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Abstract: Chinese traditional vinegars are produced in open fermentation conditions involving various types of microorganisms, and
improper control in the production process can lead to microbial contamination of the products. In this study, the differences in physicochemical
properties and viable bacterial count between normal vinegar (N'V) samples and abnormal vinegar (ANV) samples were compared. Additionally,
the gas composition in ANV samples was analyzed, and the potential microbial contaminants were separated and identified. The results showed
that in ANV samples the viable bacterial count exceeded the limit, the reducing sugar and total sugar contents decreased, and the lactic acid
content increased. The main gas that resulted in the expansion of plastic bottles was CO,, whose concentration was more than 0.005 in the
headspace of the ANV samples. Thirty strains were separated from the ANV samples, and 16 of them were identified as heat-resistant,
gas-producing, or preservative-resistant strains that belonged to the genera Bacillus, Pseudomonas, Stenotrophomonas, Serratia, Clostridium,
Aneurinibacillus, Brevibacillus, Sphingobacterium, and Delftia. Among them, strains PMB-9 and PMB-16 could produce white flocs that
allowed the fermented liquid to become ropy, and these were the main potential microbial contaminants causing the ropy vinegar. Strains PMB-3,
PMB-4, PMB-7, PMB-8, and PMB-14 could grow and produce gases in the vinegar, and were the main potential microbial contaminants
causing the gas expansion.
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Table 1 Analysis of the physicochemical properties of the

samples
HALSGAR NV ANV

pH 3.38+0.02 3.26+0.02

% JZ/(g/mL) 1.08+0.01 1.09+0.00

i BAE/(x107 g/mL) 3.360.34 1.70+0.07

BAE/(x10? g/mL) 4.80+0.13 2.77+0.13

RA4h/(x10? g/mL) 2.22+0.20 2.13+0.05

TH/(x107 g/mL) 0.49+0.01 1.51+0.09

$LBR/(x107 g/mL) 2.1340.16 3.18+0.12

BBY(x10%gmL, vAZEG)  6.17+0.06 7.08+0.28
AABAER(x107 mg/mL)  203.00£0.14  227.00+0.01

&4 i /(mg/mL) 2.37+0.05 2.16+0.08
TS BH/(x107 g/mL)  15.39+0.01 15.42+0.09

E: ANV £ R4 ANV-1. ANV-2. ANV-3 5 ANV-4 4
Mg REG-F H1E,

R ORIBRY S AL P R R B - BT A 5 77
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RN« W75 R AE IR AN BB K IR IR A5 4L, 30 °C
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IREREENIRD, B REIEAR . RIS IRk
PEFEACATAIAIR, SEfE R IR AR T ERAALIR
SN, ZERAF R A KR e A L
R, X SET A EREES IR FRERSRE S R RS, R
FET

AT A KARH R, AT LA R AR A =
RIRIEI LA AR, 2 S BALE RS
W USRI . RIS AN — ARG
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Table 2 Analysis of gas composition in the contaminated

vinegar
ZEALE/X10°  BALE/X10C  REMM/XI0C B A/x10°
>5000 FAb Kbk Kbk

22 FRAEELEIENAENSEEE

*3 REETIEESH

Table 3 Total viable bacterial count in vinegar samples

H o ANV-1 ANV-2

ANV-3 ANV-4 NV

EB B/ (cfu/mL)  (186.248.9)x10*  (40.7+2.9)x10*

(138.0£11.2)x10*  (2344.2+187.7)x10*  239.9+22.2
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Fig.1 Morphology of strains
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BT, SiRNE 4.

23 BETTRMEN E KA
16S tDNA 770 Hr KW 16 FRiE 2 5l & T

Bacillus, Pseudomonas, Stenotrophomonas, Serratia,
Clostridium ,  Aneurinibacillus ,  Brevibacillus

Sphingobacterium, Delftia % 8 /™ J& .+, E#k PMB-9
A1 PMB-16 J& T #HZREAT I8, RERSTE M &R IR 57
FRRE A B ORAR R (K 20), FEOKE
WAREA, R S EEAT R R A ) T RIS R

AHTFARE, R E AR Ss, B
BERGED S, A SO bR PMB-9 Fll PMB-16 724 U3¢

VBRI R, SUGER T 2R e, &
R FECERETE . KRR REZ —. BEEAR R4
RATHL, Bk PMB-3 (2R RyDH [RT#)D . PMB-4 (Zf
FEFFED . PMB-7 (D PMB-8 (B LD
A PMB-14 (MERBREZFAATIED REWS7E Tl IR It
A K IR (B 2b), Bk 5 PRI 2 S EUEES K
AR 5T ) B AR S Y E . SR AT B AIARIR 2R 1
FFRAETE TAR el Nl S R BRI R i e 2
23, el R e Tk, e, 2R RS
RIEZMIEmEE. OGS, AT RBLER
I TSR R, RN ZF AT R e A A2
HA Gyl CARIRSE 2 R XK T BOIRZ fAT
WREHRBPE TIREAIIR, + 8 BihAIRA
&%, Clostridium aciditolerans R¢7E pH KT 4.0 HI2% 14
TAK ZFAAT AR AT B B P AT A BT
WZFARREPE, IR P R AN, AT RE SR
PRI, SR EEEIK ORISR R 16 MRIETEIS 4
WA, Sphingobacterium . Clostridium . Serratia .
Pseudomonas Delftia. Stenotrophomonas “5{EW) =&
BN Y B R 4y 1331, Niel i 2 35 R 41
SFHOR I R KR B E 2 B, R Bk
6 MR TERBEN B CAArAE, (HHRAARTREIAAR
Ho HATALELEXS BRI A A VA& 2 R 7>
MrHRIE B KB Delftia F1 Stenotrophomonas J& FITAE
Y, EAR AT RERUE T ) [l 2 SR K S Ak At
2N

[ 2 pEAE AR EM AR AR SIIESY
Fig.2 Precipitate formation in sugar fermentation and gas
production in vinegar fermentation
E: a, MRBESHEARILE; A: PMB-9; £&: PMB-16;
b, REELE A HBMEILGRFARAAZE. PMB-8.
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PMB-14. PMB-3. PMB-7 #= PMB-4.
®4 SRR BRE KK

Table 4 Characterizations of the isolates from contaminated vinegar samples

. o BEBEF  REEAL L " SFZE .
Yo% 16siDNA Ko s et FER RTA ffg ﬂﬁ;:;i AT AR LA Q;ﬁ; A
9 = 55 1% 3 > ‘ 2 £ L3
o RE AT Jray L B 45 B pagsy R
Aneurinibacillus
aneurinilyticus
PMB-1 . . 99 + + - - ++ - + ++ ++
(PR wE A F 5
FoAE )
Brevibacillus spp.
PMB-2 . 99 + + - - ++ - - ++ ++
(F3HH)
Serratia nematodiphila
PMB-3 o " 100 + - - + + - & + ++
(LR RVERE)
Bacillus spp.
- s - + —+ - + —+ —+
PMB-4 ($30HTH ) 100 + +
Clostridium spp.
PMB-5 N 99 + + - - SN - - + ++
(BRARFROATH )
Delftia spp.
PMB-6 i Yiia spp 99 - - - R i+ - - + ++
(RRRHH)
Pseudomonas spp.
PMB-7 o 99 - - - . ++ - - + ++
(B3I )
Stenotrophomonas spp.
PMB-8 . 99 - - - + ++ + - ++ ++
(FEEIH)
Sphingobacterium spp.
PMB-9 PR R PP 99 T 7 + - ++ - + + ++
(BREFATH )
Clostridium
PMB-10 aciditolerans 100 + + - - ++ - + + ++
(T ERHARF IATE )
Clostridium spp.
- B 1L e p 1 b - - + + + + ++
PMB-11 (B FOATH ) % * "
Bacillus subtilis
PMB-12 » i 100 + + - - ++ - + ++ ++
(FFFFIE )
Clostridium
PMB-13 aciditolerans 100 + + - - + - + + ++
(FBRHARF JOATE )
Clostridium
PMB-14 aciditolerans 100 + + - + ++ - + + ++
(FERMR F JOATE )
Clostridium spp.
PMB-15 R i 100 + + - - + - + + ++
(BARFIOATHE )
PMB-16 Sphingobacterium spp. 9 _ _ + B — _ 4 N —

(BRFEATH )

338



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.11

QA I TS FE A, AR A R A5 F 5
= SRR P AR S YA e K B .
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X 16 BRIBTETS YR ARIAT T A KR b7, B FETN B
AR TR SR, SR IE 4. 455K,
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16S rDNA il 753 #r BH H 533 J& T+ Aneurinibacillus
Brevibacillus Serratia. Bacillus. Clostridium- Delftia.
Pseudomonas- Stenotrophomonas 1 Sphingobacterium .
PR B PMB-9 Al PMB-16 & AR P77 A 1 L 2000
Yo, KIEBACKH, e P BURERIAM ) 1 2R S G

WAEYD; Witk PMB-3 (MRZk VDR IR PMB-4 G
FFFEE D PMB-7 (BB PMB-8 CE & LR
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