TR A SR IR Jan. 20, 2023, 50(1): 262-272
Microbiology China DOI: 10.13344/j.microbiol.china.220369
http://journals.im.ac.cn/wswxtbcn Copyright ©2023 Microbiology China All Rights Reserved

RFLFEFRE-EREENFERERE LB
AEEESMRST IR

Ra', WFEY, FEHC FHC

1 PG R iRl 5 TR, IL7E %P 030801
2 BB A RLE R, IV B3R 044000

SeLr, UMY, 4sl, 2B, b A I A o A A T I A O o B TR TR R TR X 2 T A BT RS [D]. SR A AR,
2023, 50(1): 262-272.

CHAI Hong, SHI Shouguo, LI Shanju, LI Xin. Mixed fermentation with an aroma-producing yeast strain screened from the wild
grape on Zhongtiao Mountain affects aromatic components of the wine[J]. Microbiology China, 2023, 50(1): 262-272.

B ZE: [%F) PAHETRTHABRFNEA, B, 55 kit R > F8ExiRiE LA
WHENk I R HBERAETEZEL. (B AT L LA F EFihk > 588, BTFBELELF
A RAMFEAR, FREERTHHBABRIE, ARAidRaBesdans@a. [Fx]l XA
R FHENTZLER AT BB ABFR, SAAFsTANFEL. RALFEA R
FAEAN FASE, SEOBEE P15 47 REG KB, KA AR &35 T 5 8% (gas chromatograph-mass
spectrometer, GC-MS)* &AM A #AT AT, RAFEZHMNEF AT L E. [HR] £5 5K
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Mixed fermentation with an aroma-producing yeast strain
screened from the wild grape on Zhongtiao Mountain affects
aromatic components of the wine

CHAI Hong"', SHI Shouguo™, LI Shanju?, LI Xin"2

1 College of Food Science and Engineering, Shanxi Agricultural University, Jinzhong 030801, Shanxi, China
2 Life Sciences Department, Yuncheng College, Yuncheng 044000, Shanxi, China

Abstract: [Background] Aroma-producing yeast can endow wine with unique aroma. Therefore,
the isolation and screening of excellent aroma-producing yeast strains is of great significance
for brewing the wine with regional characteristic flavor. [Objective] Aroma-producing yeast
strains were screened from the wild grape growing on Zhongtiao Mountain, identified, and
characterized for the physiological and biochemical properties. Further, we applied the strain
with the strongest aroma to wine fermentation and studied its effect on aromatic components of
the wine. [Methods] The aroma-producing yeast strains were isolated with plate-streaking
method and then identified based on the molecular evidence. The strain with the strongest aroma
was used for mixed fermentation with Saccharomyces cerevisiae F15. The aroma components of
the wine were analyzed by gas chromatograph-mass spectrometer (GC-MS). The content of
aroma components was determined with semi-quantitative method. [Results] A total of 13 strains
was isolated. The D1/D2 region sequence of the 26S rRNA gene indicated that these strains
belonged to five genera of Issatchenkia, Torulaspora, Pichia, Saccharomyces, and Rhodotorula.
The strain Issatchenkia orientalis XS-6 with the strongest aroma was selected for further study.
It could tolerate the highest ethanol concentration of 8% and NaCl concentration of 6% and
showcased the most vigorous growth at 38 C. A total of 31 aroma components were detected in
wine fermented with /. orientalis XS-6 and S. cerevisiae F15. The total content of aroma
substances in the wine produced by mixed fermentation increased by 19.8% compared with that
by single strain fermentation. The total content of aroma compounds increased by 19.8%, and the
content of 11 aroma components, especially phenylethanol with rose aroma, increased
significantly. The content of alcohols and esters increased by 19.6%, and seven new esters such as
ethyl vanillate and dibutyl phthalate were detected. [Conclusion] The aroma-producing yeast
stain XS-6 has good tolerance to ethanol, NaCl, and temperature. Mixed fermentation of XS-6
with S. cerevisiae F15 significantly affects the aromatic components of Syrah wine, which
suggests that XS-6 may have a potential application value in improving wine flavor.

Keywords: wild grape on Zhongtiao Mountain; aroma-producing yeast; mixed fermentation;
Issatchenkia orientalis; aroma components
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DU RS A S HA A G, W
IR A T R IR AE R A R G s UIAR M,
G L P T g R PR o A P Y SRR
XA 1R AR R B, B
WEERIEEES, KK EWEEEZHERA
MR (O BT BE T, R AL A Al A R T A
AR PR R P A I B o AT K e A 2 A
A= A BV Y, Sl T A AR A2 e 11
R =, o 2 e B ) AT i 2 T v XU )
JEOR i E A PR R A A T RS AR TR
T AT R, A T SGE AT G
Jit, TR, G AR AT AN AL R A4 7 7 T R T
HAT M IR ) A T R B S

ZAEA , NATTAE A 2 0 A ORI il SR 5507
T T8 5 AR DGO 9T o 5 5 WA PG 225 A 1
5 i BRI NS K B P O B ARAT T — BRI
Wbk, S B A 4 T R e A vh i) (25 4
THE i 1A o E 555 i o VR IS [a] L 91
FSR 1P 5 PRI PR B A 9 T A I8, i BT 2 T
WAL 5 R AT B W) AR . XS 0T 5
05 2L I B 5 TR T P BT TR R IR A 2 T, AP R Kk
BUAAS A 2 4 € P (L B AE (5 B A P ig o
R SR A R AL WAL R AT B AR T T

Mo AR 1L P R R AR L, SRR AL
BUPREMAS, A RE RS AR, 2R
7 T B B E R IR AR A\ Y
Jr 20 3 B A P AR A A I B T b,
o FLEM=A 2 5E , FRRE O 1 i - e b S
IR P B TR A A TR PG P A A0, T X A
WA S ISR, LA O Pt 2 el XU
PR €0 1 20 S B A BV A A0 R T PR B DL

1A

1.1 [ERIFAEF
JEORFE A 1P 4 38 3 T 2 B 2k 1 Y T

A, LA S Sl i e B 04 <P TR I R 2 o
P Fh SR T B GEFH BR T P BF (Saccharomyces
cerevisiae) F15,
1.2 IBFRE. FERTFMNE

YPD AR SR M (g/L): F R 20.0, %
B 200, BERHIZE 100, AR IR BN B
20.0 g/L, 1x10° Pa K 30 min J5 £ . Jo/K AR
BRAN . MEETERAN . Ak 2-FRE, Jbat
FRERHARA W] BERERE DNA $2BGAH
&, TN Ay TRARAR . ERRERAE,
AR RS A A RA ] MO, IR
WAL LB =R T R A BR A ] = B2 VR KR
By, BHEHZEITEM); PCR 9734, B
HHBHE A RA R HUKASCRIEERS AR BT,
A HS—LE PR A BR A | 5 AR 3 B e H
ORI = O AR AN, AR B PR A v .
1.3 A&
1.3.1 FEEBEMS EIFIE

B 1 mL PSR B A T AT 50 mL
1) YPD WA IR A, 728 'C . 150 r/min &
ERIEFR 48 ho R R BEIR AT AR IR A TR 43 5
XTAAARAF I TR A TP B i e, TR
AR B BB e R = s R i
132 FEHEESEMEELETE

K mERE DNA - B HUGRGR £0F 44k 127 vk ik
17 DNA $2H0, LABERE DNA R, X bk 26S
rRNA B[ D1/D2 X Bttt it PCR ¥ 15, 73
K 514 NL1 (5'-GCATATCAATAAGCGG
AGGAAAAG-3)#l NL4 (5'-GGTCCGTGTTTC
AAGACGG-3"), PCR W& (20.0 uL): FHEH
2 DNA 1.0 pL, I M5 190(10 pmol/L)4% 1.0 pL,
ExTag Polymerase 0.1 puL, 10xExTaq Buffer 2.0 uL,
dNTPs Mixtures 1.6 pL, ddH,O 13.3 uL, PCR
g 95 °C 5 min; 94 'C 1 min, 53 C
1 min, 72 C 1 min, 36 PME#¥; 72 C 10 min,
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PCR ¥ /=Wy s yk kil f5 , ikt =ik
TR FR S w7 3L I o )7 45 2R 7E NCBI
i B rh i T BLAST [R U8 % Fu Xt , R A MEGA
1 BT RGE R E o, W AR 1
133 FEEBEEKWZEIH

(1) WFFERIBRXT 2 B T 32 i

KA G0 YPD WA S R 5L b 43 i AA
FUREE N 0. 2%, 4%. 6%. 8%. 10%. 12%.
14%. 16%M LT, ¥ FEEEF R 1% 355
AR, T 28 °C . 150 r/min IR %555 24 h
J5, AR ODse 1 .

(2) BFFEHEMRXT NaCl BT 52 72

A3 L] NaCl BiE N 0. 2%, 4%.
6% 8%, 10%. 12%. 14%M) YPD WAk 353,
RS T 28 'C . 150 r/min #E %1555 24 h, 435
M5 ODseo 1H -

(3) WIS G AR X U B A i 2 R

WA RS, A 3ET 22, 26, 30,
34, 38, 42, 46 CHA[AIRE T 150 r/min k%
Bi5% 24 h, 431 ODseo

(4) BT TR AR X 6 28 W A T 52 R

g 7 T T 43 ) e ol 28 W o TR P
Wk 5%, 10%. 15%. 20%. 25%. 30%F% YPD
WA R SRR, 28 °C . 150 r/min ¥555 24 h, 4
B ODseo {H o

DL ESEgn i 3 tkE A
134 FEESSREERGRESABANEER

B 0.1 g BRI RE F15 B398 T 100 mL %
AW, R T YPD WA R SR P, JA]
B4 B AR XS-6 #EFP T ) — YPD WK {4 35 57 5
e, 2T 28 CL 150 r/min B R B R BIRE
IKE] 10" CFU/ML £ 47 44 FH o 465 VG 4 PR G 5 7 1
PEBRAE 5 4 TS R e rh, Ho— NG rp
AP 1% EVE R, F15; 55— RER R A4
B 0.5% BRI EERE F15 F1 0.5%I%) 7= 7 e £

XS-6. bR BMEATE 20 CHAF T kAT, DA ESE
I 3 IREE .
1.3.5 HEEBESESHS W

AT KSR, AN AR 2-9F BE
(1 mg/mL), R VR A UL XA v () 25
Gy PEATHEEUA R ASOM 3 T B (gas
chromatograph-mass spectrometer, GC-MS)X J
R R e AT SEA T A AT B A A
3, APRBCEHE. A5 %1F: DB-17ms £
A5 FE (30 mx250 pm=250 pm); P25 FHiE : 40 C
Fas€ 5 min, HJELL 9 °C/min THEZE 80 °C, #&
Ja L 6 °C/min FHEZE 150 °C, )54 8 °C/min
THEZ 220 °C {54F 10 min, JEFEHE 2 uL, JEFE
FHREE 270 °C, # <M He <, Wi 0.5 mL/min,
Jiig . EL BB, BT RERE 70 eV, BT
PRI BE 230 °C, PUBRATIREE 150 °C, HHHIER
6 min, JiEHAIEE: 30-550 amu, i#Hid Nist
TR RIS RS, L VR ST 80% (1)
FTARG, FEUANFRIE XS 4 253 AR X 5 i 0k
e mita,

2 EREG5M

21 FEEENSETFIESER

Oy EURIG SRR 13 Bk, FIRFSE R E
11904 T Issatchenkia . Torulaspora . Pichia .
Saccharomyces ' Rhodotorula % 5 /NANIA]JE
(F 1) KAWL T v T 0 A, 2521
KBLHERR XS-3 Fil XS-5 SR, XS-4 %5 3 bR
PRICHT R AR, AR AR 2 B AN R R RO
FFURANE &, Hp XS-1, XS-2, XS-11, XS-13
A BIR HA 2 BN B — X S-9 5 XS-10
FABRREAZRE, (B miE. 2
e kB, Wik XS-6 BA B AR A< H
FREe iy A, 55 BRAE W E 45 2R (£ 1),
DR I 32 428 T Bk XS-6 T J5 2l F 9% o

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



266 A

2

=K Microbiol. China

*1 BEEXREFESITEN

HE WE
Faint  Bouquet

KR R
Fruity  Stink

P Ve /S S

No smell  Total ester

scent of wine (g/L)

Table 1 Aroma evaluation of the yeast strains
bk SEIH B
Strain GenBank
accession No.

Torulaspora delbrueckii strain XS-1 ON680871
Saccharomyces cerevisiae strain XS-2 ON680872
Pichia kudriavzevii strain XS-3 ON680873
Pichia kudriavzevii strain XS-4 ON680874
Pichia kudriavzevii strain XS-5 ONG680875
Issatchenkia orientalis strain XS-6 OM230173
Pichia kudriavzevii strain XS-7 ON680876
Pichia kudriavzevii strain XS-8 ON680877
Pichia kudriavzevii strain XS-9 ONG680878
Pichia kudriavzevii strain XS-10 ON680879
Pichia kudriavzevii strain XS-11 ON680880
Rhodotorula mucilaginosa strain XS-12 ON680881
Saccharomyces cerevisiae strain XS-13  ON680882

0.95

0.71

+ 0.74

+ 0.42

+ 1.41

+++ 1.76
+ 1.13
+ 0.69

1.37

1.36

1.58

+ 0.88

0.64

+r URARARAR

+: The intensity of the smell.

22 HERESFE

X BEARAG RO TR R XS-6 F T Y5 TE 25 A4
MOESFEITIEE, R 1 . WPk XS-6
£ YPD HiaR 0k BRAVE AL, RIEEIE AR
I, Sie, hRERE. DREGTWE LR
PR XS-6 4 2AEIE, K/NZH 10 pm>5 pm,
J& T IR EERE TR A

1 EHK XS-6 MEZERSA)REMRAZE®B)
Figure 1 Colony morphology (A) and cell morphology
(B) of the strain XS-6.

2.3 EFk XS-6 B L EL

PCR ¥ 14155 K/NA 611 bp #Y DNA FEL,
B i AR 5 S AT 0, I g R 4R A4S
GenBank 4 , #R15HE K 55750 OM230173,
VEBUR MR R 3L P51, R MEGA 11 #
AR XS-6 WRGEKBR, Z5RWE 2 Pros.
Bk XS-6 5 Issatchenkia J& W45 T AR AH I B
=, BN 971%UL L, REEKRE AHTET R4
Yo GETRFREME LR, e AR Tr
PrigEEEEEJE B0t , 44 N Issatchenkia orientalis
strain XS-6,
2.4 TEK XS-6 TfZ R HTLER

NIRRT XS-6 A= K EEHH 1 5% i 4
Bl 3 s . FE Sl BT, Bk XS-6 £
ZIZ 3 TR, 2 ORI KT 8%K,
AR IEARG TR 3A). BEHANT, 75F
bk XS-6 A Kdpefd; 24 NaCl ¥ BE KT 6%H
PR Pk EE R ) B R (8] 3B). WA 3C Fus,
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6’4_{ Pichia kudriavzevii isolate CK10 (MN710525)

74| " Issatchenkia orientalis WL2002 (AY707865)

64 Pichia kudriavzevii strain APK U-5 (KC616319)

Pichia kudriavzevii strain 01y37 (HQ149322)

Issatchenkia orientalis strain XS-6 (OM230173)

Issatchenkia orientalis strain F701 (EU807918)
—

0.000 50

B2 HEH#XS-6ET26S rRNAZRFIMEMRRZLEN FHSTHHFSRRERNFIIERS; 7
SCRB T ERG R RN BEG L ARK EEAGR S AL P

Figure 2 Phylogenetic tree of the strain XS-6 based on 26S rRNA gene sequence. The contents in parentheses
are accession numbers of the strain; Branch point number represents the confidence level of kinship; Scale length

represents genetic distance.
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Figure 3  Effect of the ethanol (A), NaCl (B), glucose (C) and temperature (D) on the growth of the strain XS-6.
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M E PR ETE 0-20% L IR, bk XS-6 Ay
BRI 2 VAR AT s & T 20%E T 32 PR A
FF M. bk XS-6 1E 3042 CHIFNAKRE
I, B KIRE N 38 C; BT 42 CHE, H
BRAE K ZAE AR B8 T R (& 3D).

2.5 HEPRXS-6 5HRBEREE FI15EE 2B
BEBES KSR N

BALTR % T TR TRT 2 T P R 7 ) 20 T VG A o
L 38 BRSNSy, HP B T A
. R E 87%LL F(FR 2). BT A I A A A T
TS S H N 69 832.91 pg/L, HAEZEY)
Jh 4 275.84 pg/L, FERYIFN 61 343.04 pg/L,
25k 273.33 ng/L, bike Wi 1 897.33 pg/L,
HAbYI R 2 043.37 ug/L. Htk XS-6 5 F15 IR H
R A T AL T, R A R
4 83 676.92 ug/L, HHEERY A 5 448.56 pg/L,
MKWl 72 999.18 pg/L, MREW N
25433 pg/L, KElERYIN 3 746.68 pg/L, HAhY)
5 1228.17 pg/Lo XFHCATR, TRE AR
T RIREERGIN, AR T R A fin
T 1384401 pg/L, M2 19.8%, H S 5
WO T B BT R TS TN 19.6%

WEFE R B, TR TR R AN SR o 7 28 1 7 <
Yy S B R AR, T H AR AR S
FEWAT —E N GER 2)o TR B KB AE b AL
W 31 FASS, SR AERRE I T 7 Fi,
Hep, FRIROHEE . ZWOIRT7SBidkhs . SR
“HER TR LB TR, 455 TR 21
[N W - AN S S N s W AN
S 7 PR G P B R R A R R Y
B2 A 2 T, B AB AR R BT 2,3 T
B OROBESE S FMLEWIAEAE . tEAh, Rl
9 FhelR YT, b BRI A 4 R, Al
FJ5 T, TR R R Z 1R, i H R
T - . oS iR- 10 S 2 ORI .

3 WREER

R T TR R ) T2 36 A ) 2 VPG A OB I ) O
HZ, B, R8T A FREREEI, AErt
A 2 T T A A S B 7 T XU 2 Ak ) 2 T
Br o AWEFR DA S 1L B AR A A v B O R AR A
T —kR = E R R bR XS-6, F5E R 723 #r 2% B
MR P52 B (Issatchenkia) J& B 51 o T #E
XS-6 Feif A KBS 38 °C, Tl HLAE 42 CHHMJY
AR R WK . NaCl, #5250t sz PEFoT 3=
W1, AR ARG 0-8% . NaCl ¥ i
0—6% Fll = Vi BE M A B PR AR, BRI
TR AR AR B, X SRR gT Al SR 1O
AR —F R EBE I — R BE S TE R AR
AT AR 2 P e P 5 %) A R T B
BR L AR T T U B RTER X AR R
MR R T 9% 28U TR A LA ) 2R T, T
g I P T 7 2 TG K T ) B S AR G B 2

ZNE R i M Il ol L /S
Issatchenkia orientalis strain XS-6 [ FH T P4 i/
AR T LB RR , 45 R A S B R
SWBRE K mIA —ERT, R OmE
TN 20%., 3K SO AR R R R
FITR PG P BRI G K A Mg PG A B, TR TR A T[]
BEMIZE S W R3S . Dutraive Z5"HF5T
KRB, TR 1 B 5 TR 1 Bk VR A e T T
PR OB A, A 2R 5 e
L. THREFFEINEY . FA—EKEHH
s, ROBRFEHBEAFMEERZ—, B4
N i o ) BB XU, IR A R AR Y
PR, O A T XU B TR LB AR T S e,
e Ao v B AP S X ) e T KUK T AR N R
Ol HEE R B, MR R T
300 mg/L B, X 4 28 TG 9 A SOR B LA BRAR A
FRY, BRIE AN, AR A, TR KRR
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Table 2 Aroma contents of two Syrah wines
eyl (asLy] A URHIE BRR T TR R T
Kind Chemicals Aroma characteristics Single strain Mixed fermentation
fermentation (ug/L) (ng/L)
ALY 2,3-butanediol Fruity 10 353.79 10 753.31
Alcohols 3-methylthiopropanol Onion, meaty 2079.12 1261.21
Phenethyl alcohol Rose 45 219.7 55 026.08
Hydroxyphenethyl alcohol - 2 385.01 4047.14
Tryptophol Mild bitter 1305.42 1911.44
SRS Y Diethyl succinate Fruity, bouquet of wine 556.87 623.50
Esters Ethyl succinyl chloride - 995.45 1 470.45
Ethyl acetamidoacetate - 165.95 134.49
Ethyl vanillate Light coffee flavor - 228.22
Seventeen dichloroacetate - 225.64 -
Hexadecyl trifluoroacetate - - 228.46
Octadecyl 2,2,2-trifluoroacetate - - 329.67
Mono (carboxymethyl) phthalate — 160.83 -
Dibutyl phthalate - - 217.70
Triacontyl acetate - - 188.66
Butanoic acid, 4-hydroxy - - 1 953.08
Gamma-butyrolactone Sweet 1 794.02 -
Seventeen dichloroacetate - 225.64 -
Mono-iso-butyl phthalate - 151.44 -
Heptafluorobutyric acid, - - 74.33
n-octadecyl ester
REALEY) Octanoic acid Fruity 206.59 254.33
Acids Nonahexacontanoic acid Light sour 66.74 -
WEREEY Dodecane - - 662.22
Alkanes Tridecane - 215 311.79
Tetradecane - 1 124.02 1303.94
Pentadecane - 493.29 625.55
Heneicosane - 65.02 109.28
Tricosane - - 169.94
Tetracosane - - 244.95
Pentacosane - - 215.41
Tetratetracontane - - 103.60
HAb Y & 1-nonadecene - 172.50 120.37
Others Eicosene - - 49.04
Cis-9-tricosene - 290.04 28.15
Trans-squalene Plastic flavor 472.79 156.43
Hexacos-1-ene - - 197.91
Oleamide Faint smell 946.26 676.27
Acetyloxolan-2-one Fruity, Jammy 161.78 -
3T Total 38 69 832.91 83 676.92
—: None.
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WA 2,3-T TR MY OEESEYI R
A A FRR ARG, XA AT LU T4
A0 — AR IR, 3 ] B Gl 1 e 2 0 P AR
By,

7 A T B X ] 28 7 A 52 T AN (SR BT
JLREH Il Wy I i, i HLBE 2 A 2 LR
REJI T Wl WEFERMY, 7 A e n] = Az Z Fh i
2, FUAOBE T T AE /K AR ISR AR A AR R R MR
KRBT, A A MR B, ST
S A4 1R 28 P S 5~ A 4 5 O 22 A AE 7 bR
AR AR R Wb XS-6 15 TG e BE R
TR R I T R A SO A T Ve i, 2
RFH, H AR B & R AR 2B R R
P XA W g, m LT 7 AR ERR Y
i, JEHCEH A& IR O 1R, A 7 AR AR
8 TR LA T R 4 257 P R ) 7 AR Y
Lleixa 551175 4 9 & T o 2 v e o ™ 7 1 £
Hanseniaspora vineae, 7% S\l & i B 2 42
R, WEFE B Al BB -5 H F B n] 2 WA T 1
1 BEHOE S A BRI B 22 RIS oA G

IS 7™ 7 e £ 9 105 140 K 0 1) 3 S St A
g, T 2 A M T A R R B
FPREDC S, e W 25 i al REAL T A H 1 3
(2O, TR, O RN Ak TR R R 1 A e A
W BRI T g T R I AR R, AT R R AR DR
A AR — By — SR R AR . AT R I
FEABERL T Issatchenkia orientalis strain XS-6
55 Fo A )™ A e B AE B 20 05 i HA AR, (2
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