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A culture-dependent rapid detection method for gas-producing spoilage bacteria
in vinegar and its application
ZHOU Li, LIU Fang, ZHAO Kui, WANG Xingjie, YUAN Yinghao, LI Jianlong,
HU Kaidi, LI Qin, LIU Shuliang
(College of Food Science, Sichuan Agricultural University, Sichuan Ya’an 625014, China)

Abstract: Objective To establish a culture-dependent rapid detection method for gas-producing spoilage bacteria in
vinegar. Methods One kind of medium was screened out from six candidate media and modified. Then its specificity,
accuracy, and sensitivity were determined, on which a detection method was proposed. This method was subsequently
applied to assess heat sterilization conditions and preservative concentrations for vinegar products and to verify the
detection effectiveness of vinegar products. Results A modified MRS medium that could specifically detect gas-producing
spoilage bacteria in vinegar samples was proposed, with which negative results were obtained targeting at other 12 spoilage
bacteria isolated from vinegar. The established method was adopted to examine 75 unknown vinegar samples and plastic
bottle incubation method was used as control. Consistent results were obtained using both methods, however the detection rate
of established method was 3-5 times faster than control, with a detection limit (initial bacterial count) ranging from 1 CFU to 10
CFU. The larger bacterial load is, the shorter detection time would be. And it will take only 1-2 d for high-contamination
vinegar samples. Results also showed that sterilization at 75-85 “C for 5-15 min could effectively kill the gas-producing
spoilage bacteria that is recalcitrant to common preservatives within their maximum allowable concentrations. The
verification was in agreement with the actual situation. Conclusion The constructed method features fast, specific,
accurate, and sensitive. This study sheds light on detection and comprehensive control of gas-producing spoilage bacteria
for vinegar enterprises.
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6 B 2L 0 AT AT R o 0 7 AR R AN T 2 AR
i % B PR AL P B AR X 7 AR 6 T R AT R
HE o3 B, 3R BT TR B b SLRR AT R R =ik 45.77%. |
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ETEER . HEWTF . =K ERERSS Bl-
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SAHE R ASTE HE AN LR R S AR ZW 4
16 4~ TX 41 31 4~ WQ 41 28 4L tr= 2 A
I 52 HEUE B 7 bR
1.1.2 B3t

AT 6° T MR (G R & & 6 g/100 mL) 5 ZE 1
K% 2:1 el A, 115 ‘CK 20 min, JH T B 5
JeTa = IR SE 5 o

WG PR+ BB B R 3+ H200.0 ¢,
AWE25.0 o, BERETF 5.0 g, RN 7.5 g, B R 5%
1.5 g, 687K 1000 mL, 115 ‘CKF 20 min, JH T &
i r i G A I

it TR T O IR 05 9% 3L MRS WK B 3R L B SR IN
7 (NA) i 32 56 (e PE N 15 3% 3L L PY G W MR B 5%
50T H B AEYBORA WA B R AT
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AT 7 AR O T A I B 7R A R R 10,0 g,
FRE 10.0 g, FERR K 5.0 ¢, 4 BE 20. 0 ¢, B
FRE B 2.0 g, LTREN 5.0 g, BRFREE 0.2 g, TR 4R
0.05 g, t-80 2. 0 g, FP1E IR — %8k 2.0 g, B G & 5t
B2 0.5~5 g, 2 a4 K B0.3~3 g, R 0.2~1 g,
B AEKHE T 1~5 ¢, B R W 1000 mL, pH
3.5~3.6,121 ‘CKE 20 min, JH] T £ B th 7= 548 i
B AGI
1.1.3  SEE R bR

ARSI B LAY 12 BRAS 8] B 2 i T UL TR R S0
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BN ] 5 JC P b 7 A B AL UE AR (K &R, ELAR 47 mm,
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Table 1 Source and name of test strains
R 44 B AL IR AL R R I e i) TR IR
Salmonella enteritidis CICC21482 NA,37 °C,24 h
Escherichia coli ATCC25922 NA,37 °C,24h W) T v ] T ke A A T A B
Staphylococcus aureus ATCC29213 NA,37 °C,24 h
Bacillus subtilis SC-5 NA,37 °C,24 h
Pediococcus acidilactici D15 MRS,37 'C,24 h
Lactococcus lactis 10-2 MRS,37 'C,24h
Pediococcus pentosaceus WT-1 MRS,37 'C,24 h
Leuconostoc MC-1 MRS,37 C,24 h W] A M 27 B Al 2 ) S 6 2 B R AT
Lactobacillus plantarum DL7X MRS,37 °C,24 h
Lactobacillus sp. LC-1( & BE75 4L &) MRS,37 °C,24 h
Lactobacillus sp. XC-9 (£ 5 YL i ) MRS,37 °C,24 h

Acetobacter sp. 015-1( B S YL )

Bl R B 47 97 45,37 °C, 24 h

1.2 SEER ik
1201 e % 5 2 i 2k

VEIUE 3% TR 1 35 3% ik (1) (I TR AV AR B 7 A
(2#) MRS AR K 72 5L (3#) (R IR 17 15 97 56 (4#) |
PYG WA K5 77k (5#) 8 Bl 7= A0+ 7 TR 1% % A
(6#) 3 6 F G FRILXS ;=R i 22 (B HE R F L
77 SR TR B R A (4R 5 B1~BS) L IE % K 28 i iy
FE (G5 A1~AS) EAT AR, FARBAE s anF .

B 50 mL i W, 76 JC R 4R AE & BEAT OE , ok
Jii 4 8 A3 B Bl F L3R 6 Fh R AR 3R B4
(N BB ST AR /N ) . 37 535, 5505 24 h g 5L
B0 5,45 d ST 45 RS0

MRAE S as Rk E AR R RS — S W,
R A 5 5 D Ay £ T A T R
K RZ R 97 3k G B S mLL, B RIS AL RNV
T2 P 3 08 B S B0 U R, 37 CCHE IR BERE 24 h W
SR I A0 SR 5 FE LA 4° I TSR PO E TR (37 C)
BEFRAE R BE 25 22 B R 114 5% 75 35 1 G T AR
12,2 O™ A0AR TG AG I K 5% ik 14 R S 1 4G

HERE 12 BRAS [R) 0 £ 5 V5 Y% B R B0 B B ik
HH R 15 3% FETE A S, e BT 7 A SO A A DU 8
Serp B F 37 CREFRAA IR B IR BERMEE R
MBIk, 45 d A5 RS20 . DLk A I 32 85 57
FERRE R . BEBUR TR RS BNk 1 iR .
1.2.3 B AR S5 R AG TN 4% 37 356 190 o P 50 T

VRS T A e i = ik 75 A R R AR
Jo T OO0 1 I R R AT R, A 4° TG TR I VY 9 )
BT I % % 45 SR R o B, = L UORE B g5 43 S
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SR UE ARG DN 8 FRIE A RS 2 A B RO
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12,04 B =08 o A ARG DN R 7 3k 1Y) 2 0 1
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o TR G N 5% % e (P B AR ST R BNV ) v, B R
JEM 3 AN PAT BT 37 CHEESRAE P E R AR R
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1.2.6 7T i Biah 28 066 o 7= A48 B R I A
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AT, 6 % 77 B 42 b TR 1A T TE IS 34 B UL 5% B A

Py K B0 B 2 A Y SR BB A (B1~BS)
AR AN A E W B RE (A L~AS) B B AE KBS,
IX 55 TR A 2T B R A TR I RE R R R
B K TR R R TR L LR B R R T A5 LA
RTS8, R TR : (1) =<
A I R R A AR X 6 B A 8 3% B b TT R
5 (2)50 mL IF & V38 o 8 15w A S T e A b
et B 0 e E AR N B B SR B b AT B AR K
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ARKME WX 6 FilEREANR LT~ &A
PR I B R A B 1 R K, T R B RS D
PSR R A R s 7R 3
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Table 2 Detection results of six culture media on samples of gas-producing vinegar and normal vinegar

. R g7 3k
HRADG(1#) i T8 BT YA 1 (24) MRSTHAR(3#)  MRYEA 7 (44) PYG W4 (54) B P 47 T (6#)

Al +0 | +0 | B +0 | +0 | +0 | 0 |
A2 +0 |t +0 | +0 | +0 | +0 | Jg
A3 +0 | + +0 | — +0 | JE |
A4 +0 | +0 | +0 | +0 | +0 | 0 | JE
A5 +0 | +0 | +0 | +0 | +0 | 0 |
Bl +0 | B + | JE +0 | +0 | +0 | B 3
B2 +0 | +0 | 5 +0 | +0 | +0 | 0 |
B3 +0 | i +0 | i +0 | +0 | +0 | Ay
B4 +0 | +0 | +0 | +0 | +0 | 0l
B5 +0 | +0 | +0 | +0 | +0 | 0 |

TE 7R BN IR 5 0 " FR WA B A0 L VRN WAL BN DUTE ;i Fe R WLAE 2 7 I * — " FRoR R B LR 4

R 4l A R A A i 0 9 B, A T v T AR I
VA R A% 7 A2 FLR R 2 TR A T 38 £ T R A
B R R 3 T 3R A o e RO R
BN FLAT B R A0 B, HLX 2K 5] AR R Y
FLERFT W 76338 MRS BrgR i EARAE K MixZE =<
75 T DA R E £ I X AR A pH R ARG B, Y 8
FRHE pH % 3.5~3.6 2 KL [ if 3 T H e W
MRS 3555 5 R AR B ) B, 25 p o Ak 1 77 32 A=
KYminE 625 R 26445 B HR ER
A TR TR R R R AR B R, A
MRS 15 7% 3 9 SEal ok BT — ok I b R
5 UL TR Y B R JF s I A 4 Sk B RS U O A
W35 5 O RAR | )5 BRIk 10.0 g, R IE
10.0 g, BERFIR K 5.0 g, W A4 20.0 g, BER A —
Bl 2.0g, LWREN 5.0 g, BRLFREE 0. 2 ¢, HiLfRER 0. 05 g,
mhiR-80 2. 0 ¢, FPAETR — 4k 2. 0 g, E G E IR 2.0 g,
HERLEEBO.8 g, IR 0.3 g, EBLAKHF
3.0 g, Bk 12 K 1 000 mL, pH 3.5~3.6,121 CXK
P 20 min. K IR ARUE TR S (B1~BS) 5 IEH
W CAT~AS) e R[] ) J7 32 Ak 3L 2 N DT 7™ <
AR R A I SR S E T 37 CRE SR MR H R
PG, DL 4° W VE RO TR R B SRR N X IR . 45 2R

W% 3 P 2, W AR B RE AR DLRE A DB BN 1.
F3 B AL B A IR X RS A O RS
A i 4 A ) 445 23
Table 3 Detection results of detection medium for gas-
producing spoilage bacteria of vinegar for gas producing vinegar
and normal vinegar samples

R S 0T U O A I IR R 4 IR VOB O R R
Al — —

A2 — —
A3 — —
Ad — —
A5 — —
Bl 0} 0|
B2 0l 0l
B3 0l o0l
B4 0! ol
B5 0] 0l
O T RARME RN T | T RAR B BN YL — " F R R WAL F
RS E

& 3 FE 2 o], IE% B RS (AL~AS) A S
iy AR B A A R S L A RIS,
7= A8 T i (B1~BS) 42 A 77 /<728 T v G
Bi e L5 B B SORUTE I B4, A N 5
0 BRI A I 5 SR R R 1 S PR A DL 5 4 —
oo WAL R W I R BT b R D % IR B Re g
— PR A PR AR A, 9% R AR A B AR
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Figure 1 Filter membrane for enriching bacterial precipitation

TE < ZE A0 R B I v i) DA 57 A B A DN 2820 O O IE R
i A 0 45 2
12 BT A TR G DN i S S AG ) 4 2R

Figure 2 Test results of culture medium for detecting

gas-producing spoilagebacteria of vinegar

pH LK R 58 F MG & H MR 2 A Yk
ROV B A KT Bk IR AR, B
P IS R S P o B R R AT
2.2 BT UL R AR I B R R R S

I U SO G I B SR XS 12 BR AN [R AY E
ifs 175 4% TR A T S0 TR R ARSI 4 2R I, 12 BR R AG
45 52 S B P 2 RS O T AN R L
BRI B2 AT B LR R I R A R i
TR RS SR
2.3 BT UL BRI B R R A o

T W IE G B R Ak B W (47 2R R
9O AR I B R R U TR R I % 5 A (R
X T 2536 B 3 UK 1™ U8 o1 B0 #) R i
AL, 3 At YR I RE ARG 45 2R W3R 40 X
7 3 AL 75 A RE R R I A5 SR B, PR B SR TS
VA B SLAG I I 32 A A BB i, LA RS
HH A 728 TR A S o8 A — B PR T RT3 B AG
N0 3o AR AT PO, BT ™ U B R ARG A R R A
PR TR AR AL S L 28ad 2~5 d Y RS 3R RDRT UL 4
B ARBAR T AH ] B 7= S8 o B R Al A 47 i
TV RL B0 22 AR B R L T B 15~24 d A RE LSS
B ABG AR W B O TR G I 8 R

S 10 G ) S 5 L R O T I B R VA R 3~5 L 3R
P £ I 7 AR o ARG I 5 3 K o A g EL A X
Jed Ko B R RS R T
Table 4 The number of detected deteriorated samples and the

detection time

ar 0 1% 77 7 5 — BH PR AN B0 A B i)
A= I TR S TAYe il i o2 I T A
FESALU/BERE BR80T K I A U 2 0

T S UE SN
ZW 4 /164 94~,2~5d 94~,15~24d
TX /314 04 04
WQ 4 /281 234~,2~4 d 234,15~23d

2.4 R ALE JOT A A I B R R B R AR

20 /> B 7 AR BT R B AR R R R
A T R R 0 7R R A A DN 25 R LR 5, TR AL
ditn R ) 46 T R AN T, I AR B8 L6 31 7 A I
M B L AT T AN TR], DL 4 O B AR R 1), 18] 3 7R
T AN [ R R R O R 2 AR L AR R R R R 2 )
10 A5 5 & , AT LB E 51K i BE 08 W5 317 ) #e
e B R B2 00 1R B <10 CFU/mL (i S2 40 B B2 15 95
45 d BRMEEEN A o SRV, BT AR R
BRI S 0 45 5 B X 7 R R I P TS T R R
41 CFU<I iR 2 (A ) <10 CFU

Fo5 BT VARG I B R I 1Y R A T 2 SR
Table 5 Sensitivity test results of detection medium for gas-

producing spoilage bacteria of vinegar

T B S — WL B G A i) /d

R i 107 107 1077 107 107
® 15 18 — — —
® 12 15 18 — —
® 14 17 20 — —
@ 13 16 18 — —
® 12 15 17 — —
® 16 19 — — —
@ 11 16 18 — —
12 15 19 — —
©)] 9 14 19 — —
14 18 21 — —
ZW3 13 17 20 — —
ZW4 11 17 20 — —
ZW6 13 14 19 — —
ZW9 11 14 16 18 —
WQ3 13 16 21 — —
wQ6 15 19 — — —
wQ25 11 15 18 21 —
WQ26 14 17 19 — —
wQ27 13 14 19 22 —
wQ28 13 16 18 20 —

TE =78 45 d AR WZEE = 4

R F B B R B 5 0L 2% 31 7 R4 Y I fR) =2
)0 06 2R, T LA 2 RE S0 W0 06 TR B Ol 1~
10 CFU/mL, # /& 1 mL I, WEEL 3 7 30 4 19 15 ]
9 18~22 ds B S IR 4R TV B 10~10° CFU/mL,
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B AR R A BAPEXT IR 107 1072,107°,107*,107°,107° 107,
1078 107 F BR JiE
B3 7SR o AN R 2R 50 A R R & A

Figure 3 Test results of different series dilution of gas

producing deteriorated vinegar

AR 1 mL BB SR AR 14~17 d;
24RE S W0 8RB W EE R 10°~10° CFU/mL, % Fh &
I mL B, 76 15 d Z P ED AT WA 8] 7= B4 B
B TR B R, WL B R i 7 A0 I )RR A R
an PR HF 1~2 d SERE M B R4 .
2.5 LIRS T DR R DU O ik B

I AR ST A I v e Rl R
ARSI 35 7 B R R 7 o ELARAR I Ty i R < IR U
T EEFE AL 50 mL, B FE AL RCE 3 AT R RE A
TE TR EEAE & i BEAT Ak SR 5 B R A WA DL TE
B U8 R L B R T AT S mL £ I AR JOR I ARG T
Fr 3 Hop ) A /N B L 37 CHE SR
MR IR R R g R WA R A RS 5
FE 15 d Z I S Z A BB SN AN B AR
s BEFR 22 d PLE RS P BRI B RS AR A
FURE WA T <1 CFU/50 mL, B0 & & RE o
2.6 ARG B Ah BRI b A B Y A KRR

WFFE R, oAb B 05 Y s 9 i R B
A AR A KA R AR S0 A 7 R T
A WU 7 3 ok £ T 7 A8 5T T AR AR 3RS A T 4
2 6 frow : AL A 50 ‘CAEH 10.20.30 min
B, % B I ™ AR O AN B R AR 65 CK
P10 min K B8R 2 A R 09 VE HT, Bl & K B[R] 7
B, % 65 ‘CK T 30 min B AT % K £ G KA
JOBAT 5 I e 52 B i ) A Ak B B b 2 R AR K B
FRARE BT o PR ARG, IR T AR 23 0 PR 38 4 R
i HE R DL B R w0 UE AR R, BT
95 ‘CAEMH 15 min J& , BV W 0 i 9L 7 D i DLIE T A
T A R A, 2 B AR A 3O o R 2 0 B O R
i A B R SE R . AR SE R, AT DL GE R 75~
85 ‘CKTH 5~15 min [y FA b B 25 | SRR G mT AR IE &
i 0T ST IR B0 K B A R IR R H 4R AR
KR R B BEARAE 7 A o R A 7 e S i 1 K
W LA HR AL, B 28 G it T
e

Fo BT PR R AR AR
Table 6 Thermal bactericidal effect of spoiled bacteria in

vinegar

a2 ULZE B e B Je i
SR @# ﬁﬁ(ié%@ﬂl’ﬁﬁﬂ’)é?%ﬂﬂﬂ) >

Xt fE 0(34d) 0(4d) 02d) 0(2d)
50 °C 10 min 0(34d) 0(4d) 0(34d) 0(44d)
50 ‘C 20 min 0(3d) 0(44d) 0(3d) 0(4d)
50 °C 30 min 0(3d) 0(44d) 0(3d) 0(44d)
65 °C 10 min o(11d) o(11d) 0(3d) 0(4d)
65 °C 30 min — — — —
75 °C 10 min — — — —
75 °C 30 min — — — —
85 °C 5 min — — — —
85 °C 10 min — — — —
85 C 15 min — — — —
85 “C 20 min — — — —
95 °C 1 min — — — —
95 °C 2 min — — — —
95 °C 3 min — — — —
95 °C 5 min — — — —
95 °C 15 min — — — —

T 0 "R M BT R R IR N ] 30 d AR B

2.7 KBy R B T b AR B T ) 4 o AR

R 98 SCHk R 32N LA K GB 2760—2014¢ £ &
B4 [ AR UE B AN N AR B ) b i e
VE BRI R AR Tz 0 3 R B A AR o ) A
TN 5% 5 2 v R AT 00 R S 6 3 o 08 5% 7 SN T R
W 3 ol 77 5 790 %ok £ T 7 AR BB A e /0N 410 R v R
(MIC) . 254N 7 Fros, 3 Fh By 6 70 % i 7= < A8
JER I MIC 43 508 45 F AR HERR 509 6 £5 .8 i .8 1,
R AL R BR 6. 00 g/kg K FEFE AR H R 1R 2. 00 g/kg.
NISIN 1.20 g/kg, 1M £ & 78 00500 48 b o o 3 Ff iy
Ji 00 118 B A o 23 300 S L AL TR B 1. 00 g/ kg X R KR
KR M 0.25 g/kg  NISIN 0. 15 g/kg, i LA 3 F
7 J65 70 0T £ i 7 SR B R Y MIC B R T 45 A 1 B
KAT TR B Am o, A AR S BR A 7 i F op, A e Al
FH 3R 3 Fof iy J5 700 40 1 £ I b e AR R AR
IS0 577 65 39 G A5 B T A 7R AR o

T BT T TS Yl B 4 R

Table 7 The inhibitory effect of preservatives on contaminated

bacteria in vinegar

% H PR bR i 97 185 751 44 Bk UL 3] BE 1 19 8% 75 i 1] )
/1 1AL R B PR L NISIN
0.25 0(3~4d) 0(3~4d) 0(3d)
0.50 0(3~4d) 0(3~4d) 0(3~4d)
0.75 0(3~44d) 0(4d) 0(3~44d)
1 0(3~44d) 0 (4~54d) 0(4~54d)
2 0(5~64d) 0(5~64d) 0(5d)
4 0(6~74d) 0(6~74d) 0(6~74d)
6 — 0(6~7d) 0(6~8d)
3 _ _ _

10 — — —

12 — — —

T 0 "R BT — " RN IR I ] 30 d AR WA B R
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I T e B 57 e ST — o R A T T U
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