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Identification and characterization of spoilage microorganisms in
aging Chinese rice wine by culture-independent and
culture-dependent technologies
LIU Wen-Rong CHEN Shuang XU Yan®

(State Key Laboratory of Food and Technology, Key Laboratory of Industrial Biotechnology, Ministry of Education, School
of Biotechnology, Jiangnan University, Center for Brewing Science and Enzyme Technology, Wuxi, Jiangsu 214122, China)

Abstract: [Background] Storage is an important procedure of Chinese rice wine production. However, due
to the rich nutrients, Chinese rice wine often appeared spoilage problems during storage process, resulting in
huge economic losses. [Objective] The purpose of this study was to analyze the key microorganisms in
spoiled Chinese rice wine by culture-independent and culture-dependent methods. [Methods]
High-throughput sequencing technique was used to analyze the key microorganisms in the aging yellow rice
wine of different origins. Specific culture medium was used to isolate and cultivate spoilage microorganisms
in rice wine. Specific primers (Lactobacillus acetotolerans and Lactobacillus fructivorans according to the
recA and tuf, respectively) were designed to identify the spoilage microorganisms. The isolated species were
inoculated into non-spoiled rice wine to verify the spoilage ability. [Results] High-throughput sequencing
results showed that Lactobacillus was the dominant genus (abundance>95%). And the abundance of two
species (L. acetotolerans and L. fructivorans) was more than 82% at the species level. Thirty-six strains
were successfully isolated on the designed culture media from spoiled rice wine. Twenty-eight strains of L.
acetotolerans and eight strains of L. fructivorans were specifically identified by the specific primers of
recA and tuf genes. The two main spoilage microbes were then inoculated into non-spoiled rice wine,
and the acidity of the wine was improved significantly after two weeks. [Conclusion] High-throughput
sequencing technology is a quick method for analyzing hard-to-culture microorganisms in food. Based
on the combination of culture-independent and culture-dependent methods, we found that the key
microorganisms that caused yellow rice wine spoiled were L. acetotolerans and L. fructivorans.

Keywords: Aging Chinese rice wine, Spoilage microorganisms, High-throughput sequencing,

Hard-to-culture microbes, Lactobacillus acetotolerans, Lactobacillus fructivorans

#1175 (Chinese rice wine)ZAFIK . AR F
BEURE, 2l . ERESEE AL A TR TR AR T A
TS, TR U RO G AT oRl . B
MFR<ETT”, HIRVRRIE B RAE SRR s
B T 28 Ak — o I ) A A R A v LR i
Ji, I AR R T G ek PR (B
By AEREFEERYRSETE, ®WHAF
AR Ao A b i e IR MO B i B4, TR 2R
HE IR TR o R e P T DSR2 4 ol s 8 R ) 22 0
AR, T R 5 R T AT AR I ) S
A B LR WAL A P URT , = A S #l
T, P R DO ] A 2 G Sy PR TG 4 R AR
b MUAEAR R TR0 T8, B Ry BT T A7 BRI
TR AR Al G PR i R = B

BT PR AR R PR LA g B A7 oM Py — RSB
TTE 20 20 80 AR A=A B T R AR I A
PREAT TOFTEIRER . AR BT IR B G AN TR] AT L
R TR G0 oA A TR PR DAL IS PR PR W) A T TR
WCALERIRIWD) . BRI 3 AR B . AP
TN Ao kA, — RO i T AR sl =A™
Yt PGP VRO R4 5 30— R L T A P TR 1T K
i FAE AL, XA 2B S L
W, X TE A B /NP i LR R
MR TR AR BE (18%) 25 1F . B PR h 2
SR, T RW RS B, X
WIEAFEH H R (H A TR B IR
KAEFZ, WHEFRIT L — LIRSS R I
I T E PRSI R PR 21 B Y
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R 28 15 7 6 DA TR IS IR R B o o 545 31
FIFLERFF I, 8 A0l S LR AT R8T
Fro AR FOF5E B BRI, X SP BRIER fa 3 R
(1) LR IR WO SR A A N A W~ R ik H RiTIE AR
SEAMENT, 3R R T R I R R
TAE Y SR s I

RS JORME S — Rk i A K LT, HA el
FEEE . AR pH BYRERL, —BAE S HAEALK,
{ERATA R A 03 1 T VAR R R A A R R
T A B B SR W ) A P A 7 M AU Y
e, B O# R L4, T BR FL A @ (Lactobacillus
acetotolerans) A1 Sy — i LA {1t WL PR DL Ff A 4 9
R bk . SRR, T R LA R R — R SR Y
MR RIS AE Y, TR L MRS 57X A:
Ko Deng 2l i AL UM, FERRISE
RO T PR LA P . TEIE TS b, TR
A SR BRI G RR A kg™, — BT
b T ) —OXERE, T3 X AP IR A T A ) —
HRARI K, BHE 20 4 70 444C, Sugama
S VBT TR R S LR R R By
FEASF T RIS I v A B 5 T 0 ) 8 s LA
i (Lactobacillus homohiochi) F1 £ 5 # . A1 &
(Lactobacillus fructivorans)!'™, 1982 4, Colwell 52
ISR R I EERS SR E M e &Y, gl AR
AR A R EL AT A T P R A S0 2 2 T
N8 101 CAEL// A | PR 8 =X /(I e TS
BV SR A AT SR MRS R E I AT %

TEABEFE Y, X BTG AR R e R v ) e 5
PR WA A, e v ) 5 AR g R AL
W R, BT R R R B IR S ME RS AR
AT RS 3R, IF X8 R4S 20 W Tk e obE
RESFA THIIE o
1 MRETE
1.1 #&

IEHE W AECR MBI AR AR e ) 4544 T BB
UL ) ST S 20 0 I VT8 TR 1) 5 AR A
PR, 313 ARG, b 1-s#REs R 1 S

BRI, A REENAEIPIRE; 6-THbE R 2 S
B, MR AEERE; 148k 3 S
JHRAE, MBI AATAE; 151681 18— 19#F: i
B4 Sl R, SORREN AR 20405
5 SHERET AL, A KEEAEEAE . R KRR
PRER B 5 5 80l ) $eqit.
1.2 FELFIF0MEE

[ L = W A = 8 N
10 mmol/L Tris-HCI (pH 8.0). ZAk4H. HuFnmis
. 10% SDS (pH 8.0). &fhi. FIXEE. KL
i, EZGERERRERA A AR, F
kiR, B REFHYABRAF; 2xTag PCR Master
Mix, RKARAEMRHEALE)BABRA R ; MRS Kt
J, Oxoid 2~H]; AL DNA i)
&, ETAEY TR RBARAF . BRER,
Biospec 2y Fl 5 Ed 7R E UL, Beckman Coulter 23
Fl; KX, Bio-Rad AH]; ¥RATHEASF, Labconco
/Nl pHIT, Mettler-Toledo A ) o
1.3 44 DNA 2B

HURR SRR BEWE 70 mL, 10 000 r/min 5.0
15 min WCAEAMMEITNE, M 5 mL PBS 22l
(57.7 mmol/L Na,HPO,4, 2.3 mmol/L NaH,PO4)E#4
3R, BRI TEICE, 10 000 r/min &0 10 min
SANMTTHE LI DNA, BT, f it
WHEET | mL Buffr Z (10 mmol/L pH 8.0
Tris-HCl, 150 mmol/L NaCh)HiE%), ¥# 2Nt
0.3 g BEFEER(EAZ 0.1 mm)IRIEE T, A 150 uL
R, SRS ORI 1T 4 min (BT 80 s KiE
PR VKIA 1 min, £ 3 K); A 110 uL 10% SDS,
RERR AR VK 10 min (B 5 min BE2HERS));
A 150 L S5-I BR R (24:1, AR, BRRIE
A1) 12 000 r/min 25,0 12 min W8 F3E, A 1/10
TRFY 3 mol/L BEIRENIATE , FISEHABURE: . K-
A05(L:1, R A0SR, 12 000 r/min
B0 12 min IR B35 A 2 R ARRBUKCEE, BT
=20 °C R UTTENG, 12 000 r/min £5.0> 20 min; 3 I
B, WL ES TR T 30 uL TREKH,
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1.4 SBRENFRSH

EEXT 13 ANTRMCETPIFE T DNA, I HE A5
Yy 16S IRNA ZEFH ) V3-V4 SRR X,
51 ¥ 4y Wk 338F (5-ACTCCTACGGGAGGC
AGCAG-3")F1 806R (5-GACTACHVGGGTWTCTA
AT-3)N e |5 A7 8 M IRAL AR AR S,
PAX 0 AN R A B AR i o 25 pl PCR AR R :
10xPyrobest Buffer 2.5 uL., dNTP Mixture (2.5 mmol/L)
2 uL, 10 pmolV/L . TFiF5I4¥4 1 uL, Pyrobest
DNA R4 04 U, DNA 47 15 ng. PCR JZhvi £k
4 94°C 5min; 94°C30s, 55°C30s, 72°C30s,
25 MEFR; 72 °C 10 min, PCR Fe¥zalifl 546 g
IRER G, FITAE B ZERR A F]AY Nlumina MiSeq
PE300 WSy 23 b o DU I $RAS A 45 Al 1 e
HATERRBURILAL, KRR —LERFFEZERITA, R

JE A TR 32, LR R ERAE HOG(OTU) K
RS, RGP IRZESCHR[20].

1.5 ExHHE
FRN R FE AT MRS BiFadk, URINvR s 50

R1 WEMEFRAEERE

Table 1 The compositions of media for microorganisms

) MRS 57758, TN Sk S0 MRS #5775,
DI RN IR MRS BEFR5E, REFRAEnisran
T Pon, HP AT R LA I H Bk A
10 FER TR . AR B R AR A SR
A 2% . KE M. 1x10° Pa K1 15 min,
1.6 PCR ¥ &R FF

K FHANBESEER 4] DNA Pt S s
BRRCEYEEZ] DNA, 18T PCR ¥4, B
SIYFESIIZE 2 . 3 41 PCR kRN
25 pL: ddH,O 10.5 pL, 2xTag PCR Master Mix
125 pL, L. T #I(20 umol/L)4% 0.5 L, DNA
PR 1 uL. 16S rRNA FERYEFRFF: 94 °C 4 min;
94 °C 1 min, 55°C 1 min, 72 °C 2 min, 3t 30 M§
i3 72 °C 10 min, L[ recA. tuf PHEFEF: 94 °C
4min; 94°C1min, 55°C30s, 72°C45s, 3£304
fIEER; 72 °C 10 min, PCR ¥ 84751 1% BIEHE
BERC P HTIAGIN, 264 T A TR B PR
a0 AW O, W 45 R 8 22 $| NCBI
(http://www.ncbi. nlm.nih.gov/) GenBank %4 245 [7]
P58 O R AR B AR -

Higrdk iy
Medium Composition (L)
MRS broth Peptone 10.0 g, Yeast extract 4.0 g, Glucose 20.0 g, “Lab-lemco” powder 8.0 g, Sorbitan mono-oleate 1 mL,

K,HPO, 2.0 g, CH;COONa-3H,0 5.0 g, (NH,):CeHs0 2.0 g, MgS04-7H,0 0.2 g, MnSO; 0.05 g, Final pH 5.7

MRS-Rice wine
inspissation
MRS-Catalase

MRS-Mevalonic acid

pH 5.0

MRS broth (powder) 52.0 g, Rice wine inspissation 100 mL, Ethanol 150-200 mL, ddH,O 750—700 mL, Final

MRS broth (powder) 52.0 g, Catalase” 0.1 mL, Ethanol 150—200 mL, ddH,0 850—-800 mL, Final pH 5.0
MRS broth (powder) 52.0 g, Mevalonic acid 5.0 mg, Ethanol 150—200 mL, ddH,O 850—800 mL, Final pH 5.0

TE: T ARSI W N 10 000 U/mL.
Note: ": The concentration of catalase solution was 10 000 U/mL.

%2 PCRIEFRESIY

Table 2 Primers used in PCR amplification

BIL B4 EiL72 ] Tk EEe |
Primers Sequences (5'—3") Primers size (bp) Target genes
27F AGAGTTTGATCCTGGCTCA 19 165 rRNA

1492R GGTTACCTTGTTACGACTT 19

LA1 AAAATTTCAACTGTGCCATCCGG 23 recA
LA2 TCAAAGCACGACCACCGG 18

LF1 GACTTAGTTGAGATGGAAGTCCG 23 wf
LF2 GACCAGTAAACTTCTTGTGGGTATG 25
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1.7 R AER T BE TS IE

W O e ) ) B R B A BN BT R RS
30 °C JRASM FHERFR. fiddEwEREERK
B (ODeoo M 1.80 Z647), Wi Fh I LA 2%
Fe B EE A B A 2 A R #EP (10 mL/Aates), 2R
J5 BT 30 °C fERIGFRAE T IR A E R 2 S,
DA A I DA 8 A o R, 300 R o R
PR S i AR Ak o PR R A i B 2 S TR E b
GB/T 1366-2008 FiLaz A7 LU T

2 HR55H
21 FXAGBENFBRABRKNEEFNEEN

4
R T FEMTERICEE T ) R A Y, A
SR AR ST BRI BT rP 5 YA ) V3-V4 B R
XA, MFSsRE _F% 2 DDBISWEE, T4
52 DRA005614, FEARYINTHIEA5%8] 416 221 4%
AT A, TR AR A RTS8 B
32017, FEAPERIKE R 397 bp, TE97%KF FXfHE
m AN T2, S5 E] 2 053 4~ OTU. XXt
OTU JFANMA T E X432, 455 R BRI By
FIEEIA 311495 B 7R 11 8. Hrb ik
WMAEDEAE ST i 1), FLERFF R E AL
Pm, HAXEREIRE] 95%A F, HAl R
100

50

Relative abundance (%)

Samples

E1 #HERMEEMERKT LR FE

X ERAR(<1%), Ud BRI Hh i 22
JFLRRAT R EY) . DX X LR AT R 1
WA TR EEX o, i 2 R, BRI
FUBRFT R B i E 0 & o R, Horp 20—
FEFLUBRAT R AT RS 82%LL I, KX
A . FEXT IR B YA TROKE U M &
PR, B2 SR e [ s BT R R LT B R AL
FFEX 2 AN RTREMIFR, T EARER R 99% . STl
IR, MHRRFLAT A LA ZE 16S rRNA JE
V3-V4 SR X PSR RIEAR &, U 1A
BREAY 2257, F Tl s R R TC vk P
AP X oS o FL T 3 v 3 ) o B T R
Wi = E B LA R B e, HRCE
VIR R P— AT RE AT IR LA 1 = & A AL
iR

A Ao R0, Tl R L AT I Mg v =
BRI A Y, T HER IR AR, LA
ARl R B IR RN B AT A s b
R, HAA AR & R Az M
(18%—25%)FI% pH T 52(4.0-5.0), LLIAG= Y
TP, B R TR Bl o B S i A /N e
THI IS FE R . XA YRR T X IR
AW, TEERRRI R SR ARSI B R AR

Il Other

B Flavobacterium

W Ruminococcus

I Leuconostoc

B Candidatus nitrososphaera
I Uncultured bacterium

B Lactobacillus

0
1# 2# 3# 4# S# O# T# 14# 15# 16# 18# 194 20#

Figure 1 Microbial community structure of spoilage microorganisms at genus level

W AXTEEE/NT 0.1%89 & V1N Other.

Note: Genus relative abundance of less than 0.1% classified as other.
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100

50

Relative abundance (%)

I Other

W Lactobacillus pontis

B Lactobacillus sakei

B Lactobacillus panis

B Lactobacillus brevis

B Lactobacillus acetotolerans &

Lactobacillus fructivorans

1# 2# 3# 4# S# o# TH 14# 15# 16# 18# 194 20#

Samples

B2 HERMEEDEMNKT LR FE

Figure 2 Microbial community structure of spoilage microorganisms at species level

W AEXTEEE/NT 0.1%B9F RN Other.

Note: Species relative abundance of less than 0.1% classified as other.

22 BRMEBFEEMEYNS S

R A 308 0 AT S, TR T v Y
F2 B A AT BE S it R FLAT TRl SR LT AT
FI B A AR 56 SCRRIERA MY, 53 i A il A B 5 2
KRB E SR iR T orwr 20, 785 AL 3 5 v e
DL, B RS SR . T s SR
T R R ICRUE W, MR R W O REAE
BRI B R e, S Bl I A= 9 )
AEAEIREE, 7E MRS R RIS v an vy, 5
VNN SCHR[12, 151408 A PR B A 4 A A i 7

R3 A MBERENRYREMERER

Table 3 Spoilage microorganism culture results of 4 media

(AR K R F——ad A SR FUE R, X R I
O TS Y U E AT B R . SR B
W, o I BUER IR SR A T 4 FOASTR] Al [
Rigpdk b, B R L B R ETIRA S
P, H DA A DR DA N IR SR B, O
F 30 °C iR NEE SR, WEIF D REE RS
R(F3)o BREIR, FERTHRIE R 17%1) MRS 15
FRAVAMAEY A K, SEeaRESRYEY;
AEBET A xR RS b G UE AR K, T
AEYWEEROG, B, %5

Rt HIRGER [Epl ey B3 Al FE R A

Medium Cultivate results Number of colonies Period Samples source
MRS" Failure — N 74, 19#
MRS-Rice wine inspissation Success, small and milky white colonies + 5-6d T#, 19#
MRS-Catalase Success, small and milky white colonies i 4-5d T#, 19#
MRS-Mevalonic acid Success, small and milky white colonies AH=HE 4-5d T#, 19#

*

T 7: MRS EFRIEERARIEN 17%. — Tk +: AR, s RoRmk otz N. JoHoR .

Note: *: The alcohol concentration of the medium was 17%. —: There was no colony; +: Colonies grew on the media and the more the

number of +, the more the number of colonies. N: No culture period.
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23 BMEEPIZEREVHETERBRKIEEE
I E

S A S IR AL DY IR R S IR, R PR IR A
RIUFH) MRS-HVRL e R 35 77 HE R A7 T A W 1 35
F%, Gl 2L R 36 tk, N T
20 B R O v i E AR A S, SR
1 G I W A Wi AT 2 o ARG I T A= )
BER A it , S 19 27F Al 1492R %) 16S
rRNA JEHJFHE T PCR §734, &34y 5
5 NCBI (http://www.ncbi.nlm.nih.gov/) GenBank %%
It PEHEA 7[R LU S 85 SR R, [Rl— 4547 38 7 471
S EZE R P2 I 2 P 0 (B S LA o RN
it FRFLAFERT), AR 99%, 5 i sy Lt
XA AL, JC ik HER AW 51 e AR iy Tl AR
PRhe . i X R LA R A B R LA 168
rRNA LK P A LR B, P UAEAE 3 A3 )
Z5, FrLUAESERY 16S rRNA % 5E )7 A REIX 3 %
S TN R FLAT R A SR FLAT B8 . o 1 T X 40 0
FOIRAES, X 04 i i R AT L
TE PRI R ZLAT B RN 2 SRR ZLAT B & A A e S M
(K] recA Fll tuf SR, XTI FRICAE 20 53 IR T
SVESI4 LAL, LA2 F1 LF1, LF2 (¥%2), & PCR

3 AREIANEQMMEIATEB)AEERRA

P )E, F-5 NCBI GenBank Hd )% vEf T
[ X o UXTZE SR IR, B— 458 17 S0
N —FhiA Y, EF SRR E] 99%, MATH
FEFRAG B0 36 A1 A P b 2 H 28 BRI R LA T
8 MREFMEFLF I . PIRE R 1) B il 4 2R
(B 3)yh el LA, & BRI A . BAHE
§, RS2 AMIE S5 HT, BARERAT R
JE . SN 8.26 um Al 0.65 pm, MNFERFLFF N
(K . S5y 51 3.04 pm F10.43 pm, 2
AR A I 25 57

RS IE S B AR B (A PR T HA B0
RN RE T, X R WCMEREAR T AR OCHESE (A 4).
HI 8 FVAE Y B RIS, S A3
MR FLAT IR . 25 R R, EAMFLAF R B AT LR
O ) B R fr R TE G (0.2-1.1 g/L), (HHAR k&
BN, T R LT TR AR 2 AR R Y B A i
(5.6-8.8 g/L), FECEWRIG, HEK 153, 32-1
1 32-2 3 A A BT SR 5 AR AR HIN0.5-2.0 g/L),
Ui B Rl 2 0] 3 BOE T PR MO RE I A E2E 5.
i 156 11 1 R B AR B P M e 25 S o B, R
FUFF R S B R W E e, AL
FFRIRZ .

Figure 3 Scanning electron microscope of L. fructivorans (A) and L. acetotolerans (B)
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Total acid changes (g/L)

7l

L. fructivorans

B4 BRYRENSHMEOADEBRIETN

L. acetotolerans

Species

Figure 4 Changes of total acid content caused by spoilage microorganism

3 WL

PP AF DR A v i 2 1 (o A 0 LR TR T
WG — EE A D LA A R Rl ik
AEME R A2, RAMESE BT T B LIS
HH TR, Hek MR YA i
AR A TR A Y 2 7 gl I PR B R B R
TR e X — eI TR EAR T B ABESE
K 2R K 35 AR T R 3R T Y A P i
ST, D b PTG QR PR PR AT SR AL TR
WEFT R SETARIBIREARBIN, AWSE R K
L P SPLAT T R SR LT T i O B T R K Y
FEGAYY, X P2 A W A B R G
o MFLAF A R A — BT &/
BESERRIRIAGE MR A XERS TR Y, e
W HATEIE RGO EZERET . IR SR
ARIHEERNTE T, MAEPIR R YRS TR R AR
fik, A XHERSREEA I, E IR
Or ERE IR R LT iR A R LAT I, XA
SUE T A AT P A el A A A B R B i A

FA e AT B e 1 it
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