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B E: (0] ARNEFRGBELABRERY 9 BF2) 6 2 MEZIBRE Lactobacillus
homohiochii XJ-L1 #= Lactobacillus buchneri XJ-12 3t 271 &) i & 0% o BRaE A M EK A ,
FREZAAAEERSELF R QB R0, [Fk] E6W0E FlfleL i ZRMRT L
homohiochii XJ-L1 #= L. buchneri XJ-L2 3t BRi% % A M BEAR & K 697 0f , 18 T3 4h32 Fofn b33 Sk
P Rt ey e, AR 2 ML ILEBR B xt £ B mRaE B A oA Al XKl 4 ad o, (45 R]) L.
buchneri XJ-L2 864537 4| 3 ¥ 3 384T # (Bacillus amyloliquefaciens XJ-B1, Bacillus subtilis XJ-B2,
Bacillus licheniformis XJ-B3). 5 #& 1 (Aspergillus oryzae XJ-M1, Aspergillus niger XJ-M2,
Aspergillus flavus XJ-M3, Aspergillus albicans XJ-M4, Rhizopus oryzae XJ-M5). 2 *hB¢4&
(Schizosaccharomyces pombe XJ-Y4, Geotrichum candidum XJ-Y5)89 % K; L. homohiochii XJ-L1
Fa L. buchneri XJ-L2 95483t 3 #k £ 284 (Saccharomyces cerevisiae XJ-Y1, Zygosaccharomyces
bailii XJ-Y2, Pichia galeiformis XJ-Y3)#9 A K, FI R RE LB K. BF L. B K F KRty i o9 Kadt.
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Impacts of two main lactic acid bacteria on microbial communities
during Chinese Maotai-flavor liquor fermentation
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Abstract: [Objective] Objectives of this study were to investigate the impacts of two major lactic acid
bacteria (L. homohiochii XJ-L1 and L. buchneri XJ-L2) on the microbial communities and flavor
quality of Chinese Maotai-flavor liquor. [Methods] Bacteriostatic tests in vifro and mixed culture
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fermentation were carried out to investigate the interactions between main lactic acid bacteria and the
other major microorganisms during fermentation. [Results] L. buchneri XJ-L2 could inhibit the growth
of three Bacillus strains (B. amyloliquefaciens XJ-B1, B. subtilis XJ-B2, B. licheniformis XJ-B3), five
mold strains (4. oryzae XJ-M1, A. niger XJ-M2, A. flavus XJ-M3, A. albicans XJ-M4, R. oryzae
XJ-M5) and two yeasts (Sc. pombe XJ-Y4, G. candidum XJ-YS5). L. homohiochii XJ-L1 and L.
buchneri XJ-L2 could promote the growth of three main yeasts (S. cerevisiae XJ-Y1, Z. bailii XJ-Y2,
P. galeiformis XJ-Y3), and benefited for the production of acids, alcohols, esters etc. [Conclusion] The
two main lactic acid bacteria, L. homohiochii XJ-L1 and L. buchneri XJ-L2, could maintain the
ecological status of the main yeasts in the fermentation process through promoting the growth of three
main yeasts and inhibiting bacillus, mold and few yeasts (L. buchneri XJ-L2 was more obvious). In
addition, lactic acid bacteria affected the formation of acids, alcohols, esters and other flavor
compounds and benefited for Maotai-flavor liquor fermentation. The appropriate proportion of lactic
acid bacteria could enhance the balance of fermentation microflora. It is significant for the aroma
production of Chinese Maotai-flavor liquor.
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1 MRS hE
1.1 ##

1.1.1 BE#: FA®E: Lactobacillus homohiochii
XJ-L1 . Lactobacillus buchneri XJ-L2 ; B+ .
Saccharomyces cerevisiae XJ-Y'1.Zygosaccharomyces
bailii  XJ-Y2 . Pichia galeiformis XIJ-Y3 |
Schizosaccharomyces pombe XJ-Y4 . Geotrichum
candidum XJ-Y5. Pichia membranifaciens XJ-Y6 .
Issatchenkia orientalis XJ-Y7; K& . Bacillus
amyloliquefaciens XJ-B1. Bacillus subtilis XJ-B2 .
Bacillus licheniformis XJ-B3 ; %% 14 : Aspergillus
oryzae XJ-M1 . Aspergillus niger XJ-M2 ., Aspergillus
Sflavus XJ-M3 | Aspergillus albicans XJ-M4 . Rhizopus
oryzae XJ-M5; FITA BRI 385 A [F]— S X i
T 7 Y LI 0 R R A A - i R

1.1.2 HERIEFE: MRS iR, BHRE . &
W B Oxoid 22 F]; PDA Kigrdk ., @&ALEn. Jok
MR, FLRR . B BUERI A 2R
MALE)ABRAF; AT HPLC il GC-MS MIFLIR .
CFE . AR BERR TSN, W BRY (i
%, WA Sigma /3 F .

RIS E R Rk =1:4 (FUR AR, JvE
FylizE AL, IR RER L, IR, R
JEZ 10 °Bx.

1.1.3 EEZNHFMgEF: RAKFHHHBUG BOX)
Wy F &[5 Ruskinn 23 7] 5 5 mm HALEB LA A
bt A= YR A PR\ 5 Corning Transwell
12 FLANEES SRR B Corming W] FEbR{E H
Thermo 2y &) ; pH 1114 H Mettler Toledo 23 7] ; #E7
BH UG H R Autoscience 23l 3 AR (A

AL Agilent 1200 FI14THH 3% BT B FH AL GC
6890N-MSD 5975 ¥l F 2 [ Agilent A F]
1.2 LWHE
1.2.1 HDEESRLG: (1) FTLIEAINZLER GO 2 B A
TERE MR . 22 M8 Schillinger 25Uy vk, T6
W R BRI %5 . L. homohiochii XJ-L1 1 L. buchneri
XJ-L2 W 3L 1% BT 4 mL O
MRS ¥ 2,37 cC IREM P HE B % 4 d,
12 000 r/min 5.0 10 min B3, 0.22 pm 7K &4k
KUEARILE, RIS BN A LR TR O K B . F
A N 24 T R PR B 1 o - R 0 T A B 3R 7K (0.9%
NaCFi Bl S A54C, 709046 T LB Al YPD ~F-4it,
FE 1 h JSHTHL, TR AR ALLY, EEE
FR(AE 12 h, BERE48 hy, 5258 Ol AR
AR,

(2) BUJZF- AR 5 6 00 7L 7R T Xo) 2 Tl ) 410 o
P ZM8 Magnusson 25U 953%  REE AN MRS
SEMR, BF L. homohiochii XJ-L1 F1 L. buchneri XJ-L2
TETARPIIN 5 HERIZR, 37 °C REEGE TR 4 d.
LR B 0.7% M R BUE L AIRE , 1310° Pa
K 30 min, BHIZE 50 °C, PHESHAMH TR
INAGRAE T IF IR GRS R IR 2 A L, B
S LMl IR ) A, 08 30 min F _LZETAR
BERE, 30 °C IE'EHEFE 3 d, MERE A KN,
122 BEABIIW: IR 2 HRIEBIARE L
homohiochii XJ-L1 Fll L. buchneri XJ-L2, 5 3 #f3
PWERE S, cerevisiae XJ-Y1. Z. bailii XJ-Y2 Fl P.
galeiformis XJ-Y3, WG KBE . BRIV LB
R . R Stadie 2" {# FHAY Coning Transwell
GIRRG . KRS R SR IR T R B,
HRECPA 2 h, K FLRR T 5 ERE R A% 121 1y el
SR Transwell #ixENHILA, HIMHER
B3 AT, DR FRA XTI, 30 °C #hE B R
3d, [A1F% 24 h BURE, DU FLRR R AIFERE ODgoo, HE
BHARIE
123 FEREH CEEM Z S8 FE T Z
NI (1) FLRRE R LB A2 P77 MRS KR
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LEERPE M50 0. 2%, 4% 6% 8%. 10%. 12%,
R L. homohiochii XJ-L1 F1 L. buchneri XJ-L2
(1%), 37 °C JREFHHHE 3G FF 48 h, WXE ODgoo LLEL
HARKAE,

() BERFRYFLIRIN 321 . FLRRTH Y YPD JiALs

FH pH 4 2.0.3.0.4.0. 5.0, 6.0, $&Fh S. cerevisiae
XJ-Y'1.Z. bailii XJ-Y2 F P. galeiformis XJ-Y3 (1%),
30 °C., 200 r/min $£RE5FF 24 h, ME ODgoo HLEEH:
AR
1.2.4 FLERFNZEERGAEN: {1 HPLC ()7 Al
RN A KRR P IR M OB & i, S0
kS WSCHk (11,191, 3L A o il 4 o
1=0.002 853x+0.005 389, R2=0.999, x AU
R,y NFLER W E (g/L). ZEEAREM L N .
$=0.000 003x+0.002, R*=0.998, x MU, y H
LRI (g/L)
1.2.5 EXR MK BRAYHEN : i ] SPME GC-MS
o I 2 455 52 FITR A R AR R R R PR AR I D 1
W, HIESEIGER20]; HAEE(100.00 mg/L)TER
AR

2 GRESM
2.1 MBIABRENEFZREREIIZIIER

SIATT T DN A A T R T I v A O e 3
) 2 WRUEAFLBRE L. homohiochii XJ-L1 Fl L.
buchneri XJ-L2 , % M [a)— & BRI v 43 B i e 3] 14
R et Y (4G 7 RRBERE . 3 RRZEAIFT AN 5
PREEBR ) A K BB, DARRSE FLIR R 7R IR Tk
YK R rEH]

M 1., 2 A, L. homohiochii XJ-L1 ik 7
PRIFERE | 3 BRANDEAN 5 MREs R 1Y A R TCImiIvE T 5
1M L. buchneri XJ-L2 X} 7 ¥REEREH Y 2 ¥R (Sc. pombe
XJ-Y4. G. candidum XI-Y5)LA K 3 BREFAIFF A 5
S B A0 2 KA I (18T 1) o AR S AT A )
MBS, L. homohiochii FE7E T4 K R, M
L. buchneri {UFFET ZlE I, HAE )2 &R
Bl ESER TP T2, &5 HMBEY R ES
KRG HAEA Y R W 8 i s A48 2 A A

L. buchneri XJ-L2 B4 HIVE AT 57 - A= 0t

F1 2 RFLBRE XA E B B A IR

Table 1 Inhibition of two lactic acid bacteria strains to Bacillus and yeasts

) | SEIGTR zs X E\E\
25 TR L. buchneri XJ-L2 L. homohiochii XJ-L1 2R
Classes Experimental strains Blank control
i S. cerevisiae XJ-Y 1 = = =
Yeast Z. bailii XJ-Y2 - - -

P. galeiformis XJ-Y3
Sc. pombe XJ-Y4
G. candidum XJ-Y5
P. membranifaciens XJ-Y6
1. orientalis XJ-Y7
IHEH B. amyloliquefaciens XJ-B1
Bacteria

B. subtilis XJ-B2

B. licheniformis XJ-B3

< — —

4 — —

e - TTEREL v MTARREAR 0.2-0.3 om; ++: FITEEREAERT 0.3 om.

Note: —: No inhibition zone; +: The radius of inhibition zone was from 0.2 to 0.3 cm; ++: The radius of inhibition zone was greater than

0.3 cm.
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Table 2 Inhibition of two lactic acid bacteria strains to
mold

51 S PR A L. buchneri L. homohiochii
Classes  Experimental strains XJ-L2 XJ-L1
A. oryzae XJ-M1 + —
A. niger XJ-M2 + =
o A XJ-M3 4
Mold . flavus XJ-
A. albicans XJ-M4 4 =
R. oryzae XJ-M5 ¥ -

F: - IR XEG + AR XL
Note: —: No inhibition; +: Inhibition.

HAERK, A TARREREY X RV, SCkE
HWoBEZFh R EAEEH, L. buchneri BEWGINHI ZFP 4
ICPHYER . Fs [RBAME R A B A1, gk
B R R e, /o, BFFE & L. homohiochii
XJ-L1 I L. buchneri XJ-L2 Xf EZERHEEEE S.
cerevisiae XI-Y1 ¥TCMEIVER . EWRE, LI S,

cerevisiae A F ¥ A T K2 T RE R 7 1
OB R R BT A e
[ LR B S R R R0, FLRR R RE WS 1 R fk
BB e R A KB R, R TST L.
homohiochii XJ-L1 Fl L. buchneri XJ-L2 X} H
A WD F RIS, Wi —20 T LR
PR Tl A R A %) 5 T ELA i 3 S
22 MBIARESEEVREESEEER

2 HRILIRIE S 3 PR RRAG AR A 3G 75 20
KRR gt 5 aNZ% 3 s o SliRESR ML SR 450 N
BEFZLIR I A KAFOL AN & 2 F1EL 3 B

AR FR AL, 2 BRFLRR WX 3 PRIFEREAY 4R
KWHMRIEER, H L. buchneri XJ-L2 WE3E/EH
8 L. homohiochi XJ-L1 FH&.(Kl 2). P. galeiformis
XJ-Y3 fei#t T 2 BRALRE AR, 1 S. cerevisiae
XJ-Y1 W6 T 2 RELBRE LR, Z. bailii XI-Y2
XF 2 BRFLFR B ) AR K TC B AR (8] 3) o iX Al AH BAE
FHRRM 2R, SRR QBT MFLRRE N &

Bl 1 L. buchneri XJ-L2 WM E. BEINSENINFHIFTR

Figure 1 Inhibition of L. buchneri XJ-L2 to Bacillus, yeasts and mold
H: A: B. licheniformis XJ-B3; B: B.subtilis XJ-B2; C: B. amyloliquefaciens XJ-B1; D: Sc. pombe XJ-Y4; E: G. candidum XJ-Y5;

F: R.oryzae XJ-M5; G: A. albicans XJ-M4; H: A. niger XJ-M2; 1: A. flavus XJ-M3; J: A. oryzae XJ-M1. A—E G FE ) fL
B TE B MRS 5532 028 AR, A4 3 NLPE L. buchneri XI-L2 BITCH KR, F-) BIEZ AN N L. homohiochii

XJ-L1, ZEfk L. buchneri XJ-L2.

Note: A: B. licheniformis XJ-B3; B: B. subtilis XJ-B2; C: B. amyloliquefaciens XJ-B1; D: Sc. pombe XJ-Y4; E: G. candidum XJ-Y5;
F: R. oryzae XJ-MS5; G: A. albicans XJ-M4; H: A. niger XJ-M2; I: A. flavus XJ-M3; J: A. oryzae XJ-M1. A—E: MRS was in one of four holes
and L. buchneri XJ-L2 was in three others. Left of F—J was L. buchneri XJ-L2 and right of F—J was L. homohiochii XJ-L1.
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Table 3 Number for pure culture and co-culture of

two lactic acid bacteria strains and three yeasts

MR 2 RE A . DT ST FLAR IR A9 £ it 52 R A
P RR TR A FLRRIN 32, PT L IR IR A2 P4 1 i —
A T LR AN B TR 45 15 50 I W 6 e A

PO R=2 L. homohiochii L. buchneri
Number XJ-L1 XJ-L2 E/JJE O
X N 23 EEMIBRMIEHMIRENCEMZMHE
23
P. galeiformis XJ-Y3 Y1 X1 N1 5
Z. bailii XJ-Y2 Y2 X2 N2 M 4A ATHN, B C Bk B, 2 PRILIRTA
S. cerevisiae XJ-Y1 Y9 X9 N9 H KA RIFREE T, L. homohiochii XJ-11 1E 2.1
A B
25 +Yl 25 r o Y2
——x1 —— X2 A
20 F gy 20 P 0 N2
S L5 - = 1.5 +
Q S
Q Q
1.0 + Q 1.0 F
0.5 05 f
0.0 L - 0.0 . I . L . .
0 1 2 0 1 2 3
1(d) £ (d)
C
40 r—@— Y9 =
—— x9
3.0 F N9 -
8 2.0
1.0
0 . .
0 2 3
t(d)

B2 S@EFMHERFERPBRESEMEKTUER
Figure 2 The growth change of yeasts in pure culture and co-culture systems
W YL: P.galeiformis XJ-Y3 [W4li$%3%; X1: P. galeiformis XJ-Y3 Fl L. homohiochii XJ-L1 33535, N1: P. galeiformis XJ-Y3 Fl
L. buchneri XJ-L2 WE155%, Y21 Z bailii XJ-Y2 W4li5555%; X2 Z. bailii XJ-Y2 F1 L. homohiochii XJ-L1 B3LEE555%; N2: Z. bailii XI-Y2
M L. buchneri XJ-L2 WILE: 55 Y9: S. cerevisiae XJ-Y1 45 55; X9: S. cerevisiae XJ-Y1 Fl L. homohiochii XJ-L1 335, N9.
S. cerevisiae XJ-Y1 F L. buchneri XJ-L2 3R 5%,

Note: Y1: Pure culture of P. galeiformis XJ-Y3; X1: Co-culture of P. galeiformis XJ-Y3 and L. homohiochii XJ-L1; N1: Co-culture of P.
galeiformis XJ-Y3 and L. buchneri XJ-L2; Y2: Pure culture of Z. bailii XJ-Y2; X2: Co-culture of Z. bailii XJ-Y2 and L. homohiochii XJ-L1,
N2: Co-culture of Z. bailii XJ-Y2 and L. buchneri XJ-L2; Y9: Pure culture of S. cerevisiae XJ-Y1; X9: Co-culture of S. cerevisiae XJ-Y1 and
L. homohiochii XJ-L1; N9: Co-culture of S. cerevisiae XJ-Y1 and L. buchneri XJ-L2.
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B3 aERftERaRP A BRENEKEEER
Figure 3 The growth change of lactic acid bacteria in pure culture and co-culture systems

7 X L. homohiochii XJ-L1 W4EEEFE ;X1 P. galeiformis XJ-Y3 Fl L. homohiochii XJ-L1 B8535 X2 Z. bailii XJ-Y2 F L. homohiochii
XJ-L1 W3R 5% 5 X9 S. cerevisiae XI-Y1 F1 L. homohiochii XJ-L1 38535 ; N L. buchneri XJ-L2 [A4i5557 ; N1 P. galeiformis XJ-Y3
L. buchneri XJ-L2 HFER53E; N2 Z. bailii XI-Y2 F1 L. buchneri XJ-L2 B335, N9 S. cerevisiae XIJ-Y1 F L. buchneri XJ-L2 1)
EISRE

Note: X: Pure culture of L. homohiochii XJ-L1; X1: Co-culture of P. galeiformis XJ-Y3 and L. homohiochii XJ-L1; X2: Co-culture of Z.
bailii XJ-Y2 and L. homohiochii XJ-L1; X9: Co-culture of S. cerevisiae XJ-Y1 and L. homohiochii XJ-L1; N: Pure culture of L. buchneri

XJ-L2; N1: Co-culture of P. galeiformis XJ-Y3 and L. buchneri XJ-L2; N2: Co-culture of Z. bailii XJ-Y2 and L. buchneri XJ-L2; N9:
Co-culture of S. cerevisiae XJ-Y'1 and L. buchneri XJ-L2.

A B
I Y1
i 3.0 Y2 ) % @
- Y9
% e =N %EE§
7, L = =
: q | eElE
N S =4 =\l E\] =
% % 0 — = = =
N . | |
N IS )
4 6 8 10 12 2.0 3.0 4.0 5.0 6.0
The concentration of ethanol (%) pH
B4 FERENZESEMEGR IS HER

Figure 4 Ethanol tolerance of two lactic acid bacteria strains and lactic acid tolerance of three yeasts
He Ar 2 BRFLIRE A O BEMN 5205 B 3 BRI REFLERIN 215 N: L. buchneri XJ-L2 BY4E¥53%; X L. homohiochii XJ-L1 H4EE SR
Y1: P.galeiformis XJ-Y3 (2i3555%; Y2: Z. bailii XI-Y2 BIZEREFE; Y9: S. cerevisiae XI-Y1 B4,
Note: A: Ethanol tolerance of two lactic acid bacteria; B: Lactic acid tolerance of three yeasts. N: Pure culture of L. buchneri XJ-L2; X: Pure

culture of L. homohiochii XJ-L1; Y1: Pure culture of P. galeiformis XJ-Y3; Y2: Pure culture of Z. bailii XJ-Y2; Y9: Pure culture of S.
cerevisiae XJ-Y1.
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W N 8%t S AN, L. buchneri XJ-L2 1£ L1
WRE A 10%HH LA K, Ui 2 MRFLBR B X £ 8%
HARWMNZIE. Hit, BRI r
LA FLRR A A, mEAY h
RIS E IR e e dEZLRR A 1) A 1 th &1 4B
AT, pH A 3.0 I 3 BRIERRATIRE R 52 2558 , 1] Z. bailii
XJ-Y2 7€ pH 24 5.0 By AE K4 pH K 6.0 BHEF, 53
Hh 2 BEBEEEZE pH Sy 5.0 BHIHAE Kt A 37 31 B 4
i, ULRALL 3 BRI B B FLRR N 2 .
U, FLEREAARE = b LARLIR R 32 i PR A e
HlEEREA K, O ) S5 R R SRR A E T B R0 2R
Ko BT B EEREXT ZLRR A 19 2L AL R L) S 7
R B X TR (14 7= ) £ B 24 HLAG S5t () T 32

24 HEFURZDIIREMBEEREMMKILEE
RGP R 220

Ry 56 U P B () ik £ B RE ) A0 LR TR 1Y) i L IRR
feJ1, BRI 3 KRB RIHE A Gk ZR T
FLIR TR AN RENT 2 A FE 2 = w52, AT
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Figure 5 The concentration of ethanol and lactic acid in pure culture and co-culture systems
e A AEEFEAILEFRIR R P ORES R 1. P. galeiformis XI-Y3 WAEREFRAILREFRIRR s 20 Z. bailii XI-Y2 B4R FEMILEE TR
% 3: S cerevisiae XJ-Y1 WA IR MALRE IR R, B: Al g2 MG R R 3R & 1: L. homohiochii XJ-L1 By 4li3s 3% fdtis
TR FR 52 L. buchneri XI-L2 2SR MILEE IR R . Y1 P. galeiformis XI-Y3 W4EEE5E ;Y2 : Z. bailii XI-Y2 [H21555 ;Y9 S. cerevisiae
XJ-Y1 By&iisE3%; X1: P. galeiformis XJ-Y3 Fl L. homohiochii XJ-L1 B3E853%; X2: Z. bailii XJ-Y2 F1 L. homohiochii XJ-L1 f3ERs
F; X9: S. cerevisiae XJ-Y1 Fl L. homohiochii XJ-L1 WJFLEEFE; N1: P. galeiformis XJ-Y3 Fl L. buchneri XJ-L2 BFLRE3% 5 N2+ Z. bailii
XJ-Y2 F1 L. buchneri XJ-L2 B93L853%; NO: S. cerevisiae XJ-Y1 Fl L. buchneri XIJ-L2 B93L3%53%; N: L. buchneri XJ-L2 4555, X
L. homohiochii XJ-L1 [Y4lE5FE.

Note: A: The concentration of ethanol in pure culture and co-culture systems; 1: Pure culture and co-culture systems of P. galeiformis XJ-Y3;
2: Pure culture and co-culture systems of Z. bailii XJ-Y2; 3: Pure culture and co-culture systems of S. cerevisiae XJ-Y1. B: The
concentration of lactic acid in pure culture and co-culture systems; 1: Pure culture and co-culture systems of L. homohiochii XJ-L1; 2: Pure

culture and co-culture systems of L. buchneri XJ-L2. Y1: Pure culture of P. galeiformis XJ-Y3; Y2: Pure culture of Z. bailii XJ-Y2; Y9: Pure

culture of S. cerevisiae XJ-Y1; X1: Co-culture of P. galeiformis XJ-Y3 and L. homohiochii XJ-L1; X2: Co-culture of Z. bailii XJ-Y2 and L.

homohiochii XJ-L1; X9: Co-culture of S. cerevisiae XJ-Y1 and L. homohiochii XJ-L1; N1: Co-culture of P. galeiformis XJ-Y3 and L.

buchneri XJ-L2; N2: Co-culture of Z. bailii XJ-Y2 and L. buchneri XJ-L2; N9: Co-culture of S. cerevisiae XJ-Y1 and L. buchneri XJ-L2; N:

Pure culture of L. buchneri XJ-L2; X: Pure culture of L. homohiochii XJ-L1.
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Figure 6 Heat map of volatile flavor substances in the pure culture and co-culture systems of
two lactic acid bacteria strains and three yeast strains

Note: N: Pure culture of L. buchneri XJ-L2; X: Pure culture of L. homohiochii XJ-L1; Y1: Pure culture of P. galeiformis XJ-Y3; N1:
Co-culture of P. galeiformis XJ-Y3 and L. buchneri XJ-L2; X1: Co-culture of P. galeiformis XJ-Y3 and L. homohiochii XJ-L1; Y2: Pure
culture of Z. bailii XJ-Y2; N2: Co-culture of Z. bailii XJ-Y2 and L. buchneri XJ-L2; X2: Co-culture of Z. bailii XJ-Y2 and L. homohiochii
XJ-L1; Y9: Pure culture of S. cerevisiae XJ-Y1; N9: Co-culture of S. cerevisiae XJ-Y1 and L. buchneri XJ-L2; X9: Co-culture of S.
cerevisiae XJ-Y1 and L. homohiochii XJ-L1; X1: Acetic acid; X2: Butanoic acid; X3: Hexanoic acid; X4: 3,5-Dimethyl-benzaldehyde ; X5:
2-Octanol; X6: Benzaldehyde; X7: 4-Methyl-pentanoic acid; X8: 2,3-Butanedione; X9: 2,3-Dihydro-benzofuran; X10: 2-Methoxy-phenol;
X11: 3-Hydroxy-2-butanone; X12: Heptanoic acid; X13: 4-Ethyl-2-methoxy-phenol; X14: 2-Furanmethanol; X15: 2-Heptanone; X16:
2-Nonanone; X17: Octanoic acid; X18: Ethyl octanoate; X19: n-Decanoic acid; X20: Ethyl nonanoate; X21: 2-Methyl-1-propanol; X22:
Ethyl acetate; X23: Ethyl heptanoate; X24: 3-(Methylthio)-1-propanol; X25: 3-Methyl-1-butanol; X26: Ethyl benzeneacetate; X27:
1-Hexanol; X28: Dihydro-5-pentyl-2(3H)-furanone; X29: 2-Methyl-1-butanol; X30: 2-Phenylethyl acetate; X31: 3-Methyl-1-butanol; X32:
Phenylethyl alcohol; X33: Phenol; X34: 1-Octanol; X35: 1-Heptanol; X36: Ethyl decanoate; X37: Ethyl 9-decenoate; X38: Nonanoic acid;
X39: 2-Ethyl-1-hexanol; X40: 3-Ethyl-3-heptanol; X41: 1-Nonanol; X42: Benzyl alcohol; X43: 2-Nonanol; X44: 2-Undecanol.
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