91 T PN 2% TR P A A
ghz 2N, (R R s T I A, AR S
B 56 H A 11 AR AT LAZE pH 3.0 RS IEF AR K
MY RAR TR AT N — 25200

4) T PR R S g

T v A S 3, 0 T R A A 2 AR VAR
4314 300, 350, 400, 450, 500 g/L iX 5 M
FERREFRAMT, H ODgo Y RTF 1.0, AKHIE
B, UL SE BRI o AE D B, 5 DL R
XR AH—35 o — MR PRI 8 25 1 S R TR 22%-30%
Z ), R R A S B AR AL, 7E 10%-15%
ZIA], VKA S Ik 33%—44%", FrLAASE
B iy 11 BREER BRI G m i SZ P RE R 2K
25 BMEURNEEERSHN

W Z A2 11 BRI 26S tDNA LR ¥
G EEHAE NCBI Mo -7 SR E X, e
AT 10 BRFEEEE HS5. G9. G3. X8. Gl4,
L10, H3, X11. Z17. Z24 ) 26S rDNA F:[H f
B SR AR R e, R E 99%; TR
PR L1 5 R B AR RV E S, 538 99%
A MEGA 7.0 W RGE L EW, WK 3 fs, &
L E 10 PRBEREE AR HS . G9. G3. X8. Gl4.
L10, H3. X11. Z17. Z24 ¥ Ky g &+
(Saccharomyces cerevisiae), 1 REEREE L1 Nk
% B IR BE (Pichia fermentans).

2.6 BEEBEBIBRSHT

F 2 7 ATAL, AS A AS - R R K I R B R
T ) AR B AR AR b, TR Y
12.45%~14.41% (KBS0 2 ), HAEEk X11
JIT TR %) 4 2 T T A B N R TR ML ERE XR, H3
5 XR EREWZES . 11 BRI B REER S 103
AR S RICT 4 g/L, FFE#A PRI
MRS BAE 5.49-6.47 g/L JLH N, G9.H5.L10,
X8, Z17. 724 Syl Ee i & 22 5 . AR
1£ 0.25-0.57 g/LJE RN, & AR AR 2 HS .
L10. X8. Z17. pH{ETE 3.20-3.47 L[N, H3
SR EERE XR IG5 Bk, ik
R A - ERE Y 2 R AR, AT T AR B R
I KT
27 BEBEAMROERSH

DAREEER A kL, SR FHALHG BT ML R XR 7R
1T AR o B AT 7 4 T R ST, R AR
A5 PR Y01 FH T3 25 (TR A B 5 SR il - o
TEEIDE PRI o L e e I i SR AR S
55 MERVEAL G Y, HhBREY T 18 A B
FWJ5E 16 B, RIS S B, FREERYIT 4 R
HA R A 12 Flr,

1) BeEPm

AR S 35 v A [+ PR TG B TR R A T 1Y) O R R
BRI ST 'A% (& 8), #
8 994.67-24 452.37 pg/L 2 [a], HA W
TEEEE Gl4, HUCHRDILEERE XR. H3
S TR AR, ZRROEE . 2R
SR IECROER . FIRCHER . IR R . H
BERR £, i S5 iR 28 40 ot i T L2l R o, 45T
AR NS, i, ZROBRE S R
EHEEEY R, ERE G14 FTRRTE B0 A X
Kt , m T RDLEEE XR, T4
W KRER . HOEFIROER, Wtk X8,
G9. Z24. H3. G14 Pl 45w iz i & &35
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T RO BERE XR, T 70 26 T B S A . AR
RAEWRFIERR . A #a0 A h SR R
CMRSFINTR . IECROER . 2FIROHE . SR LT
1) OAV HIKTF 1.0, SR EE P IE . KA

EE TR 5 o A5 IR R 2R Z R FA R
LRI OAV IR T 0.1, 2 A4 0 V8 75 13
PoJs, FERE AR B PRI A A, T A
I A AL R AR A A

Saccharomyces cerevisiae KDLYH3-3 (KJ506733.1)
Saccharomyces cerevisiae YNCA9006 (KX237671.1)
Saccharomyces cerevisiae G3 (OP281178.1)
Saccharomyces cerevisiae GITA14 (MH029910.1)
Saccharomyces cerevisiae H3 (OP281175.1)
Saccharomyces cerevisiae WHY-2 (MG641147.1)
Saccharomyces cerevisiae H5 (OP281174.1)
Saccharomyces cerevisiae GITA11 (MH029909.1)
Saccharomyces cerevisiae X8 (OP281171.1)
Saccharomyces cerevisiae 23w66 (HQ149319.1)

Saccharomyces cerevisiae OTG002 (MN305756.1)
Saccharomyces cerevisiae A36 (KM589474.1)
100 | Saccharomyces cerevisiae UMCC2984 (MZ170795.1)

Saccharomyces cerevisiae 724 (OP281168.1)
Saccharomyces cerevisiae A36 (KM589466.1)
Saccharomyces cerevisiae 7J-12 (KY283160.1)
Saccharomyces cerevisiae G14 (OP281176.1)
Saccharomyces cerevisiae KDLYH3-3 (KJ506733.1)
Saccharomyces cerevisiae 2-8-11 (MW969721.1)
Saccharomyces cerevisiae G9 (OP281177.1)
Saccharomyces cerevisiae 2-7-9 (MW969719.1)
Saccharomyces cerevisiae CEC Y431 (JN083825.1)
Saccharomyces cerevisiae NS-G-48 (KT923016.1)
Saccharomyces cerevisiae .10 (OP281172.1)
Saccharomyces cerevisiae NS-G-55 (KT923023.1)
Saccharomyces cerevisiae X11 (OP281170.1)
Saccharomyces cerevisiae 27 (EU285510.1)

71| Pichia fermentans S3L7 (MW587746.1)
Pichia fermentans MAU3Y052 (FJ770525.1)

Dl o . AL (TNAEQOASL 1N
| [/icnia jermenians A (INVIo6Y450.1)

—_—
0.020

3 EESEHET 26S rDNA FHIMENRGELEN

Pichia fermentans NQ-1 (GU565196.1)
Pichia fermentans L1 (OP281173.1)

O AL BE SR 24k 1 000 Y55 Y

bootstrap ¥ {H; 55 HF 5 EK /R HF Pk GenBank & 5t5; 0.020 fp R Ry 1514 22 57 )i

Figure 3 Phylogenetic tree constructed by yeast strain 26S rDNA sequence. The value at the branch
represents the bootstrap value or the evolutionary tree constructed by the adjacency method after 1 000
calculations; The serial number in parentheses indicates the GenBank accession number of the strain; 0.020

indicates genetic variation.
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Table 7 Physicochemical parameters of Cabernet Sauvignon wines with different yeasts
[t iaes G S BRI A BRI R BR (LR pH
Strain No. Alcoholic Total sugar Total acid Volatile acid

strength (%) (g/L) (as tartaric acid) (g/L) (as acetic acid) (g/L)
G3 12.55+0.23g 1.86+0.23f 5.494+0.19¢ 0.46+0.04bc 3.36+0.01c
G9 13.82+0.12d 2.43+0.05b 6.47+0.13a 0.39+0.08cd 3.39+0.02bc
Gl14 12.45+0.32ef 2.66+0.14a 5.63+0.09de 0.54+0.02ab 3.37+£0.03bc
H3 14.30+0.11bc 2.05+0.06de 5.67+0.29de 0.39+0.06¢cd 3.42+0.01ab
H5 13.03+0.15f 2.75+0.04a 6.18+0.07ab 0.32+0.02de 3.20+0.01d
L10 13.52+0.17¢e 2.02+0.08ef 6.24+0.15ab 0.33+0.04de 3.37+0.01bc
X8 13.284+0.39f 2.75+0.17a 5.8240.09¢cd 0.35+0.01de 3.384+0.05bc
X11 14.41+0.28a 2.33+0.19bc 6.02+0.07bc 0.57+0.04a 3.35+0.02¢
Z17 14.09+0.39¢ 2.01£0.28ef 6.19+0.24ab 0.25+0.02¢ 3.37+0.03bc
724 13.77+0.42d 2.44+0.28b 6.17+0.13ab 0.48+0.02abc 3.39+0.03bc
XR 13.46+0.33b 2.21+0.27cd 6.42+0.14a 0.51+0.04ab 3.47+0.04a

(RIS IR/ING B R R R 2 5 18 (P<0.05)

Different lowercase letters in the same column indicate significant difference (P<0.05).

2) WY

11 BRI BB 2 T 1 i 5 2R 4 T i
FE & A T 25 R (R 9), i bk X11.G14.
GY HYIFEREE E& T RL R XR, 9HE
HS5. L10, Z17 B2 & ARk, By i
RS SR i e e W FE R MR, I A 4 S 5
PP A TR, (HIR SR (%R, S 30 mg/L, it
BAFF] OAV {H<1.0, [R5 18 /Y 75 < ot ik
AW, EEHENEFEY R, A EEES
(2R,3R)-(-)-2,3- T P X A A8 1S A AR DUk A K
FIEESS, TERE G114, X11 HiZ8 e T il A
XR, T4 A5 0 S R AR . 10 -3-
Pt ELAT B P 4 A IR, TR h 22 5 1)
B, TEWFE H3. Gl4 i, Tl
i XR, H OAV {EH>1.0, X #%57H &< siiki R
o HA BOAL PR AR IR 1 K 2 A 45 A A
2SI, AE 2 363.42-6 952.32 pg/L Zfh], H:
R ERERE X1, G4, (HFHEE RS
=, OAV fH<1.0, X% iy &< oTikA ] 2 .
RESW I o B R A S T A 3-H ik Iy
s, BRI R T A B A A

3) BRI o R T 2 )

ARSI T A AT AR A B S5 AR
P 10)F1 4 R (3R 11), 2512 L
MR . AEMIER . ERR. 2-HEC R . IFCRMZ
B, OB . 3L TE. 2-9F@H . PEETERR XR
APHAD 10 ANEFE PSRRI R, P )
WIHE H3 A G14, 7153 OAV {H>1.0, X #4571
oUW TR AR . AR,
FRTETGRE Z24 FRRIGINE], ZFETE G3 HrAK
), 2-FEAES NP SR, EIR
THIFEPEE . AEFRARE], FHIHE oAV
HF>0.1, Pl oA 2

4) HAthy

FEBG IR RN IR R (3 12) bikEds
(£ 13). WERZSAHAFSYRGER 14, T
R R IR B- KL, HARERE H3
TR, TEHFE G4 5 XR P ERIA—E.
DR R (A, OAV {H>1.0, XF %5 &
SOTHREIR R, TR | IR iR
R P B IR SRR . AL N | 57
R AP, HESEAS MR ERAR,
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Table 10 Comparison of volatile component acids in Cabernet Sauvignon wines fermented by different
Saccharomyces cerevisiae strains

LIS JFU i E Mass concentration (pug/L)

Compound name G3 G9 Gl4 H3 HS5 L10 X8 X11 717 724 XR
2% 181.49+ 243.32+ 179.94+ 320.38+ 173.18+ 216.17+ 214.83+ 161.38+ 226.26+ 229.60+ 256.84+
Acetic acid 5629 22.02 4584 8655 1278 26.70 1622 2137 1837 1193  14.39
FrEH R 201+ 240+ 4.09+ 291+ 292+ 285t 3,19+ 282+ 1.82+ 269+ 4.61=
Palmitoleic acid 0.56 043 0.53 1.54 053 022 057 006 048 076 093
FR 4023+ 3429+ 35.82+ 52.87+ 5920+ 24.49+ 30.87+ 3520+ 2690+ - 8.55+
Bitter 556 235 454 11.55 523 5.98 12.52 948 9.12 2.56
2-HEEC R 4226+ 5497+ 36.79+ 71.05+ 32.55+ 39.65+ 5331+ 47.85+ 5347+ 5691+ 47.98+
2-methylhexanoic acid ~ 2.88 517 5.64 1483 4381 564 796 047 11.16 523 9.56
IEC R 3420+ 20.71+ 36.82+ 2881+ 1640+ 21.97+ 27.17+ 23.17+ 25.76+ 27.12+ 19.52+
N-hexanoic acid 1.87 215 278 936 206 647 10.10  2.40 1.08 3.28 1.76
411 Total (pg/L) 300.19 355.69 293.46 476.02 284.25 305.13 329.37 27042 33421 31632 337.50

—: Not detected in the sample.

x 11 TREIRBBESERLZBREREEEEL MRS XY AR
Table 11 Comparison of ketones and aldehydes as volatile components in Cabernet Sauvignon wines

fermented by different Saccharomyces cerevisiae strains

YR JE M & Mass concentration (ug/L)

Compound name G3 G9 Gl4 H3 HS5 L10 X8 X11 Z17 724 XR
M - 16.80+ 19.84+ 15.63+ 17.49+ 23.89+ 33.26+ 28.96+ 37.53+ 19.80+ 25.28+
Acetaldehyde 047 248 241 217 752  9.61 241 111 096  0.60
B 6.77+ 5.66+ 7.10+ 10.15+ 5.63+ 5.05+ 6.7l 8.63+ 443+ 635+ -
Heptanal 1.08 023 114 449 120 087 038 1.8 0.3 0.12

3-FRIL TR 3170+ 27.38+ 45.12+ 36.14+ 27.74+ 25.83+ 29.96+ 15.09+ 30.95+ 39.52+ 4.49+
3-hydroxybutyraldehyde 464 330 643 960 439 148 424 106 198 172 0.17
22l 18.67+ 15.52+ 19.03+ 30.00+ 30.71+ 21.58+ 16.61+ 15.13+ 16.13+ 1527+ 13.22+
2-octanone 505 1.04 448 1490 7.02 541 204 032 280 067 0.35
&1t Total (ug/L) 57.14 6536 91.09 9192 8157 7635 86.54 67.81 89.04 80.94 42.99

—: Not detected in the sample.
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* 12 TREEERESEKRABRRRAEEE LMK EG LR R ZH X R R
Table 12 Comparison of terpenoids and isoprenoids as volatile components of Cabernet Sauvignon wines
fermented by different Saccharomyces cerevisiae strains

LIS Jii i JF Mass concentration (ug/L)

Compound name G3 G9 Gl4 H3 H5 L10 X8 X11 Z17 724 XR
SRR 133+ 278+  6.89+ 539+  3.68+ 139+ 222+ 290+ - 1.66+ 1.92+
Isophorone 0.17  0.40 1.02 2.93 053 027 094 092 0.03  0.06
B-F Hh -1 331 1.69+  4.07+  6.19+ 279+ 325+ 339+ 3.01x 221+ 3.12+ 4.12+
B-damascone 020  0.58 1.14 3.29 095 095 146 142 030 059  0.96
L DN 5.66+ 7.21+ - 733+ 7.97+ 371 - 591+  6.10+ 5.81+ 8.76%
Geranyl acetone 0.32 0.48 2.44 1.52 1.04 1.53 1.54 0.04 1.02
I R 750+ 10.11x 2191+ 927+  4.82+ 895+ 732+ 2574+ 771+ 6.71+ 9.82+
Linalool 0.15  0.82 2.15 1.60 1.63 123 177 894 155 145 195
T 5.84+ - 837+ 1229+ 7.59+ - 6.10+ 6.85+  7.49+ - 8.07+
Citronellol 0.46 1.03 4.03 1.56 0.96  0.97 2.97 0.12
41t Total (pg/L) 23.64 2179 4124 4047 2685 1730 19.03 4451 2351 17.30 32.69

—: Not detected in the sample.

x 13 TEEREBSERABFREREEEZEL MRS RELIREER
Table 13 Comparison of alkanes as volatile components in Cabernet Sauvignon wines fermented by
different Saccharomyces cerevisiae strains

LIS Jiii i ¥ Mass concentration (ug/L)

Compound name G3 G9 Gl4 H3 H5 L10 X8 X1l Zz17 724 XR

T+ - 18.09+ 12.09+ 20.68+ 9.01+ 20.05+ 21.10+ 3.28+ 1936+ 20.44+ 2.50+
N-dodecane 0.84 1.10 7.93 125  0.42 2.32 1.10  1.52 0.54 0.06

1E POk 2,66+ 13.06+ 9.73+  19.59+ 233+ 16.14+ 13.65+ 4.92+ 1599+ 1520+ 11.61+
N-tetradecane 046  2.05 1.83 4.19 0.72  1.92 1.34 042 179 1.59 0.96

41t Total (pg/L) 2,66 31.15 21.82 4027 1134 36.19 3475 820 3535 3564 14.11

—: Not detected in the sample.

R 14 TREERERSENKABRRREEEE LMK S ABL AT H b X4 LR
Table 14 Comparison of volatile components of Cabernet Sauvignon wines fermented by different
Saccharomyces cerevisiae strains lactones and other substances

LYl i JEi R Mass concentration (ug/L)

Compound name G3 G9 Gl4 H3 H5 L10 X8 X11  Z17 724  XR
v-T N 3931+ 3991+ 6635+ 29.43+ 9.29+ 38.02+ 31.71+ 39.81= 30.10+ 41.85+ 5538+
y-butyrolactone 347 153 607 757 122 448 379 389 293 730  10.41
HA Others

R AL Ik 286+ 3.87+ 3.13+ - 541+ 312+ 192+ 247+ 219+ 290+ -
Nerolidol 038 030 044 203 052 1.07 054 092  0.04

K 191+ 230& - 429+ 254+ 317+ - 1.57 298+ 2.16x -
Styrene 0.46  0.46 202 098  0.98 096 1.03  0.01

H AR B 18.30+ 30.71% 32.88+ 31.21+ 2029+ 24.01+ 3545+ 23.94+ 29.69+ 34.13+ 26.01+
Methoxyphenoxime 257 181 542 1186 405 151 317 169 411 091 953
2,4- T H W 1222+ 16.49+ 13.38+ 9.88+ 11.65+ 922+ 193+ 1443+ 10.71+ 19.57+ 31.01%
2,4-di-tert-butylphenol 059 026 226 222 199 1.17 821 295 046 042 823
41t Total (pg/L) 3529 283 4939 4538 39.89 39.52 56.67 4241 4557 5876 57.02

—: Not detected in the sample.
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Figure 4 Cluster analysis of volatile components in Cabernet Sauvignon wine fermented by different
Saccharomyces cerevisiae strains.
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Figure 5 Radar chart of sensory analysis of wine fermented by different Saccharomyces cerevisiae.
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