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Identification and study of fermentation metabolites of aroma—producing
yeast strains from Baoning vinegar
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Abstract.Four aroma—producing yeast strains were screened from ‘qu” of Baoning vinegar. The fungir DNA-
ITS area was amplifed and the diagram of phylogenetic tree was constructed,which determined the four
strains Y7 and Y9,Y10,Y18 were Wickerhamyces anomalus and Candida melibiosica,and the GC -MS
technology was used to detect the species and relative content of volatile flavor in fermentation substances.
The results showed that the flavor substances of Y7,Y9,Y10,Y18 were number of 26,30,21,22,among them.
The Y9,Y10,Y18 had more alcohols sort in species,and the higher relative content of alcohols sort was ethanol
and benzene ethanol. The Y7 had more ester substances in species,among the ester substances,the relative
content of ethyl acetate was up to 25.238% ,which full of rich aroma. The species and relative content of
aroma-producing yeast was difference, which gave different types of aroma to the vinegar,and had great
significance for the flavored vinegar
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1.1 MEE5EE

DL2000 DNA Marker.rTaq VANTPZ4 PCR #H =%
BRI HROGEE YA B AT 511TS1 (TCCGT
AGGTGAACCTGCGG) ITS4 (TCCTCCGCTTATTGAT
ATGC)  HHinvitrogen (M ED 24 ] 45 Al £/ T T
I VU AR BE AT B W YPDR IR 3L & Ak
3L WA ARSI AE YR AT B A F L B 130.1 g,
IINZETRK T L, B A 8 58 s iR, o —
M, 115 °CKH 15 min; PDAR; FE3E 4420 g,
WA M2 ¢, B2 g HK/K100 mL, H#pH, 121 C
K20 min.

DY-6CZLHLPKAX  ALET /S —AXER) s S10004

PCRY 31 . GelDoc 200078 58 Mt e )% 154 S5 1H]
Bio—Rad 2y #] o
1.2 XWHZE
1.2.1  BEBEREIIRIE  FRIL10 gl A 5 T 20 55
L FE N30 mL 0.8% 1) A2 B ER 7K, i g 257, DY )=
Zb A ik YE S, I 2 mLyEHIN N O K B AR YPD &%
FEFEH, 28 T 150 r/minPEPR24 h)5, BL1.0 mLE
T mLIJGEE ZK 1, AR IR G B K A RE 5 3
19 e LR M 1073~ 10 (1) H BE I, A B B 5 MR 1)
100 WA ERAT T3 B9 G 9 24k 1, 28 “Cf3] & 5% 9%
2~3 d, BRHLBE AP ] oo i P BEAT B A L 43 2 L aliAb I
LRI o
1.2.2  FEREAP = ae Ju e G alifb a1 B i Rh 3z
P AAYPDRS ZE3E A, 7628 C R EIE IR H5 9524 h
o, LLS %4 Pl i e N AR KR R ik b, 7628 C'F
T P 3% B FR3 d, WP A2 W 75 7 .
1.2.3 JEEFERINEAYE S G Y% E T
TP BE BRI AR IE 5 2 o T U 19, O 9 3k 449 381 1 DY
KR 75 1 B B 2 A T YPD IS 7 5 |, 28 °CHAE IR 1% 5%
20 h, WLEEIRERE TR ) A0 B A&, AR s is IR 2] 254 d, W
SR B (I TRV A, AT AR B A ARSI 86 o
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1.2.4 rDNA —ITSX KR R o 18 A [mlYs 58 =
Z5 A5 P TS (1) 7 v B B R TR S 4L DNA, SR
SIITS1/ITSA S T BEUEAT Ry 2 9 38 o 25 wL PCRAE
%:2.5 wL 10xBuffer, 0.15 WL (5 U/pl) Taghi, 1.5 wL
(25 mmol/L) MgCl,, 1 L (2.5 mmol/L) dNTP, 0.5 pL
(10 pmol/IDITS1,0.5 pLL.(10 pmol/ID1TS4, 17.85 wl
ddH,0, 1 wWIAHKDNA . § B R )7 : 94 CTIAZ 3 min;
94 CAZ1E30 s,57 “CIB K30 s,72 CIEAP T min, 347
HER, 72 CHEAH10 min. 25 XS 1 WL W 2818 7K
AR o 1% 1P B MERE U 5 Pl AL, 58 A AR R
i LI HT . FERPCRMIEAE LR ZE AW
B 2 = 907 o

1)t R G0 R B W RIS AE 53 BT : ZENCBIH X
J¥ 45 B AT [F) Y5 AE L% (BLAST , F1 FH Clustal X2.0%)
JT AT Z2 B EEXT, A Megad. 04K #1428 H Neighbor—
joiningV R EE RGE K E W, AT RGBT -
1.2.5  T00 2 ] AH s AR B = IP6 T 2 A ) 7 2 e -
OEL 2 A%
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T YPDWR AR RS IR 3L v, 4628 C FERIR % 59724 h
J5, LAS% P B3 NFE 2RV T B 9736 h, 7628 C N1E
WP GRS de
1.2.5.2 TS [EAHPAAS I AEAf IR I6 mL R A T
15 mLIi 250 165 CIE /K%, K 50/30 wm DVB/
CAR/PDMS#£ BY Sk i A\ T2 JfH A ST 487 10 min J& W B
30 min (ZE [ AH A A XS B B S2HD , B A HCL
AR A R A = R S min, 31T GC-MS
Gy
1.2.5.3 GC-MS&AF il At BAE it Agilent
HP-INNOWax (60 mx0.25 mm,0.25 pm) ; F3)) TG4
PR, BERE 1R 5230 °C, F2)7THiR45 °C, PR3 min,
LL10 °C/minf3E R T 22200 °C, RS min; K5 ) 25 75
J#230 °C, #"<He, #ii#1 mL/min.

JRCRE 45 A - ETHE Y5, HLFRETR70 eV, F1 48 v [H
10~550 u, B T YUR 230 °C, #2113 E230 °C.
1.3 #ELIE

S I B W Ak PR GC—-MS S s 2 M A 3R 48 52
J s AR FIAL S W) 221 FHLR 2R W] B 5 NSITH 22 1
RTLPEST % £ 4H UL et , 42 >4 DE BK B K 1800 (e KAH
A 1000) (¥ %5 52 45 AT LUAGE , SR W AR -1k
V8 BT S R AR TR AR AT
2 #HREITiR
21 FFEEBESMNEIL

MG TS B P RO % 2 L IRRERERE, W5 Y2,
Y3.Y4.Y7.Y8.Y9.Y10.Y12.Y13.Y18.Y19, K
P Y2500 S 97 2 P RE 1K) = A 1 0, A5 R R TR .
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Table 1  Identification of aroma—producing capacity of yeast
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RIS, B RER Y7 YO Y LOFNY 1877 A= ik B
SHTRAR, AR Y2 Y1977 AL 1 B R AH VK, Y4.Y12.Y13
PEETNES, MOEREY T Y10, Y9 Y 18BEAT f5 S5 .
22 FEEBONESETE

MR 558 DY ok 7 7 I B3 1) 18 9 T2 285 L S AR I 245 S8
SRR EAEAL SIS, HoAE IR A2 R3O . 2R 4N
DU P2 R 320 20 5L 11 4, AT 0658, SR TE S MG E
Y47 Sy B A Bl AN T DU HE A, H N A, A Y 7 A B
22 o R BRAEAR SIS T AN, BRARY 75 SR el D
(Wickerhamyces anomalus) AL, HHAEY9.Y10.Y18
5103 229 B (Candida melibiosica) FH4LL .

23 HTFETEHER

VURK = B i BEPCRY T HE 7= 4 LA 1 % B IR B 658 s vl
VKA, FC 25 AL an &l 2 i s, ) 45 AR 4T Blast 5 K]
b %, ) ClustalX2.0 %) 7 2 #8E4T 22 5 Lk, {1
Megad.0 8 A} K H Neighbor—joining 7 M) i R R
B, & Shn 2,

Ph LTS P20 e DY AR B ERPCR A 1Y 4% a7 1 78
600 bpZE A7, BARYO Y10 . YISAHLL, 55 L1 AN 22 %
(Candida melibiosica BEL103) 1E &k & [E— 7 ¢
I, AR IR $198% , I N Sk —RR R i BRSOy 11

2 Y7 YOY10Y18)

Y18

Candida melibiosica strain BEL103 (KJ939352.1)

97, Candida dosseyi isolate LEV4T (KJ361481.1)
Candida blattae ATCC MYA-4360 (NR_111407.1)

99| Clavispora lusitaniae strain CBS (AY493434.1)
Clavispora lusitaniae (EF136370.1)

Candida haemulonis strain S399 (JQ665417.1)

99! Candida haemulonis strain 19700 (KJ934715.1)

991 Wickerhamomyces anomalus strain M297B (KP675493.1)

B2 R RGR B MR

Fig.2  Phylogenetic tree of aroma—producing yeast

R 221K} (Candida melibiosica KJ939352) . ZBLAST
Xt 5, Y 7R B R iy gk v X Uz R (Wickerhamomyces
anomalus strain M297B, KP675493.1) )7 %) AHALL J5 F
1515 A99%, TN B ARY 7 2k S i S C D R .
B VAR TR LI 22 P R B0 ) 7 A B P RE U,
XIS TSIEEE N A, DA e SR 2 o 45 381 S 8 8 vl DU B
TR 22 P RE, J 0] 7 AR K i 2R B A5 SRR T

24 FEEBBERBRTELZEESKS KGN

K FH GC—MSHE AT W 41E 7= 75 1 BF = PR v 44
RNETSRST , G R WRAPTR .

R AP JIT, DU ™ 5 B 5 1) 2 P il 20 48 RleA T
e E 2253, YT 5 YO Y10 Y ISAEAE I K I 22 574,
YO.Y1I0RIY18Z= F A /Ne Y7.YOY10.Y 18£8 5] X
R RN S EAK 26302122,

st 243 2 13 T G R A T B B b S RT /b 1R 40 T, )
HSf 2 BT A R 1 R 2 ks . Y7.Y9.Y10.Y18
R SL A B 18 PP 2K ) BT, 43 il 41 6. 15.10+
OFlt o A A Mg XAy ] A U B (1) B S AT 48, 4y
TN W Tl S R SR LT, L DTRR S K
MEEE Ty ZEERN 2K O BE, ZUEE RS20 N6 D0 T RS 10k

K1 P AR PCRY MY &1 (1] gt e o A 0 A I I B ) S R ), Dl T TR TR
Fig.1 Patterns amplified by PCR aroma—producing yeast A B B e A T Ukl . Y7 SEE AR X B A AR
K2 PUERERHIE AR E
Table 2 Morphological identification of aroma—producing yeast
WK 5 WV IES MEIB S
DU TLETE, T g SRDGH A G 5% e I
Y9 [, 3L A O, W e, AP, WSS, Bk, M, ASATEEN, A B S, 007 2F 4,
Jiit*F, 3 mm A
Y10 [T, 3 mm, 3L, WEDGHT, A, U255, I MATERBAN B BATENHES Y, S0 254,
Sk, it bR«
Yis [, 5L A, DL A O, 1L G55, BBk, I, MMATEBAN, S BARNHES Y, 50725,
Mk, 2 mm 1 22
R3O EBE RS E
Table 3 Physiological and biochemical identification aroma—producing yeast
[ AT EX R HERE TEHY R TR Hah ToUEE R TER B RS
Y7 + + + + + + + + -
Y9 + Vv + - + - AY A% -
Y10 + A% \Y - + - AY + -
Y18 + \ \ - + - \Y \ -

T RO L =R A VR IR T AR
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Table 4  Detection of volatile components of aroma—producing yeast in the fermentation

AR & (%)

=) s A2 Fhe
Fes T FC 10 44 B SN Ik v Yo Y0 vis
1 Ethyl alcohol L TRYNRRTLR TS 21.492 50.320 72.665 70.020
2 1-Propanol, 2-methyl- S THE TR AR R 1.393 3511 1.065 1.246
3 1-Butanol, 3-methyl- S I Wy o e L - 14202 7.998 9.128
4 6-Octen-l1-ol,3,7-dimethyl-, R)— i o AT 0.070  0.120
5 Phenylethyl Alcohol RO EITBOREEIE S 24.968 23.223 12321 13.327
6 2—-Dodecanol e - -
7 2—Furanmethanol pi FEPET 0.185 0.134 0.123
8 1-Propanol, 3— (methylthio) — 3 ik P K NAMERUN 0.188 0.097
9 Benzyl Alcohol 2R F KRS ACE MG 0.060 0.014
10 1-Undecanol 1—F—F PR -
11 1-Pentanol 1E R VC SN RIS -
12 3—Furanmethanol 3R] AR e - -
13 1-Propanol E XN Y & s 0.050
14 1;’6;}?;2‘;;*5233‘1"_",‘(3]5‘)0} R B BT MR 7 0k 0221 0.140
15 1,6, 10-Dodecatrien—3-ol, S-H-3,7,1 1—: HH - B B _
3,7, 11-trimethyl-, [S— (Z) |- 1,6, 10— Zh¢ —Jfi-3-
T e e :
17 1,6-Octadien-3-ol, 3, 7-dimethyl- 3.7-=MH %_%6_% -3~ 0.154
18 2—Methylene cyclopentanol 2V A R I 0.060
19 Ethyl Acetate LR L RENE 25.238
20 Benzenepropanoic acid, ethyl ester 3K NIR L1 IR AN 0.168 0.118 0.037 0.053
21 Benzeneacetic acid, ethyl ester KRR LI HRENNFHIIEZEFS 0.048  0.166 - 0.077
22 Acetic acid, 2—phenylethyl ester 2-IK TR T YU A 10912 1.290 0.429
23 Decanoic acid, ethyl ester 2R .1 2 Y 0.054
24 1-Butanol, 3—methyl-, acetate LR 5 )N g TER 1.790
25 1-Butanol, 3—-methyl-, formate FH 5 I3 R 0.010 - -
26 Octanoic acid, ethyl ester EIR L A 0.126
27 2,4—Decad1er1((])slf,za)cl_d,ethyl ester, o oy 2,438 I LG %Eﬁ\%?;%;?k%ﬁ\ 0175 0113
28 Ethyl 4-methylbenzoate Xof R 2K FH R T 0.020
29 Benzoic acid, ethyl ester KR L T A K AR 0.062
B0 2T AR -2 LW LI 0.368
31 Nonanal T SRAHR G 5 0.064 0.384 0.086 0.101
32 Benzaldehyde 7% RN 0.109  0.066 0.056
33 Benzeneacetaldehyde KT WA 0.012 0.217
34 2-Octenal, (E) - =2 Uik NS 0.044
35 Acetaldehyde L M PR IR S A 0.098 0.146
36 Acetic acid 418 ENCHIILUS 0.619 0.152 0491 0.412
37 Propanoic acid, 2—methyl— TR TR J6 5L WyTis A7 0.157
38 Naphthalene Z A AR R -
39 Azulene Hagis -
40 Benzeneij:;;ity‘;;”?“““‘ T 7 TR 0322 0229
41 Estragole A4 N R 2K H gk PR e - -
a O I Y AR T I -
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- .. . AHX 2 i (%)
FF5 UC FC. 1 44 R TSR ik V7 Yo Y0 yIs
43 Ethanone, 1- (1H-pyrrol-2-yD — 2- LWL TR IR T SR A 0.056
44 Acetamide, N— (2—phenylethyl) — N-Q-K 23 L% - -
45 2—-Butanone, 3—hydroxy— 32— T KR FHI R ARFE 0.608 1.380 1.098
46 2-Undecanone LT3 F 0.133
47 Oxime—, methoxy—phenyl—_ PR AL 0.157 0.148 0246 0.276
48 1H-Indene, 1-methylene— 137 F - 1H-Ef 0.030
St 87.582 96.048 97.297 96.682

T =R WRZ AR 5 BT, R AR

21.492% , Y10 Z I FH % & it 3 e ik 1) 72.665% , {H
Y 1028 ZBEARXS 5 H AR A 12.321%, Y 72K LA XS
o, NY 1OHIPE %, iIK524.968% . 5 LIt —Flr
KRR 5T, FAT B O AL T 2 1020,
JUIZATTAE T HBUOBAR L R YRR ) R, 3 HL2
BT RN o Ui IS L = e [ L SRR R = e iy
J G320, JAE AL G R e i P I BN .
W R 12255 N PN 1 SR i THD 3 v i A9 o K e A i B, G
HA PO RR 34 v PR AR U . RN PR ISR 1S
) ) A F 1R a] AR R 2, LA O
24.225% . XK 2 Hm A R ] AR gl R 2, 3
AXF S = AH TAN o

P50 0 e BT « VP 35 v 254 8 R P 114
FARTRR AR S, Y7 YO Y10, Y 18 A 1 v = K i 5]
12F0 M 5T, 50 90 854 5% . HiF 3R IR 2,
1 FH 2K L8 LTS 40 A i A 340 AT AGr ) 2], A5 A
IR . YIPP B R R 2,
LR LR FN2—2K £ 1R £0 W5 > AH X 25 5 4 25.238 %
10.912%, Hop 418 £ T8 HA W B B FH W E, B
T IZAFAE T G L (U S 2 rh, 2= Ao ss A0
BN 77 L1820 TR 0] S vl L v
B, 15 2CHE = A XU I i o 2—2K £ PR TG SR EILEC
B R M B T, O A 2 T L T A5 b A5 DL R B,
Y 7R TR A R 2018 ZU0E S SE R 2L IR L 218 S TR
FIET8 L1, IX L8 i K 22 # 2 BUK A Ae 7,
TR AT HAR3PP R P 2 ST Rh 2
JeAHRT 5 e (HA) BAT FARR (I BE S 0, YO
AR SR AR R R L1, AT K AR Y10R1Y 18
W] ) 7 A A— G R F IR -2 — 2 £ IE L1 I RN
IR HR 205 .

T 2% Ko HoAth Ak A 90 4)% e o5 2 10 B R & 4) 5 Y7~
YO Y10, Y 18 A& P i HH 1 2 4 Joit ARG ) 53] 574, 53 53]
A3 23 X LRSS A AT IR R AT BR
A, AR S e ER A, YA TR A, b Y7
PRI R A 2t 22, AN P2 AR L, A B
B o IR R, AR E S . AR b
FLA I B 1 3R HABAL S D, 53 ) 8T 5 4%, Hirh
VU Bk 7™ 5 PR E 349 77 A2 (R ) 0T Ay £ Wi 0 P B R R i
B s JAAXS & 1% LT -

HE Bl A8 DU 1] ZR IS 1) 75 <R 29 o AT ik B v, 2R 1]
R I 1) AR RS AR 4R 2, 3— 1 . T 1%
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0% BRI LR (ROAV = DP9, il 1 &< ko
LR LTEI 5 i AR AN AR Y 700 7 A2 LR
Lot , AT o 25.238% , i v 1O B 196.11%,
X I T R BEBE S 420 0 vk /0™, DORK B 7] TE 1
IX BB AR TR A K4 43 4R, R S, B
T T i R 20, FLAH RS 5 s YK F-0.7% , LR AHXS
B EEAE T R B 1 35.22%, T B LR T
SR S PR PR 1E . YO.Y10.Y18R] P~ 42,31
Wil , AH 5 50 531 29 0.608%+ 1.38%+1.098% . Y7.YO.
Y18 1] = A= 2R FH i, AH X 7 32 8 0.109% + 0.066% -
0.056% , FL R IX L i o3 AH A5 S 3RAK, AR T 07
T R AR R AT S E A DUk
3 it

AT I I B AR A B AR T R e I B R,
HBIHYTYO.Y10.Y18, Zr DNA-ITS/) %52, Y7T N
S H K v DU IRE BE (Wickerhamyces anomalus) > Y9+
Y10.Y 18 K I ¥R 22 ¥ £ (Candida melibiosica)
K FH G C—M S A M 7= 5 Wi BE A W 7= ) b iR 48 e
TR T, A2 R o T2 R 2R 2K L D i
W 2 e Hofib Ak &40, Hodm, YO Y10, Y 1824 o Filr
Kz, RRYFR ST B 75 7, YTRR W) Rh
Kipz, VN LR LNE, HAIX 5 5k 31)25.238%,
I FLILOR L FEAH X 55 52 38 iy T o Ath — BRI R, 14 2]
24.968%, H T, ;r= B RE 32 T8 b B . gy
S AR S R TR W I A o T AN [R] A 280 1) ) 5 e R
A BT A TR 2 AR AN W) 8 XU 3 23 5 Sk B T 5RT AU
I R A TR AT D7 10 S 43, AR DG T 7= A i BE 1
MR = it — 2P 5T .
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