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Analysis of succession of Lactobacillus during Xiaoqu Qingxiang
Baijiu fermentation and fermentation characteristics of
dominant Lactobacillus spp.

MA Dan, ZHANG Qiubo, WANG Han, WANG Huan, SUN Chunhong, WANG Ruixin, WU Xiaole",
CHEN Yefu"

Key Laboratory of Industrial Fermentation Microbiology, Ministry of Education, Tianjin University of Science and

Technology, Tianjin, China

Abstract: [Objective] To clarify the succession patterns of Lactobacillus and their regulatory
effects on the ethyl acetate-to-ethyl lactate ratio during Xiaoqu Qingxiangxing Baijiu fermentation.
[Methods] High-throughput sequencing was employed to analyze the species-level succession
patterns of Lactobacillus in Xiaoqu and fermented grains (Jiupei). Modified culture media and
enrichment methods were employed to isolate Lactobacillus from Jiupei. The dominant
Lactobacillus strains were then evaluated for tolerance, subjected to single-carbon-source
fermentation experiments, sorghum hydrolysate fermentation experiments, and lab-scale simulated
solid-state fermentation with Lactobacillus. The physiological and biochemical characteristics of
different Lactobacillus strains, their fermentation characteristics on single carbon sources, and their
impact on the ethyl acetate-to-ethyl lactate ratio in the Baijiu were investigated. [Results] A total of
15 Lactobacillus strains were isolated from Jiupei, and high-throughput data analysis identified
eight dominant species: Limosilactobacillus pontis, Lactobacillus helveticus, Lentilactobacillus
buchneri, Lentilactobacillus hilgardii, Levilactobacillus brevis, Limosilactobacillus fermentum,
Lactiplantibacillus plantarum, and Lactobacillus acetotolerans. Further tolerance tests and single-
carbon-source fermentation characterization revealed that all the eight dominant strains could
withstand actual fermentation conditions (ethanol/acetic acid/lactic acid). However, L. plantarum
exhibited impaired maltose utilization, while L. acetotolerans showed defective D-galactose
metabolism. L. helveticus and L. pontis displayed a single-product fermentation profile in single-
carbon-source cultures, whereas L. brevis, L. buchneri, and L. hilgardii exhibited multi-product
fermentation patterns in both single-carbon-source and sorghum hydrolysate media. In lab-scale
simulated solid-state fermentation with Lactobacillus, compared with the control, supplementation
with L. hilgardii increased the ethyl lactate and ethyl acetate content by 175% and 44%,
respectively, reducing the ethyl acetate-to-ethyl lactate ratio to 0.357. Supplementation with L.
buchneri increased the ethyl acetate content by 50% while decreasing the ethyl lactate by 71%,
raising the ethyl acetate-to-ethyl lactate ratio to 4.496.[Conclusion] The dominant Lactobacillus
strains in Xiaoqu Qingxiangxing Baijiu fermentation exhibit strong overall environmental
tolerance, and their metabolic profiles vary in single-carbon-source fermentation. The
supplementation with different dominant Lactobacillus strains differentially modulates ester
formation. These findings provide a theoretical foundation for dynamically regulating key flavor
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compounds during Xiaoqu Qingxiangxing Baijiu fermentation.
Keywords: Xiaoqu Qingxiangxing Baijiu; Lactobacillus succession pattern; tolerance; carbon

source utilization; ethyl acetate-to-ethyl lactate ratio
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Figure 1  Succession of Lactobacillus during the fermentation process of Xiaoqu Qingxiangxing Baijiu. A: The
percentage of the relative abundance of Lactobacillus in different fermentation stages; B: The clustering heatmap
of Lactobacillus in different fermentation stages.
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Figure 3 The phylogenetic tree of 16 representative strains based on 16S rRNA gene sequences. The serial
number in parentheses is the GenBank accession number, and the number at the node is bootstrap support. The

ruler represents the evolutionary distance.
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Table 1 Identification results of 34 potential Lactobacillus strains

Hibk s HbRA A

Strain number Number of strains Species

D1, D2 2 JL R FUAT R L. brevis

B1, B2, B3, B4, B5, B6, B7 7 i B2 A= FUFT B L. buchner

X1, X2 2 A [ EFUFF I L. hilgardii

GL1, GL2 2 TEEFLAT I L. case

HI1, H2 2 WE RSNt IR FLFT IR S. harbinensis
RO 1 Hii HFLATH L. helveticus

F1,F2 2 R ERFFLFTH L. fermentum

MB1 1 AL ZECALFT T8 Limosilactobacillus panis
NSI, NS1 2 M EEFLAT # L. acetotolerans

SE1 1 B T RIREAMF L. diolivorans
Vi 1 AR ZLIT IR L. vini
71,72,73,74,75 5 FEYIZUAEATEE L. plantarum

Q1,Q2 2 WRF 2 ZH I FLAT 14 L. pontis

DF1 1 WEVEM FLIT S A. amylophilus

S1 1 WETRZLIT B8 L. acidophilus

P1, P2 2 FLWR Fr BKE P, acidilactici

REMETE IR Ty 6 /L U R A, Hirpd
KR FLFF I D2, A6 18 4R ZLFF I (B2, B4.
B6). A K18 AEFLAF (X1, X2). Hi LALFF I
RO 5 MF 2 R FLAT R (Q1 . Q2)TEL TR IE Ny
12 g/L BHARERS K o X FRLEambe , K3l
FFR BB AL AL IR M B R 6 o/L MR T A,
Hrh A5 G AEFLAT (B2, B4, B6). Tl EEZLFT
B NS1. HitHFLATF# RO, BRAF 2 B LT B
(Q1. Q2FEFLERME ] 10 o/L BHIREE A=K .

A AT EU R G S B e TR 2R DY 2 T IR AR
BEL(0-6.0%) . LFRWE(1.5-3.0 g/L)FIZLER
JE(2.0-3.5 L)WM BE X R, K 8 Fh L
FLFF R AR I BRAS if 32 SE PR & B 2R P i 1
R, FLRRMCEE . Forp, BEARIN 32 50 A
MRAF 2B RFLAT B . B L FUATF B . A g A3
FRER A D8 A2 LA B85 0 e T 91 LA R
1 DN R OE S AT T v 4% Pk e — R T 52 M o
) BRI (A1 Q12 A= FUAT B8 B4, FEIFLIEAT B Z5
I L FUAFR RO R BERIZLIT R D2, KEER

FLAFTR FL. Tt B LR NS1. MR & Z i LT
W QL. A [N AEFLAT A X1t 8 #RFLFT
i — 20 B BT TR A B — B I A I v iy ™
FRAFE
24 B—iREEFHTIFELERFT
PP IXUA ) 52 % P 10 T T i i R vp A )
Xt JEURF AR A i B A /N 3 A A
JRk, b i 2 (BN TE R FE R I R
SRk KA G K e Bl K A A A R . A2 A
Wi, D-BRUMECRIR . PEF4E R B 1) 5 n] &
[ (B Sk a7/ O =3 3 A (Y & R B
SRBEN TR E, FAFEAE MR R
HHF 32 38 2o WH 9 A % 12 (embden-meyerhof-parnas
pathway, EMP) il % fig & #§ & 42 (pentose
phosphate pathway, PPP)45 5 8 i A8 15 145 48 52 3
PR R G AR TS i 5 2 U LT BT XA [ Ak U
P ARHAFAEZE R, X PR 22 S AN (52 ) HL g o 4R
B, WHAZDOE THRR . CRFA PRI
G SRR R A R R XUBR I ik 1 O B
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Figure 4 The tolerance capacity of Lactobacillus under different stress conditions. A, B: Ethanol tolerance; C,

D: Acetic acid tolerance; E, F: Lactic acid tolerance.
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Table 2  Carbon source utilization efficiency of
Lactobacillus in media with different carbon sources
LS CikaLi D-FFLbE 2% 2k
Strain Glucose D-galactose Maltose
(%) (%) (%)
RO 100.00+0.00a  80.15+5.55b 100.00+0.00a
Q1 100.00+0.00a  81.35+1.40b 100.00+0.00a
NS1 100.00+0.00a 6.36+1.05¢ 60.10+4.15b
F1 100.00+£0.00a  90.60+0.25a 61.35+2.80b
Z5 100.00+0.00a  80.15+5.00b 2.65+0.30c
D2 100.00+0.00a  82.75+3.95b 100.00+0.00a
X1 100.00+£0.00a  90.80+0.25a 100.00+0.00a
B4 100.00+£0.00a  90.50+0.35a 100.00+0.00a
PR R R 22 o RSN ) 3 B 3R 25 v 1
F(P<0.05),

The data in the table are mean+SD. Different lowercase letters

in same column indicate significant differences (P<0.05).

I, F-EFUAFE RO BRWTSEERFLIT R Q1.
KW FLAT R D2, A RS AEFLAT B X1 A R
18R FUAT R B4 BESSC M 204, AL
FEAT B 25 X 22 2P RN 2.65%, R %
PR PRATE I A (14 22 2R TR
ABFTEHCAL T 8 ARULEFUAT B 72 LA A 4R |
A ZF S D-2FUME N ME—BRIEUT 1) 35 2
PIRh K GEAL R 225 . WK S Fos, P A
PREJLIFLRR O E 2= . e, B EFLAFE RO,
PRATF 2B FLAF A Q1 78 3 R b R TR 7 )
HAZLRR; R AFUAT R B4, AR FLAT
B D2, A FIE AR FLAT B X1 51 A FLAT B NST
FE 3 P b A R ) O ELIR . LR
WEs oAk, B> BARAE A R T A A
A, REEENRFLFTIA F1 fEMAH S p-E3U8h
BRI = FUMR, LA 2 o e R A 1 7 5L
M5 O s MPIFURAT R Z5 78 LA H . D-2F
FUBEIRF U= LR, LA 2518 O e — B I A0 15 5%
He P R T T I RE RS TR ) A& 2 A FLR
SO Wik, MR8 R —FUFT B A R iR IR
e BT R T FE A ) 7 A AN TR e

TR B I 2 (e/g), I LB R BR IR
KR =R KRR AE FL S
S5 TR LA R D2 LA 00 A v — B VR LR
AR, AR N 89.15% 5 45.45%,
FEIN g e PR A 2 W R BSORARRAE 5 A R AT A
75 575 RABAEFLAFE X1 7ELL D-2F 30 i —
i UR B FLER b R, 3ol 63.92% 5
47.60%, FH A EEE D-2FFU S SCREEE ;s i
HFUFFI RO, BRWFS R FLFT B Q1. M EGFLAT
PR NST 78 LLZZ 2P0 A M — R 5 B 2L R 2 fb 3 i
EL Al 62.40%. 95.33% 5 53.65%, FI
kR 7 M R AR ARRIE
25 MBIATERSRKBREXRNLE
4 BE

22 bt T A 3 A v SR K TR 3 3R X R
T R O B W R PR RE PR i, AR
WFFE AU AE O AT A [ B U5 B R PR 9T A S At |
i — R LS R B BB 5, HuEky . R
JoT s AR [T, KA Tt A X [ ) R
T, NHTEE R A AR R 8 BRI HELAT
PR L BEVERE . 8 ARG % v SR K R P
BRI B A A BE(160 g/L), 1 D-E3L . &
TS DR I AR A I B, RS R 8
T LA ROl A 1 R P 3 (LA A A B AR 1 T T
K6 i, H, sk mnzUFE D2, YT
FEFT TR Z5 78 i SEoK i i i 75 56 rh R 4 =
AW RGPS N /S ) R = i RS 17 7 S R/
LT B 7E o SR K S TR 5 3 v 0 e T P ) R
KFLR . MRS BE W FLAT R Q1. i /5 L AT P
NS1. KBERFLITE F1 5% kBRI FLATH D2
KW LR G D OIR A A I8 A FUAT A
X1 545 8 A= FUAT 3 B4 KBRS LR 2R
EERY AR A [RIB A FLFF P B4 R A AL
iz .l (2-3 mg/L)RIRE ST s HA7E @& SRk i
Regedkvh, MESFLATE NS, AHYIFURATH 25,
i F 2 AR AT R B4 MFLIRFL LR m, 2k
45.06% . 56.78% F1 43.79%.
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Figure 5 Concentration and conversion rate of Lactobacillus fermentation products under single carbon source
conditions. A: L. helveticus RO; B: L. pontis Q1; C: L. acetotolerans NS1; D: L. fermentum F1; E: L. plantarum
75; F: L. brevis D2; G: L. hilgardii X1; H: L. buchneri B4.
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Figure 6 Lactobacillus carbon source utilization and product formation in sorghum hydrolysate fermentation. A:

Carbon source utilization efficiency; B: Fermentation product concentration and conversion rate.
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Figure 7 Simulated enhanced solid-state fermentation conditions for acid and ester generation in fermented
grains. A: Lactic acid; B: Acetic acid; C: Ethyl acetate, ethyl lactate content, and ethyl acetate to ethyl lactate
ratio Lactobacillus. *: Indicates a significant correlation with the control group CK (P<0.05).
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