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Relationship between typical yeasts and Lactobacillus
acetotoleransin multi-grain strong aroma Baijiu

ZHANG Xia ZHENGJia ZHAODong QIAO Zong-Wei AN Ming-Zhe
YANG Kang-Zhuo LUO Qing-Chun

Wouliangye Yibin Co. Ltd., Yibin, Sichuan 644007, China

Abstract: [Background] Synergetic metabolism of multi-microbial strains is one of the essential feature
of fermentation process for Chinese strong aroma Baijiu. [Objective] To study the relationship between
functional microbial organisms in the fermentation process of multi-grain strong aroma Baijiu, which
could provided theoretical references for optimization of fermentation process. [Methods] The typica
yeasts and Lactobacillus acetotolerans in the fermentation process of multi-grain strong aroma Baijiu were
isolated by culture-dependent method, and the relationship between these yeasts and L. acetotolerans
strains and variation of major volatile metabolites were also discussed. [Results] Three typical yeast
strains (Kazachstania humilis Z1, Pichia kudriavzevii Z2, Candida ethanolica Z3) and one Lactobacillus

Foundation item: National Key Research and Development Program of China (2016Y FD0400500)
*Corresponding author: E-mail: zhengwanqi86@163.com

Received: 13-12-2018; Accepted: 20-02-2019; Published online: 04-04-2019

EEWH: FEZHE LA TI(2016Y FD0400500)
*BIE1EE: E-mail: zhengwanqi86@163.com

WIS HEA: 2018-12-13; ¥ HHEA: 2019-02-20; M4 E % HEA: 2019-04-04



1572 A 2 A

Microbiol. China

acetotolerans strain (L. acetotolerans W) were isolated. The number of L. acetotolerans W in the
co-culture medium of K. humilis Z1 and L. acetotolerans W (Z1& W) was significantly less than that in the
single culture medium of L. acetotolerans W. All of three yeast strains could inhibit the lactic acid
production ability of L. acetotolerans W, and no lactic acid was produced in co-culture medium of Z1&W.
The volatile profile of single Z1 was similar with that in Z1&W. Obvious difference in volatile profile was
monitored between single Z2 and Z2& W, in which, concentrations of ethyl acetate and ethyl lactate in

Z2&W were sdgignificantly increased.

[Conclusion] Under the condition of co-culture system,

ethanol-producing yeast had inhibition effect on lactic acid metabolism of L. acetotolerans, and L.
acetotolerans had certain influence on ethanol metabolism of yeast. It was of great significance for the
quality control of multi-grain strong aroma Baijiu and its relationship with the microflora.

Keywords: Multi-grain strong aroma Baijiu, Yeast, Lactobacillus acetotolerans, Relationship
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Figurel The colony morphologiesand micromorphologies of yeast and Lactobacillus acetotolerans
Note: A, B, C and D stand for the colony morphology of L. acetotolerans, K. humilis, P. kudriavzevii and C. ethanolica; E, F, G and H
stand for the micromorphologies of L. acetotolerans, K. humilis, P. kudriavzevii and C. ethanolica.
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Tablel Physiological and biochemical tests of yeasts
JiE#) Substrate 71 72 73 JiE#) Substrate z1 72 73
FA4EXT HE Negative control - - - A-HZ-D-7i%b¥ a-Methyl-D-glucose - - -
Hi%H% Glucose + o+ o+ N-Z Pt B #4351 N-Acetylglucosamine = v @
Hih Glycerin + o+ - 24 — % Cellobiose = = =
2- il S AR L 2-K eto-gluconate = = | = FL¥E Lactose - -
L-BafH7F43 L-Arabinose = = | = M Maltose = = =
D-A B D-Xylose - - - WM Sucrose + = =
425 4E W% Adonitol = = | = T 3B Trehalose £ = =
AMEEE Xylitol - - - ¥A =M Pine trisaccharide - - -
D-3}: ¥} D-Galactose + - - #F#i Raffinose + = =
AILES Inositol - - = JE 5241856 Morphological test - - -
11174 Sorbitol — _ _
e o+ BHME; - BAME
Note: +: Positive; — Negative.
F 2 MERFAATRREERSE LHE
Table2 Physiological and biochemical tests of Lactobacillus acetotolerans
JiE4) Substrate W | JiE4) Substrate w
[ %t HE Negative control - Lt RAFEERR YL Esculin and ferric citrate +
T = Glycerol - K% H Sdicin &
TR EERE Erythritol - 24 — k¥ D-Cellobiose +
BRI D-Arabinose - 7 2k D-Maltose +
L-Brf 7 F43 L-Arabinose - LW D-Lactose i
D-# % D-Ribose + % B D-Melibiose -
D-AME D-Xylose - WEME D-Sucrose +
L-AHE L-Xylose - 1§ 5Bk D-Trehalose
D-#% ¥ D-Ribitol + 1 48 Indlin -
FH 3%-B-D- Mt I A B Methyl-B-D-pyranoside - A =Hi D-Melezitose i
D-£FL i D-Galactose + o fiTH D-Raffinose -
D-#i%j## D-Glucose + 0 ik Starch =
D- ¥ D-Fructose + iR Glycogen -
D-H 744 D-Mannose + 1 RHEEE Xylitol —
L-111%4¥8% L-Sorbose + 1 JpJH i D-Aentiobiose
FlZ=H# L-Rhamnose - + &4 D-Toulon sugar
7 Dulcitol - Sk b D-Lyxose -
JLEE Inositol E K D-Tagatose +
H #& i Mannitol A% D-Fucose -
11 Z4EE Sorbitol A BEHE L-Fucose -
FH - o-D-ML A H @2 8 M ethyl-a-D-mannopyranoside - B HAf1E D-Arbaitol -
FH B-o-D- i A 45 4 £ Methyl-a-D-glucopyranoside - Pl H7{ARE L-Arbaitol =
S A +

e o+ BHE; - BHME
Note: +: Positive; — Negative.
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Sr%E5E N K. humilis, P. kudriavzevii . C. ethanolica,
L. acetotolerans.
2.4 SEIEFFAEIEFR AR PR IR E KYFIE
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P B TR TN PR LA TR AR SB35 52 S X R, F SR S
Z IR FEILEE TR R T AR AR, DT o 1 R
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o B T Al B SR aG R L AT (W) L
(&1 3A), TR T 250 B S T 2l 0 5 1 B TR 2 o
(1 3B), il Z1& W HIE R BRI I T3 f R R,
K. humilis Z1 HAERKNH, AL FHRS L
acetotolerans W 1£%f; 3 KJa B 2 lig b, $Ea7
HATHET W,

[ Z1 (MK310150)
100 Kacachstania homilis (KY 102142, 1)

Kacachstania pseudohumilis (NR_I37720.1)
Pichia cecembensis (NR_153284.1)

100 | £2 (MK310151)
96' Pichia kudriavzevii (KY 108833.1)
Candida californica (NG_055093.1)

10 \_{ 73 (MK310152)
10 ' Candida ethanolica (NG _055103.1)
Lactobacilius gallinarum (NR_042111.1)

H
2

B2 EHRFRGLEHN
Figure2 Phylogenetictreeof strains

Lactobacitlus acetotolerans (NR_112683.1)
95| W (MK310149)
97! Lactobacitlus acetotolerans (1L.CO71813.1)

10 Laciobacillus acetotolerans (NR_044699.2)
j

T RABIEEN FERT 1%NBERTI R R R TR /33T N4 T Bootstrap fE (%), SRRFTRERRIEE, /33
FBE ARS8 SOR S AL 3% 43 2SI 44 AT NCBI %5 5
Note: Construction of a phylogenetic tree for strain sequences with abundance greater than 1% using the Neighbor-Joining method. The

number of the branch point is the molecular Bootstrap value (%), scale indicates nucleic acid distance, and branch length is similarity.
End of branch information contains species name of the classification and the NCBI accession number.
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Figure 3 The viable counts in single culture and
co-culture systems

Note: W: L. acetotolerans; Z1: K. humilis; Z2: P. kudriavzevii;
Z3: C. ethanolica; Z1&W: Co-culture of K. humilis with L.
acetotolerans; Z2&W: Co-culture of P. kudriavzevii with L.
acetotolerans;, Z3&W: Co-culture of C. ethanolica with L.
acetotolerans.

i/l 3A B4, P. kudriavzevii Z2 #i C. ethanolica
Z3 /755 L. acetotolerans W dL35%350t, 2 7 Kt
FRFLFT BB A B e KAE, Z2& W 1 Z3&W 431K
TR T LI (W) H IR I g 5 7 K3
RIEEEH, PRZA T BT W B B s Kk
P R, Z3&W TR R FLAT A A5 K Falids oz,
1M Z2&W i FRFLAT B A /N T2l 55 . Ul AE S
REFME (10 d LLUS) P. kudriavzevii Z2 (4 K52
FAHI

HAAEERE, K 3BH, B Z1&W HEEEH
FIBCR KT Z1 5k, Z2&W F1 Z3&W 4940 5I/NFH:
Yo I B ARG TR TR (22 1 Z3), B PAFE L A LR

Fr A ZR v AT B L LRI R P T IR TR A L SR A
AL,
25 SEFMEEFARPELIEIRATL
251 pH RABRTK

Pl 4 P B o S R LA TR 40 ol Al 57 At
KRR T pH FFLmR AR RS0, HilE 4A AT,
Z1&W SEREFR R K pH IR B URTERAR, 26 3K
JE BT A AR R dm pH 3.1 AR R b
pH 7E57 10 RZ RG22 RN s, 15d i, 46
LR PR AL IR BY pH (ERAR, Z2&W H pH fi
(27). BB RIS R ZLER I (K] 4B)u] A1,
ZI&W KRR, T 21 5 WIESR e K S
| W FEEAN R RIS AR, TEEAMAR
() pH A 4ERE7E pH 3.1 £ 47 (K 4A).

A
6.8

6.7F =
T 6.6k
32+
30t

2.8+
2.6+

Lactic acid content (g/L}

W Z1&W  72&W  73&W

B4 StEsrinEiEsRagRT pH (A)FIZLER(B)RITE 1L
Figure4 The viable count of pH (A) and lactic acid (B) in
single culture and co-cultur e systems

Note: W: L. acetotolerans; Z1: K. humilis; Z2: P. kudriavzevii;
Z3: C. ethanolica; Z1&W: Co-culture of K. humilis with L.
acetotolerans; Z2&W: Co-culture of P. kudriavzevii with L.
acetotolerans; Z3&W: Co-culture of C. ethanolica with L.
acetotolerans.
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Figure 5 The concentration of ethanol in single culture
and co-culture systems

Note: W: L. acetotolerans; Z1: K. humilis; Z2: P. kudriavzevii;
Z3: C. ethanolica; Z1&W: Co-culture of K. humilis with L.
acetotolerans; Z2&W: Co-culture of P. kudriavzevii with L.
acetotolerans; Z3&W: Co-culture of C. ethanolica with L.
acetotolerans.
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Figure6 Heat map of main volatile metabolites during single cultures and co-culture conditions
Note: W: L. acetotolerans; Z1: K. humilis; Z2: P. kudriavzevii; Z3: C. ethanolica; Z1&W: Co-culture of K. humiliswith L. acetotolerans;
Z2&W: Co-culture of P. kudriavzevii with L. acetotolerans; Z3& W: Co-culture of C. ethanolica with L. acetotolerans.
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