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Case Analysis of Contaminated Shanxi Aged Vinegar

LI Yingying, GAO Wen, ZHOU Guoping*

(School of Biological and Pharmaceutical Engineering, Wuhan Polytechnic University, Wuhan 430023, China)

Abstract: This study aimed to figure out why one batch of Shanxi aged vinegar was deteriorated with gas production.
Firstly, we isolated and counted strains from the samples by culture on orange serum agar (OSA) and de man rogosa sharpe
(MRS) agar. Secondly, Staphylococcus sp. was confirmed to be the main spoilage bacterium by 16S rRNA sequence
analysis. Then, dnaJ sequence analysis was carried out to show that Staphylococcus capitis subsp. capitis was responsible
for the deterioration. On the other hand, a small number of bacillus cells were detected from the sediments by acetic
bacterial medium and identified as Bacillus amyloliquefaciens by rpoB sequence analysis. The main pollutant in this batch
of aged vinegar was Staphylococcus capitis subsp. capitis while some B. amyloliquefaciens were present but dormant in the
sediments. The electronic tongue showed that those bacteria not only produced gas but also made the vinegar taste pale.
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L1 eI

TE AT Pk 28 A8 o S R I A o R T ) S TR — Ak AR
PRI PR N IE W B RE S . PR EEIE (plate count
agar, PCA) . DR ZHE LG (potato dextrose agar,
PDA) 5770k, JRAKIFRIEFPLEWE (eosin-methylene
blue, EMB) 174, ZZF R KW (malt extract
broth, MEB) #;7%t  dbatlfitr Aw]: FLER4HE (de
man rogosa sharpe, MRS) ¥;7dk. #EIME L (orange
serum agar, OSA) HiFEH&  FEEOxoidAFl; YSGH;
Frdk. LBRGIREE . BRERES I 05 55 7% = St 2 B B Atk R
ess R 5635 A A #l: VITEK 2 COMPACT %5 FT 5 ik 71
& EEMER A Premix Tag. DL2000 DNA
Marker. #ZRYklGoldview — HATaKaRa/A#]; Iy flg b
PUYE T Biowest/A Fl; RAHEEER M. (polymerase chain
reaction, PCR) 5IW& BOF1 =4l F7 1) v 75 )M < v 2
HA PR AR 8.
12 {5

VITEK 2 COMPACT4: H 341 i % & Al 25 14y
Bri  EEMRRAT; CMBREHIEKIME T RS
%% ZBioscreen’A#; T100 Thermal Cycler PCR{Y 3 I[H
Bio-RadA#]; DYY-6CHIEJKIL LA AN —{XE%)

B RS 24 JEESyngene/A T YS100 80ilk B %t
MHZERMSB:  HANikonA#; PHS-25IRJEIF  LifgdX

HL R A B A PR A 75 SunRisefgbri A FI
TecanA#]; TS-5000ZH FF . DBMSHHE & & H R 5
APACHE2 X 2% Il 45 4% H AInsent2y 7@l
1.3 ik
1.3.1 PRSP, T8 s

it 5 415 35 39 50 WCHUER 43 f0kh BE F B, 3 B AEPCAY
EMB/PDA/MRS/OSA/YSG/MEB 7 F-FHt 43 53k 4T 58
TRFIRAT, BUS FhEE IR T30 CH9R3 d; YSGHR R4
T45 CHF23~5d; MEBH;FMET28 CHiF5~7d. 7
Ah, BEFESRES dF, JREHIAETUE, HEEWE R
WPTVE, B EEE, FRUTTE B8 2 0 IR o AL it
B 7R L, 120 r/min. 30 CIR% & £ 772~3 dJa,

43 AE0.2 mLAN mL ¥R B T B RR A5 4 25 15 77 2k vp gk
ITRATRIGEIR, 30 CRiFR4~5 dJF Mg, Xty fe it
FHVR 405 I GB 4789.2—2010 (£ S E M 2A 4656 -
B 75 BB E ) FIGB 4789.15—2010 (£ i A= ¥4
B BERAEEREEED MO EHATT . Kl TR
Lo aifh, WL K B N BB A .

132 RIS %

R B RRLE AR RIZR 4> B 4lifk, 30 C 24 hiFo%, &
BB, IS0 pLIE & 5 T /KIMPCRE 1, k%
2], 94 °C 10 minZef#, 12 000 r/min®50>5 min, i
WSO, SIS ERAR, 4 CRAT.

133 4rBSHkII16S rDNA. rpoBRldnal 35| 5347

&1 PCREASIY
Tablel Primers used for PCR
R gk J#5 RASTNE P
2TF 5"-AGAGTTTGATCCTGGCTCAG-3'
16S tDNA 830 18]
804R 5"-CTACC AGGGT ATCTA ATCC-3'
1206F  5'-ATCGAAACGCCTGAAGGTCCAAACAT-3
1poB 1400 [9]
3202R 5"-ACACCCTTGTTACCGTGACGACC-3'
A- (F 5'-GCCAAAAGAGACTATTATGA-3'
il SA- (F) GCC GAGAC GA-3 w0 (10
SA- (R) 5"-ATTGYTTACCYGTTTGTGTACC-3'

#2 PCRRPifkFRM&EM
Table2 PCR systems and conditions

SR SRR PCR%
94°C 10min; (94°C 455, 50°C 457,
163 IDNA 72°C 90s) X35; 72°C 7min
108 2X Taq PCR MasterMix 95°C 3min; (95C 205, 55°C 205,
P 125 L, 511%2 L, 72°C L5min) X35; 72°C 5min
DNAFEIRS uL,

K ZS0 uL 94°C 3min; (94 C 30s, 45°C 30s, 72C
dnaJ 60s) X5; (94C 30s, 50°C 305, 72°C
60s) X30; 72°C 3 min

PCREIY). HERMEZMSNEL 2, YA 1%5
PEBE FBIK 72 B, GoldenviewHeth, kIR A% 73 AW
WPCRY LR, Pk M &4 A RN . JPal
Xt: fEhttp://www.ncbi.nlm.nih.gov/BLAST#1TBLASTN
XS o
134 AR L E

PEHLOSAR; 773 136 CHEFR24 Wb REH &, H
VITEK 2 COMPACT4: H 34l 16 4 2 M2 oA it 47
A B AE A
1.3.5 =S R E

F B YR R AR LB AR S IR R pHE &
4.0 AL IR/NEE AT F G A Ak g, e 4
PhEBS YL, AR AR, SLFECE T30 CHHET
fHRREFR1~2d, MESRER. WQIL L EI BN
LB AR 7745, pHIE W B E3.0~4.22 [0, LUK & 5K
bRl HpHAE A, WE T A, A 810%F 1
W, RACMBRA HAIEK & T R M0~72 h
AN R pHAE 2640 N B AR I A Kl 2k
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725 AR T T AN T 85 ) — b O R P i A AT AT
W, EEEINEFELTHAATS, #E3 min, WA
W, R TR SRR, R VBRI IRS PR R,
TP E M ES K.

2 FRE5M

2.1 EBREERES IS A
211 BEME SISk

Al SR gt RS R AN T6 °T, WIRME
WA RS, RpHAE N3.5; AR E AR
YT SR B R R R, S RYRE . BRRME SR
GRS E TR E A, BREE R, W7 RE TS G A 2 i BR
A, TR LR SR FEPCARIPDA T REJE ANl & HAE K,
BT LIk A 7 pHAE N S5 IR It FL°E 3% F & HIMRS1E 77 34 AR
PRIV T5 G B8 2 B OS AR 97 3L, WE R #A4 B 43
BHIYSG (pHIHHEEF4.5~5.0) 85k, EGEHRER
I T RS B 40 85 1 43 B3 OMEB K5 7= 25 /1 47 BHEMB
RrFR 3k, (RIS REAT SRR 10240 5 s B 30t A7 I A A0 %
/. YSG/EMB/MEB#; 373 % W%, MRS L1072
BB IRIRIE 2 IR M AR EWE, BHEZA
Al E, (H SR RN R BT IE A TR A R VR .
OSAN;FRJk EH G A RN K R E R . A
WIEIEA . KA, i, aFEs—, BONE—FYIHE.
U FEAEOSARE IR HE 130 'C 2 dK H10.2~0.5 mm 4/
Wik, BEAER, FFERmES: MRSE:FRE LK
HWHEARK, 0.5 mmit, HARHESOSAR 7R LI
FAATE . PRELOSAFIMRS £ 77 = b BT ¥ HEAT 45 22 Qe
B, SERNHEIRFATEE, VP AWONHEE R, Wil
Fi7R

A - <
H1 SBE#&QHMEMER
Fig.1  Photomicrograph of isolate Q1
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Fig. 2  Radar chart of normal spoiled vinegar
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Staphylococcus sp., T RKIHAUE N100%, 5S. capraef
S. captitisf NEET . [F2N16S rDNAJT HI (1) i B R =5 1,
— BN 16S (DNAFY I 73 A REHERf S Bl Js , AN hE T
Tt 25 5 B P, 17— 7 THI 6 6 BR IR AE B AR A A AR,
EFEERM L HE. R R, S5 A 4
BRIFAFAE, 3 77 1 4 v €07 %) BR1AT DR A P i #4025 2
55 L B R EOW B 2 —,  FL 2 3R 2 A LI
PO PERR B, 2 2 e a8 SRS B 2RI, R
e A, 5 B R AR S B

Staphylococcus capitis strain HDXJ11 (KT201609.1)

T11'S. caprae strain DAS5G63 (KP860630.1)

S. caprae (KP979544.1)
99

Ql-isolatefromvinegar

S. capitis CRO1 (LN866849.1)

1001 5. capiris subsp. capitis strain AYP1020 (CPOO7601.1)

Enterococcus hirae ATCC9790 (NC_018081.1)
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Fig.3  Phylogenetic tree inferred by neighbor-joining method based on
16S rRNA gene sequences
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FdnaJFy 5\ 434 (0 773506 43 B9t o 2 BR R A7 o i
RILHI A 43 8 W B bR S SkOIR A &) BR B SkOIR T R

(Staphylococcus capitis subsp. capitis) F1E RKANE N
100%, Ut A% BT & 1 R 2y S R 8 7 BR B S R Fofr
Jo 0 ] R e P 3R B R R B, ANE TR R BUm
TR < B (0 1 60 BR TR AR AT 5 IV ML R A BR TR . T
dnaJ 75| 53 Mgk ad iy A i an B4 o

Staphylococeus sp. isolate from vinegar Q1 3\
76 §. capitis subsp. sapitis (AB234060.1)
o | S coptsubs. sep (AB234060.
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S liree (ABXMOSLD) 7
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o -
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Fig. 4  Phylogenetic tree inferred by neighbor-joining method based on

dnaJ gene sequences
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MRS FORE R R AUK R L+, A2 G+,
L-FLBR =0+, MK Z+, 6.5% NaClE K+,
D-HBEEE+, O/1291H %+, FEEIRIUKMEEE2+, B
FEIRM 52+, HAR34 UMM . 524 6% T ge it A
SR &) BR 1 Staphylococcus capitis. % 5 45 B dnal 7
Bl oy Hr et R—5.
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Fig.5  Growth curve of Q1 at pH 3.52-4.12
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Fig. 6  Photomicrograph of bacterial cells from sediments in vinegar
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XFUUE A B BEAT 2 B S, B H AR A8 mL i
AT B0 5 LA SR UTIE I 2100 mL IR Al R BB 77 R 7,
120 r/min. 30 CIHIRIRE H72~3 dJm, 709/ H0.2 mLAN
1 mL )R BT DR BR S 73 B8 435 7 ik vh EAT IR A FI BRI
30 ClHUREEFRA~5 dJa MEE, FHXT KB 240 B AT 5 e
B R T SR B S R A AT R . AL
TUf A, SRR, AT A I AT T R

(Bacillus sp.)

FIFH ZE AT 2% B rpoBS | IY 85, 800 #r
KI5 FAGE R T HOAT R AR VE R SR (B. amyloliquefaciens
subsp. amyloliquefaciens)  F¥ZERINFE (B. subtilis
strain) « fRVER A (B. amyloliquefaciens)
A Ve R AT R AL WAl (B. amyloliquefaciens subsp.
plantarum) [ HKFIEN99%, I FARGE N 2 fFT
PR AR A B o, B TR R

Bacillus amyloliquefaciens Y2 (CP003332.1)

B. amyloliquefaciens CC178 (CP006845.1)
T

B. subtilis strain Bs-916 (CP009611.1)
48

Bacillus sp. isolate from vinegar Y-1

5 B. amyloliquefaciens subsp. amyloliquefaciens KHG1 (CP007242.1)

B. amyloliquefaciens subsp. plantarum UCMB5113 (HG328254.1)

Clostridium acetobutylicum ATCC824 (NC_003030.1)

B. methylotrophicus strain YJ11-1-4 (CP011347.1)
0.05
BIRGT BRY - U T IRE b 2 fUFT B
K7 MEGA 6.06 /14T LE T rpoBRE FFHHZER R HELR
Fig.7  Phylogenetic tree inferred by neighbor-joining method based on

rpoB gene sequences
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2 PR R A SR AT R AR IR E R, DR A
REJE AR, HTFEDH40 AR, 16S rtDNAFSIHT
EH R SF (75 3K B JE P I AR LEE97.4% ) BT Lh—
BN NOGE S 8, HE R SR R A BRI E =22 L2
A H B SR B 2 — TR B A A e B A A R,
P LK e thdnal CEFRLETT.6%) « rpoB (CFEIFHEL
FE86%) « hsp60 CFHIFMLIES2%) « sodAd (CF-HIAHALL
FE81.5%) ¥ 5 ok % 5 Ho R A AN, A szag R A
dnaJJp HILEAT S e A 3R, FHrpoB 7 51 Hob) %5 € 2 ffd
FFH, MGE R TE dnad HENT FE RS =y, 1T DAAER 310
B, T rpo BIIHENT BE7E 25 FOAT 11 J8 PN &% Fh 2 1] 3 i e AN
/B o dnaJ 7B 53T )48 45 RAVITEK 2 COMPACTAE
% e g AR —3

TEF= S AR L PG ZBREE ORI T 2 Rl e m: sk
SRR 67 BR B R AR VE B 2 AT B, (R SKOTR A & BR 1 2 7E
B b o B, KA R EIA10° CFU/mL; i fAve # 4
FRORT TR 72 B v R A, APE I JEC S e 43 S B
R S EA R T 1 CFU/mML. 7 BASIOIR % 2 BR 1 4 2
AR UL BREE P B AR SR B 5 e i . AT T T
JEUTIE A 41 B8 2 AR 2F AR B ORISR B A0 R B A, X
ARSI ) 45 SR — B

HEIREAE Z P i R AR, fE3ELR
i CREER I BB EER, HEENKRE
7, Blhn. ARVEEEERE (S, xylosus) FS. carnosus. 1F
L T T 2 o s A T I P 0T 7 1T b R K 2 AT T
FERERTH— B R AR A, TR R A A B — B
H, PIE PN RRE 2 — WL ZBRES I 5 —
AN 51 I R B i R gk A R R R SR AT B,
ELAE TR A B R b o O S T s T B A I I
RIVEEERE R 2, BRS—Hm, L&
T (0] 2 R AR IR (7 P 7 2 1R A R R 5 | S )
BREEWh s R LAY ERY —. HEKE
X PRI SE S A 0, BELET~48 'C. pH4~107EH 4K,
R (10%~15%) , BHZRE R, F=EY
F, LN #7725 . AR S0 R LI R A BRI QLR
fEpH 4.0/ R YELBR: F2 M P s A= &, i AL BE 7
pH3.5 (BRE=6.0 °T) KL Z MR K~
BT 2 WRES R R IR GRiR . midh) B R A T4
th, TE—REIE RS 7R 5 ALK, HEETEMRSHIOSA
AR, i EZ BB RRAG . baiR T R

L RS 4y B ARQIANY 1L - #5 A 7 RS b K 31 4
KR A0 R R A5, B St B RS I B AT A
HHPCA/LB/MEAR; 7722 F —EHEHH 3 ok, #)
TE 7L B % 95 FE MR S/OS A /T 5 T 5 97 ik I 6 e 7k
BRI KA K, IX R [R] T di  f 46] 4 BR 8 R 2F F AT
A KA, (HRQIMYI1L T 2~3 REE AL G Bl At
EPCA/LB FIEH A K. BB QLAE/EpH 4.0 R T
LBR;FRR AP PO A K =R, AR L NR B3 T %W
WS RE % fEpH 3.5~4.038 58, 5 L iF 52 1% & fE 7EpH 3.5
(FR%=6.0) (¥l a B FREE A K=<

REEG RN, B, AW, S22 0H0ORBEITEN
FETR DTSR, ARAERE, RS2 H M E % . HORBE R
SR, RN R, A LA Z R
255, i, MU AN IRIER IR, R R 4,
EAERAT B W FTE R bRl IR AT A A AE I
L 76 PR S A T S T A R A R A BR B, H R R
T T I G 00 2 B AE b B A R A ERE Y.
R S ) A 7T 3K T A AR S T R AN R I R ) R
B, R NERIGRE, RIE S RPIR I ATE . 3



Al

E6mill=

2016, Vol.37, No.12 231

BRI1OTAT LA e SRR %) BR B 2 A BT (catalase-
test negative strain, CNS) [ & BREH, —MA N Ah g FH
MR EERE A, MONS—RIEHEMNE, Aa%
FaE R, SR & BRI 2 N SRR R W w RN — A
WAy, kB TES. MU EE R . His Qg
R N RIS L7 S 85 Y KIEAH FFUESE
T (10 v T2 52 T ATV 246 K 22 B A R K AR G, B AR
NEEETHEZE ML, FR2 NEEUREE
BE R A RRAEK, HzarmmRa™, mEhEEErsE
JiT o A AR 22 FH I 1) 4> 3 €00 80 46 BR BT 1) SEBR RO B, (H
e A BIF 5T 3% W <5 B0 7 ) BR A RE 8 bR AR R Bl T
FR ARG LA, DAL IR BN P ) R A R %
%, T H BT R R — SR B AN [R] B R TR 22 AR K
B SRARE R, W IEE RN Ay 5 — 7, 4210
AR EREE TR AR R, TZEHEARMEEA
Wred By, KEEREgER, FPPERENN, S5E5%T2E
P Bs. AE B R OB — A AT R TR B, R
B, botne AR OK 2 KA i O o I ROREA B, (H
WARA VBRI AR (IR 2 fAF IR RE7EpH 3.81K Rt
AR, EAREMYSZpH 200 SRR IAEE . A SLI0 R B K
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