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IR R A, A% A R B (Clavispora lusi-
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i G 70 AR, Pereyra S5V R 1 BRI 4 4 e 7R
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PN SR LR TR RO LR IR A
B T . HRT, AR % o A
BEFH T FN A S R . R s AR 1 Bk
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TORFRI N ERE T, TR R oK AL il
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REME R R TIA T 22 5% . Méndez—Zamora SEHJf
R G U EE IR EERE (Pichia kluyveri)FE BT 21T HI
“MI127 85 FR P PR AV P ) 25 e R
30 °C .48 h By e fm, WFh PK1 7E e i 221t 4k
5 T O OEE  OBES RE &, W4 A
BEREEA A M= BRAE T, T AR A [R] R 4 o
R PR EAE A FOBFIER WA

ZLAS T 2 1 B b X ) R (L 0 7 iy, DAL
ANK R FERR R, ZD/ K D NE
SRR AL IR S IR EAFAE RO ZE 5,
WERELELL/ K B R EE T b ™ A AR ™ ] e
TR E R IR R A A, DURRAT
QAT Bz N T A AR R 1)
T, B RES TR AL B TR E R PR A
RLAF A PR IR, iy ) ] 3 4 2 e R I B O 21/
KEEFRY (HXM) 55 558 537 ) (PDA) | 3 B
FEWI(GL) NEREFRY (XM LEAE KA =4 |
FR922 501, ASBIFFE R FH T4 [T AH A B -4 — 48U
35 — DU A AT R AT B [E] B3 (Headspace solid
phase microextraction and comprehensive two-di-
mensional gas chromatography/quadrupole time —

of —flight mass spectrometry, HS -SPME -GC xGC -
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QTOFMS) A6 I ] 28 “F 42 0 1 B 55 5 W ) 45 5
1, A [R5 5 0 B 45 R A 4 o3
AGFN i, ORISR R A 27 T2 P i F2 L
4343 M7 (Principal component analysis, PCA) , 7] #i
WA R BT o A A - Py i 22 5, DLE
A e/ 3 AT (Orthogonal partial least
squares discriminant analysis, OPLS-DA ) ¥ 1|5 %
AR R L0/ N B IR Y 5 /N2 R SR A DG B
ZESHE RN, AE R A 7 B A
DRAFIE A otk B, PRITEL/ K B SR A 4 2
PEf BRI AT PE A 24T B R ™ ik
Yy PR RS S H

1 MBSFE
1.1 MRS

LR INE AW SV S T R
fEE RS (Clavispora lusitaniae J5) , B4 Tl %
AW GRS R R AR A S0 B T

a—TEM G AL B AR B R, d R
AW ARA RG] HE R Sk (3R
SYRTEi g ) , KA R R A 2= A FR A ]
1.2 UEHEE

AT — DU RRFT R 6 AT B [ B 3 1 FH )
(8890-7250) , 3 [ ZHER B A ] ; & 4 <A
33 [ 25 E ) 5 (SSM1810) , 5 S i R ( |
WA R A #EFERS (CTC) , #ig+ CTC Analytics
N B DHL(TGL-16MC) , K Vb4 B 0Bl
AR 7 2 m R 78K W s (LDZX-50L) , |
W R IR R BT (WZS-60) , [ iR %
LA A B,
1.3 FHik
1.3.1  FEgRdkfm

1) YPD WRIRIEFREE WEREE 10 g, AW
20 g, Fi % HE 20 g, MIZKAEZE 2 1 L, 115 *CKH 30

2) DA EWIAE R DR EREUR 1L,
A 20 o, 4R pH A, 115 °CF K 30 min,

3) AYERBUY R FRIL R R R LK
INFZ 5 SRR B 250 ¢ PRSI S 1 L LB+
KRG A 3 g a-TE#E(3 700 Ulg) , 60 “CHiHfi#
2h, BINA 3 g HELREE (1x10* U/g),60 CHEfL 4

h, foa , AR b 8 bR R UTHEY) , F7F 8 000 r/min
TR 15 min WO FIEWR RS RIS
i, P A KRR 2 10 °Bx, #F FISWAE 115
°CF KB 30 min,
1.3.2 Biggrik

1) FhFmmdil e RIE A S AR R T
YPD WA B; IR 3 7F 28 °C, 120 r/min F %557 18
h, XU

2) BEREREIRY) WO SRR TR, R
T 150 mL PDA VARSI I8 45 Wy S By 3 97 5k
H JERR S (R B 3R 2] 1x10° CFU/mL, 3R 1Y
FEFRAELTRAE 28 °C, 120 t/min F 3535 24 h, B V-Fa
W, BRIEFYPATRSR 3 IR,
1.3.3 KRR R AR = 5 A
1.3.3.1 FESLFEE SR T 25 — [ A f B b
FHEE S 2K HL DVB/CWR/PDMS (80 wm) ., ¥ 25
pl 2-F#(99.41 pg/mL) .3 ¢ NaCl 5 5 mL IE&
BIA e RE RS R AT R (RE S PR
Rl 0.497 wg/mL), T 50 CE&AF , 47
15 min, ¥ 250 C#Ak 6 min A Bk 38 A T 28
S, B AEE 30 min, 76 250 °C R #HT 5 min, EFE
43HT,
1.3.3.2 SAHERERM  CisH . 4 HP-5 4
(30 mx0.25 mmx0.25 pm), — 4+ DB-17(1.2 mx
0.18 mmx0.18 pum) ; SPME & 448, AN/ dhEE ;
THEFEF . W11 HER 40 CL£FF 3 min, LA 5 °C/min
FHE 2 250 CLEFF 5 min; PHIFE SV(C6-C40),
T 6 5325 He, Y 1 mL/min; A& S N,
1333 Bk WrRGEE L, mEBE
70 eV, B TIRIRE 200 °C, L H IR IE 250 °C, K
TN 2% 5% B o B BT Bl 45~500 miz, RAEHR K
100 spectrum/s,
1.3.3.4 @Mk, EEE XEEIFRYAE IR E
T AT A I, 5 0 LB 50, KA 2 9 4
B 55 NIST Fai e xf b4 7 oA, I B 3t 2
MEKERLEGY, BIFHEREm, REIRERERT
700 H. 3 4 A7 2B 2 AL &9, i)n
fd FHPE (B AR FE B A,

PR A= W o B TR, R e
TR T, L 2B AR, 5 & A= &
s ()5
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PRV & i (pg/ml) = ﬁs xC, (1)

Arpr. €, AFE S AR BT R B, 0.497 pg/
mL; A, F A, 535 AR i A A A = ) A N AR
(TR,

SIRNEPE(E (Odour active value, OAV )2
XS B UG PE {H (Relative odor active value,
ROAV) BT SR FHARXH RIS (S (ROAV ) I
i AL A W AR S TTHR  ROAV {H 8K
AT S 5 A 2 B NI, X R ok R
& SYIR ROAV=100, ROAV>1 H{LAHTT L
IR RFH LR TIEE S, OAV Fl ROAV 735
Fie (2) M (3) I

_ G
OAV, = 7 (2)

i

)f?/ 0.00  0.02

o

eJ/
% N
% 000 0.02 N

(c)HXM-J5-A

_ OAYV,
ROAV = OAV x100 (3)

K oS | AR & i ey
mL; T, 55§ A5 R HEACE ™ Y0 B SR B, g/
mL; OAV; 55 @ 45 A VA ™ W 1Y SO I 7
{H; OAV o IR R B ARTEEMA
1.3.4  HdRAbFE  SRFH SPSS 23 F xS i Al
HAT T 2208 F e Ka 5, A chiplot (https:/
www.chiplot.online/) ZEHiIAARE upset EIFIBIA
FIH B 4R A5 = °F & (hitps ://cloud.metware.
en) AT PCA 4341 A1 OPLS-DA 43#7

2 HERESW

21 EXZMHRIE=H GCxGC-QTOF-MS &
AHIFFE I e 3% SR L T s TR AR K

HYEE SR T, SR R AR A ] T H R s R,

o
O*i’/ 0.00 0.01 Q

//' 0.00  0.02

(d)XM-J5-A

1 J5 i 4 FiEFRE GCxGC-QTOF-MS BB FR Bk E
Fig.1 GCxGC—QTOF-MS total ion chromatogram of four cultures of J5
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o SR R T TR A T R AR R S i i 2 R,
LT /IR SR LT 43 BT R o Y o B IRORL2Y N S B
TP BRE Fr 22 A T2 50BN 4 FRE TR GCx
GC-QTOF-MS S B Fi Ak ks 1 piR, 4 F
BRI YR KRR R A, 4R
AR TE R L A e VT LT
IE3E5rE, BB/, B R, WK L AT LUE
L IR TRIRS FR4) %) 6 5 I T A D 5 e ) A
XM NAE LA —E 225, RIS
PR YA A
2.2 47 J5 EFYPIELZERIGFMN S
4 i 5 R 0T v A A R AR 4 1 AR
FRAL A YR EEANE 2 iR, 4 Fhig SRy
FFE R AR 2 RS RS RIS =

100
90 R | W
30 [ S
70
60

50 i - |

A i
Relative content/%

40

301

201

10}

0
PDA GL XM HXM

(a)

B Z AT E 4> & & 7E PDA (GL XM Fl HXM
HF435°4 (98.9740.41)%, (98.72+0.19) %, (96.84+
0.59)%, (88.00+1.32)%., HXM R IAENT 1 40
i T HER Y, i85 (50.14+1.90) % ; GL Hfig
MIARRT E 4r S T HE R Y, 53] (45.26+
1.30)% ,PDA Fl1 XM HEREE2E B AHXT 1 o % i 8
T, I E T R AR (] 1a)

PDA (GL XM H1 HXM & 2] 59 1k & 1 %k
WA 31,27,32,44 F(E 1b) . HXM H ik &4
MR BEE (12 Fh) (BEIE (12 Fh) (826 (2
Fv) 232 (4 B AL B PR 2R B = T e B
TV RERAE YRS S XM AHIF], & T PDA
I GL, BEHILL/NRERIC IG5 15 AT RIS B 5
(4 e AR =4

—_ = =
OO = W

G WHE
Compounds amount

L L B I L e T ]

PDA GL XM HXM

(b)

B2 J5EFRUHEREMRNST

Fig.2 Distribution of volatile compounds in cultures of J5

2.3 4T I5EFYFHELZERIFFINESE

4 B J5 (8% 3% 9 v RS I 1 B4 4 & A g
Yy, 403 1 PR, JERGINE] 65 R &A=
FILAREEZE 14 Fh BE2E 18 Al BRIESS 16 Fl 4225 9
Tt RS 2 B WS 2 B, 223038 4 L JS BE3RIY
PR AR ™ W 1 5 T VK BE AE 13.008~24.118
pe/mL Z 8], PDA ¥ e AR = B e B e 1K
$7(13.618+0.121 ) pg/mL, HWE HXM Fl GL, XM
HE R AR = ) VR B fe s, R (22.188+1.734)
peg/mL, 2 m T HE 3 #iEFRY) (P<0.05)

&l 3 Sy 4 FpdE SR i A FE R PR i

ok, I 3 AT ST 4 MRS R S )
H A (OEE 3-HE-N-TE KO LR
fif NROWR LR T TR . ORI FIR TR . &
PR TR O R G , U ] 3 4 e A Rl ™
YR A Z ISR o5, Horh CR T
FIROHE, LRACTRTE 4 FhEFRY IS a2
SARE(P>0.05,3% 1), 7T 3 FAYIGFRAE
HFIAL S 14 F BRO R LR F IR OHER  L 1R
ROTRN, Ol O R CTRAE 3 MWy is 5%
Yy B 22 SR B35 (P>0.05) , RIS W 85 9%
FERY 3 1 25 S AN I X Se W ST AT A
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Table 1 Volatile compounds in cultures of J5
%31 e &R/ (pg/ml.)
PDA GL XM HXM
g5k LB 0.895 +0.086"  2.698 +0.836">  3.100 +0.894"  1.949 + 0.520®
3-WRk-1-TH 2.874 +0.446"  3.576+0.430°  5.282+0.389"  3.097 +0.793"
KB 1.047 £0.079"  1.433+0.226° 2.671+0272" 1337 +0.366"
2-THE 0.170 +0.021*°  0.119+0.024*  0.317 £ 0.180° —
St B 0.071 £0.003*  0.033+0.007°  0.062 + 0.033" —
TE — 0.042 =+ 0.010° — 0.477 £0.110°
- H7-3-B% — — 0.045 +0.008"  0.166 = 0.029"
3- R 7 R 0.160 £ 0.020"  0.046 +0.011° — 0.079 + 0.061*
2-zhem — — — 0.047 + 0.006"
2,4-=F KA LB — — — 0.024 = 0.005"
3-FH-1-8 — — — 0.072 + 0.077*
1-F B — — — 0.143 + 0.023*
1-E8% — — — 0.044 + 0.002"
R BF — — — 0.085 + 0.012°
&it 5216 +0.602°  7.949 + 1.167° 11476 = 1.304° 7.519 = 1.321"
iR LB TBs 3.500 £0.897°  5.038 £0.799"  3.071 £0.535*  2.492 = 0.788"
7B L BS 0.363 +0.026"  0.594+0.071°  0.366+0.016"  0.072 = 0.035
LB T By 0.739 +0.124*  1.043 £0.148"  0.524 +0.098"  1.260 = 0.112"
TR LB 0.172 +0.099*  0.305+0.063*  0.318 £0.093*  0.348 + 0.195"
¥R g 0.143 +0.066*  0.107 +0.025°  0.122 £0.061*  0.059 = 0.045"
LR Ts 0.077 £0.022*  0.069 +0.010°  0.252+0.278"  0.041 £ 0.019*
JE B LB — 0.051 £0.016*  0.036 +0.014*  0.062 = 0.066*
T L85 0.020 + 0.002° — — —
LR 5 8. B 0.055+0.018"  0.141 £0.018"  0.235 +0.039° —
D £LER T g — 0.031 + 0.004* — —
T LB — 0.028 +0.006*  0.054 + 0.024* —
BB UES 0.009 +0.001*  0.035+0.004°  0.034 +0.022" —
A A8 B — 0.010 + 0.001° — —
LB % Bs — — — 0.055 + 0.007
VR B B — — — 0.179 £ 0.018"
LBR Thg — — — 0.140 + 0.032
L P s — — — 0.046 + 0.009°
3-F ALK 7 BE LA e 0.141 = 0.005" — — 0.014 + 0.0002°
A-it 5219+0.875" 7.451=1.053" 5.014+0.818  4.769 + 1.283
#AR 3 0.044 +0.030° 0442 £0.146>  0.430+0.252"  0.185 + 0.096®
KT 0.779 +0.126°  0.103 £0.043*  0.401 £0.227>  0.201 = 0.023*
- T EE 0.526 + 0.086° — 1.603 £0.772"  0.066 + 0.029"
R B 0.188 +0.019" — 0.071£0.020"  0.302 = 0.047
T B 0.014 + 0.005 — 0.054 + 0.022" —
- 2T et 0.105 + 0.058" — 0.267 + 0.093* —
Z1a4R 0.058 +0.019*  0.211 £0.039"  0.167 + 0.006" —
2- TR 0.032 +0.004*  0.041 = 0.002" — —
2- Ak T B 1.280 £0.176"  0.071 £0.005°  1.973 +0.982" —
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(&% 1)
£5) b &/ (pg/ml.)
PDA GL XM HXM

KBS — — 0.028 + 0.005* —
2-R Tk ams 0.017 +0.002 — — —
Sk — — — 0.034 = 0.005"
MR 2~ B i B — — — 0.022 + 0.004°
AR B — — — 0.054 + 0.020*
2- R — — — 0.037 = 0.005
2-¥ 3R T ER — — — 0.041 +0.014
A 3.043 £0.426"  0.868 +0.222"  4.994+2.038"  0.941 +0.033

S E — — 0.110 £0.057*  0.249 = 0.056"
4- T A e Rdy — — — 0.039 + 0.007*
A3t — — 0.110 £ 0.057*  0.288 = 0.052"

%k 3-FRA R — — 0.051 = 0.031° —
1-AE A Tk — — — 0.047 + 0.006"
1-(1-ZAATEHR)-3-FA TR — — 0.072 + 0.009* —
1,2-= 284 T 0.053 +0.028" — 0.055 = 0.014° —
1L,1I-=ZAE-3-FE TR 0.047 +0.027° — 0.165 = 0.063" —
4,7-ZF R E+—)% — — — 0.014 + 0.002
EF—k 0.007 £0.002*  0.014 = 0.006° — 0.023 = 0.005"
N -3 B Hy — — — 0.066 + 0.010*
(2,2-=CTHRILTH)-X 0.011 + 0.006° — — —
&3t 0.118 £0.057"  0.014+0.006*  0.342+0.112°  0.151 +0.023"

S 2-WHATER 0.023 + 0.005" — — —
TER — 0.064 + 0.020" — 0.592 + 0.052"
At 0.023 +0.005*  0.064 = 0.020" — 0.592 + 0.052"

% =ZVhak — 0.073 £0.015*  0.106 +0.030*  0.237 +0.039"
vy AR bk — 0.064 +0.019°  0.147 £0.029"  0.277 + 0.052
2,3,5-Z Wk -6-CT A — — — 0.042 + 0.008"
2- 5% vk b — — — 0.195 + 0.016°
At — 0.136 £0.034* 0253 +0.054*  0.752 £0.114"

=" FoR AR e S TR SR PR 5 R 22 5

24
22 o4

EM (a=0.05)  MFEFRRRER AR AR FHFRRETBE,

20
18

ILH AR

Number of shared compounds

6
4 4
2 2 2 2 2

Fe—
= il

PRLDPPEO 0O

Yk

Compounds amount
3 J5 1) 4 FIEFUIER RS HWE Upset
Fig.3 Upset plot of volatile metabolites in four cultures

of J5

F2 1 ATHL BEAE 4 FPIESRY e & 2
SR XM P EEE S s, M (11.476£1.304)
pg/mL, PDA FPEEE S HRAR, N (5.216+0.602)
peg/mL, GL Fl HXM MR & 22 R A WE (P>
0.05), LFE 3-WHE-1-TE KEEAE 4 FikEFR
YA, 2- T e SN EEILAELE T PDA (GL
XM 3 FliEs I, 2- L3Ol 2,4 I
O 31 1 —2E W 1T R UAF
AT HXM Hr IS5 B ARBRIP R B (A B
BB G = b E & o, X 5
Shukla I HE —8, 3-HHE-1-TEMA L
MR L TR 0 AR ™ 20 A SCHR R 3 T
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G BT BTG %) TG A FH e 5 0, 33X e e 4 P A
J5 19 XM B h & i i s, 200 R (5.28240.389)
wg/mL F1(2.671£0.272)wg/mL, £ GL F1 HXM H
THIES (P>0.05), NEBEFRYH EREEE T
PRSI  f5E 1Y 22 5% 7T e 2 i B 2 1 BT 1 i
AIRH R 2E R PTEL
BRTE 4 MY S R 2R B3 GL

B2 & B e i, M (7.451£1.053) wg/mL, PDA XM
FHXM ERZE & B2 A B (P>0.05), LR
Bis NFR TR CMR TR . CR TR CFR TR . &
MR CBRTE 4 iR IAETE . PR R 3E
T 3IFAYERY T, HER AR E (P>
0.05), PRSI FZE R L BRAUIEAE T PDA |
GL XM H, LRI g R PElis | LR C R L LR
BRBRAAEAE T HXM H i 24 A Hef i Bl e = Ak 2
FITRZE X 5B AE R— 323 A w3
FEY T BES r f FRP 2S00 22 S5 0T AR AN A s
IRER T BR[N] 3Rk 2 S B

BRIEAAE 4 PR S 22 R R XM
HRR IS B R R, M (4.994+2.038 ) ug/mL, GL Al
HXM RIS o & 255 (P>0.05), SR
ROTEILLET A FIGFY D Bl -2 P |
MR- 2 B AN 2 H L B4 OV R AU A7 7E T HXM
R R EORIE T E R o A s A T A
D 2 Y S TR R RORHE B 1 B i e
W o i ARE2E 5, BIL =k 2Rk & e
PR L FE2ER,

4 FhEE R PRGN R 2 FhEYR, KRB AT T
XM HI HXM H 4 - 2 0 8 8 A K By AU A7F 7 F
HXM 1, 3EFRY Py ml ek A R R | 76
IS EHI N RAL B 2, GL PR A i 2, 7T B
2 TR SRR HUY TR R B i AR, 5 )5 AN RN
B SR T T R A A T 2

4 FhEEFRY P AU R 2 FRERZE , XM P AKS:
M E| R 25, PDA kI 2] T 2-H & T2 ,GL M
HXM PGS T C2, 4 SR PDA R
R B2 A2  HXM e i S i m THEAY
Kigvly, KifRWh e 2T ek H TR YR
f][:Z][SS—%]O
2.4 47 J5 BEFRYHER RN ERIES T

FIH PCA 1 32 L4345 43 B AT WAL AS ] 35 77

Y A = 0 25 5 a5 R R 4 B,
K4 v, FERUT PR ET 2 A RS RE S
ffRE 74.05% 178 5 4 PR SR BEIX 4R 3 4,
Horft GL FI XM 7E4 & AR ™ Py L8k X 53—
A, B =35 B s B AR T HXM B 5 X331
F GL Al XM, R ST (1 —2H o 5802 % FH A R
T JORE, T /N7 SR Bl o DRk A SRR )
DAET/INK B 55 4 2 2 e 0L B (il ot ) i mT A7 e
DR — 4 F A XM T HXML 1) S 22 S 4% 1k
R .

15 - Group
PDA
GL

® xm

for ® HXM

PC2(20.77%)

PC1(53.28%)

B4 ERDAWETE
Fig4 Scores of PCA

2.5 XM # HXM B KB EREZERE <%

K OPLS-DA ALK HE5] XM Fl HXM P
PG TR R A=) ER 225 Kl Sa s
T A5 2 A RS RS R 86.36% 11
RS RN IRIZESS 1 R FREI] B IX 4> K
WL, FIE Sh ATAL EEST AR R 2 AN IERE AR
SR, ZAALE) R, A 0.801,R% 1 0.987,0° A
0.980, Ut B A 5 S 7E 2 245 R A=)
REME R (E o B, IR HAG A% T AR U,
OPLS-DA #5581 34845 40 Fp 4% 5% rp 75 2 o 2
(Variable importance in projection, VIP) >1 H 7%
25 0 R DG 25 R R AR

Hix 40 A B S EARELL, 2 B A
(1 6), ¥ Rets -1 KR AFE Ak & P 7E w5 A
REFEWIH Y OAV A1 ROAV 1M T35 2,

AL 6 AT HXM UL 55 1 BES v e L O
Pt SEPE 2-HE—oEE 2,4- "I CORE 127
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Group 1.00 | _—
6T ® xM R
© HXM L
T S o7
=
°© v
N ¥ =E 050 |-
< or . g%
g 2t ] =1
~ 3
=2 025
A
4 L S}
0.0626
[ i i i i 0.00 I 00102 o.00648
10 5 0 5 10 pl ol
PC1 (80.1%) IEAZ FE WS
s e Orth 1 principal t
(d)*%ﬂﬂfﬁkﬁ4§=ﬁl§] ogonal ‘pl"llilclpﬁ components
(b) RS fif e

E 5 OPLS-DAERIER S E
Fig.5 Principal component of OPLS-DA

Mi—3-TEA 1- TR & T XM G 22 4%
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R IR, DA e 2 S R PR IR 2R 1Y 43
Bl 1, HXM 38 XM 54 20 OIRERZE, T

Fiff 2 ph S ek B S LR A R IR
& 1 b AL A FH T T B0, HE T 76 21/ oK B 57 2
Hh TS T TR R A R It ) I R VT BB R R L
HXM HoRAG IR £ 1 S % g , 7] g2 HXM o 3-
FH -1 T B () & = R 3k

HXM Frtd & i s 2 B3R U i 2~
BRER P W -2- Bk BRI R
T XM P2 S R MRS . HXM v B
1) ROAV>1, REZENFEAAY , T2 oTlik i i
AR 5 5T -2 - P B 1) ROAV =100, J& &< 51 ik fix
KR EACE =Y, FEoTmkd 5, HXM
FRORASIN EI] £ (I 2 RS T RO 2R k-2

F2 XM 5 HXM B X 8 ZE R4F & M7= 8 KUK HFAE
Table 2 Flavor character of primary volatile metabolites in XM and HXM culture
etk

OAV ROAV
ot & ALY Rk 4 A0
(pggml) XM HXM XM HXM

57 B 9.7879 0.0063 — 0.0003 — Bk ARLVER
¥ 0.1502 — 0.5655 — 0.0643 ZeBe A5 A #er g
B 0.0056 — 85.1806 — 9.6834 HIE i Btk Mg #ek Rek A
F 8 0.1258 — 1.1332 — 0.1288 F3E pe ok BT BOL B
2-T A E 25.4822 — 0.0018 — 0.0002 F3# Kt
1-FH-3-8% 0.0015 29.7821  110.4666 1.5096  12.5581 FHIE A F hig EH
|-+5 0.0455 — 0.9667 — 0.1099 F3 X3 b L E BT
LB R B 0.00015  1566.2076 — 79.3874 — HE R #k
FBR T B% 0.01 36.6241 72039  1.8564  0.8190 Rk FEa&T FEA FE EA,
8RB FRIFEABR AT HANST FE
LB KB 0.043 — 1.2825 — 0.1458 #Z& Rk HHE
LB TBE 0.115 — 1.2140 — 0.1380 ¥R Hok FE FE ER F RA
LB BB 0.42 — 0.1092 — 0.0124 & #8 KR KR BBE 2 FE
TR T B 0.058 9.0407 21.7173 04582 24689 Rk 2& F# 3L
3 ALk B TR B 0.03 — 0.4778 — 0.0543  Rghy Bsok
Z1%4m 0.014 11.8951 — 0.6029 — b b LA
-k TEs 0.001  1972.8678 — 100 — T 4=
3-WRTEE 0.0011  1457.6379 59.7195 73.8842 6.7890 #LF 754N k3¥F
RBE 0.012 2.3397 — 0.1186 — O RR EF FHR RABR H=
2-FH-2-T Wit EIEIN ok
TR A Bk T vk Rk FE
2-F 1 3R T 0.92 — 0.0441 — 0.0050 %7
2- B BR 0.14 — 0.2634 — 0.0299 #F FEA #ek KA Rk
BB 0.0028 — 12.1015 — 13757 MHAG Mgl A GBS BE FE
N2 B M B 0.000025 — 879.6473 — 100 #H%
M B 0.0097 — 5.5506 — 0.6310 AT AT BEA il ik ek Sl
R B 0.75089 0.0948 04021  0.0048  0.0457 HA= R B B4R
A-THF Ao KBy 0.2903 — 0.1885 — 0.0214 WE TH 4
T 0.89 — 0.6648 — 0.0756 4384 Bivk Hek
2- % I vk vl 0.0058 — 33.6829 — 3.8291 % KRR FE HEERL

TE A SCHR A AR 1 1 (BB L me/kg BB, pg/mL DATTABTHE “—" SRR AR A
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Table 3 Flavor character of compounds in XM and HXM culture with significant difference in content (VIP<1)

P A K 1H OAV ROAV -
1453/ (wg/mL) XM HXM XM HXM
KB 0.5642 47338 2.3705 0.2400 0.2695 B oA
3-FA-1-TH 0.0040 1 320.5354 774.1638 66.9643 88.0084 KR GtE
RGP XA S 0.3501 0.3022 0.6778 0.0153 0.0770 BT MM T
vy AR bk 2.5250 0.0583 0.1099 0.0029 0.01245 5% T BR
g 58.5853 0.0019 0.0042 9.5233x10° 0.0005 Bk
3 ZEit A, CBE  CR T TR BRI 3

W% A PRI B (Clavispora lusitaniae J5) &
— R AT PP D Re R AR ERIB I B, B 1 PDA (GL,
XM F1 HXM 4 Ffr 3% 3524 v 4 AR 7= 40 i) el
KA A, 4 FpssgRy b S E] 7 2%
65 PR AR Y, ALHEmEE 14 Bl HEE 18
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M
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M, BN Rir BAAAHRIPE, XM FHXM )
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H. Flavornet and human odor

Analysis of Volatile Metabolites in Different Cultures of Clavispora lusitaniae J5

XU Bin', LIU Yugqi', SONG Jinbo', LI Yixiao',

WU Huazhi',

LI Huixing”, ZHANG Jianhui?, LI Gang’

(’School of Biological and Chemical Engineering, Nanyang Institute of Technology, Nanyang 473004, Henan
ZShedianlaojiu Co., Ltd., Nanyang 473004, Henan)

Volatile metabolites of Clavispora lusitaniae J5 in different culture were studied. The extracts of potatoes,

sorghum, wheat, and red millet were used as the culture medium to cultivate Clavispora lusitaniae J5. The volatile

metabolites were investigated by means of headspace solid —phase microextraction —two dimensional gas chromatography

quadrupole time—of —flight mass spectrometry, and analyzed by chemometric methods. A total of 65 volatile compounds

were detected in cultures of Clavispora lusitaniae J5. There was greater abundance of volatile components in HXM, and

greater total concentration of volatile components in XM. There was no significant difference in the concentration of

ethanol, ethyl hexanoate, ethyl octanoate, phenylethyl acetate, acetaldehyde and ethyl heptanoate among the three types

of grain cultures. 40 Key volatile metabolites with variable importance in projection (VIP)>1 and significant differences in

content were obtained by the orthogonal partial least—squares regression discriminant analysis model, as well as 5 volatile

metabolites with significant differences in content with VIP<1. Hexanol, butyl acetate, heptanal, 3-methylbutanal, 2-
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pentyl furan, l-octen-3-ol, 3-methyl-1-butanol, cis—2-heptanal were the important aroma compounds with relative odor
activity values (ROAV)>1 in the culture of HXM. Although they were different from the important aroma compounds in
the culture of XM, they were common aroma components in fermented wine. Therefore, it is feasible to cultivate Clavis-
pora lusitaniae J5 with red millet for enhancing the aroma of the red-millet Huangjiu.

Keywords Clavispora lusitaniae ; culture; volatile; metabolites; odour active



