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Application of Three Functional Bacteria in the Enhanced Fermentation of Baoning Vinegar from Sichuan
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Abstract: In this study, three functional strains of aroma-producing yeast, highly efficient acid-producing acetobacter and
polysaccharide-producing lactic acid bacteria were applied in the enhanced fermentation of Baoning vinegar. Results of
enhanced fermentation with single starter cultures showed that compared with the control group, the number and relative
contents of volatile compounds in vinegar fermented with aroma-producing yeast were improved by 17.39% and 20.23%,
which were 27 and 79.65%, respectively, and the acidity of the samples fermented with acid-producing acetobacter and
polysaccharide-producing lactic acid bacteria were increased by 82.75% and 155.75%, which were 3.18% and 4.45%,
respectively, along with an increase in organic acid concentration of 23.46%-389.21%. Additionally, the polysacchairde
concentration of the vinegar fermented by the third starter culture was up to 1 143.78 mg/L, which was 68.43% higher than
that of the control group. Mixed culture fermentation containing 40% yeast, 16% acetic acid bacteria and 44% lactic acid
bacteria at an inoculum size of 1% was demonstrated to be optimal for obtaining the best product, which had an acidity
of 5.28%, contained 30 volatile compounds and scored 85.65 points in sensory evaluation. This research can provide a
theoretical support for improving the flavor and yield of Baoning vinegar.
Key words: aroma-producing yeast; high acid-producing acetobacter; polysaccharide-producing lactic acid bacteria;
Baoning vinegar; enhanced fermentation; mixture design
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1.1 FEk

MR T B B R AR, BRIRA A TR
53 08 R R L U RE (Wickerhamomyces
anomalus)  BEFRATH (Acetobacter sicerae) TR
AT (Lactobacillus femertum) , Hp=F . HrciR. &
7= 2 B A BT AR R S IRE
1.2 HFEE 5

W BETR IS A S 3 KB IR BN 2 2R it R o e (23
HRESENI%) . BRI YPDE SR (194
FR 1RBEREE . 2% &8 HApHIE. 121 CKEH
30 min) o

TiE R T (AR A S A KRG TR B N R R R K5 7R 2 (1%
BRE. 1%BEREE . pH 4.5, 95% LB » i HE g
FONY KRB FRAIER_ IR IN2% B8 2%BRIRES «

FURBEAL . T KIFFRIE S MRS 77 5, 1H 0%
FrHE ) A IN15% 3501 L2160 me/LiR Y 5 .

R EE R : 2k 2 640 g FE660 gv 51k
FERE4 mL (FERERNO.6 gv 7K240 g & HE4.8 g, 30 C
A FIEM30 min) . HEALEF4 mL. /K2 857 g (XFHRZH
K& R2922 )

R B R FALE O RCES R Ak R
HR. LR, AR, ERR. BHAK. FER (&
P4l E 2RI =T AR AR, Bebbh 2
BEREEA A IR A W]

13 {5k

T EAR A I e E TroemnerAH] ;12007534
WA IS, 5975 AR E S - i (gas chromatography-
mass spectrometry, GC-MS) BcHf  ZE[E AgilentA 7l
AR L (50/30 pm) %% [ElSupelcoAF]; SW-CI-IF

i TAEG TR RBIIRN ZRE ARG RA
LDZX-S0FBS LR &K W& RIBIRIEER)T 4%
e

14 Tk

141 SRALERARFR T &

AR E 3 MR AK B 23 S0l B T AH B IR AL
Re e, BEPR B AIEZRE R T30 'C 120 t/mingk R BE
75, FLERW 137 CHpEIEFE, M2 hillE KR OD0 o
B, 203 #REEK 2.

FhF ] % BEEL4 C A RAF ISR B AR, %
A EI30 mLAHR v 4 35 72 He b, BERERE . BEMR A T
30 'C. 120 r/minzk 1 N 597, FLBRW 137 CHpE IR,
ZXFEORI, IRIF—Fh T AR T X R 1 L4 %42
FRESATY KR, B FRAAFR b, B R 7,
SRR T E2I 5 P TR L
142 HRESERRBESCRTEN

BBE RIS A% 1.2 NV RIR G351, 30 CHRIER
B. sfbdil. 2. 300 F 51, 7. LRISINAR N 3510 B ik
RN . BERR B . ALRE A T8O » Ml
WINE 1%, SRR B IR E . 7RI BT KB
B CT-RIBS AT B R B AP T80, HG 1 dRiE:—
R, BRHIREIRT AT AT EALIRR: OKS &, pHIA. BRIE
) FERMEIR AR S RN, KIEAIN31 d.
143 TR SR W B AR R LA (1 1 e

CARRFE . ¥ R VLW TR A S BB PE 4 o deds, R
TR XV (BERE . BERR W A FLER D B E
BT A . R FON .27 BT il SR RS L 1930 %, A
PR R N R BRI 1%, REEFRWIN3L do
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10 g, A3 5B EZAM/KRI3 h, SWEIEMKLIESS, e
pHAE: FREE: FREUEERZ10 ¢ T30 mL. 80 ‘CZEM/KH,
B2 hg, PAZRIBKERESO mL, MZHEALIE, &
2235 A% GB/T 5009.41—2003 (A T AE AR 20 47 5
Ry BT, ZRERERE: RECHE SRR 10 e, T3 6%
JRER AR IR I3 h, WUZIEACT I, R -RERIL
MisE .

1442 $RMERRY) 53 AR B S0 e

FE RN AR P L AE X & 8 2 2% SCHR (231052 - 4353l
FREUESEE L g NaCl 2 g 7847K6 mLT-15 mLAfE S
BE, BEAE50/30 pum DVB/CAR/PDMS % HY 3L 4
NEERORTHZS 37y, 760 T+ 600 r/mins& 4 T 18 I F
710 miny WX FH30 minf5, K EHCELEUH HEIE A GCHERE
F1, RN JE Zh A RS, AR3 min.

GC-MS/r#r4&1F: HP 5890/5975 GC-MS I A ;
i HP-5MSZ (30 mX0.250 mm, 0.25 um) ; #
R B BEREIREE: 230 °C; BEREE: 1 uL; JHEM
¥ WiR45 CARFF2 min, 5 C/min FFFE180 C, #4F
1 min, 25 ‘C/minF+#]230 ‘C, {££F5.5 min.

BB i ENLTE RGINISTSRTLPESTAY %
KA &, VUBCREE K T-800 (2 K1000) I B F LA
Wi, MHRE—E S S .

1443  FAHLE S ENE

B ST AR R0 FREX30 gl T-90 mLZE K
PR M2 h, XWZIEAGT . KR EHS.0 mLEER |
2 mL 30%BRREFATR . 2 mL 10.6 %A AL VAR ST,
PAddH,05E 450 mL, Z i E20 minf5, 8 000 r/min &
D5 min, BUEIEWUH0.22 pmfyFL e i g .

WA A% %7 : Gemini C, ik (4.6 mm X
250 mm, 5 pm) ; ¥Rz A(NH,),HPO,-F & (95:5,
VivV) , pH2.7; #FFFE20 pL; ¥i#0.4 mL/min; FEi
20 °C; ERAMEI#53K210 nm.

£1 HBAEREHSE
Tablel Concentrations of standard solutions of organic acids
HILER &/ (mg/25 mL) HYLE &8/ (mg/l25 mL)
R 117.3 WR 250.3
RHIR 256.0 FrR IR 259.2
FLIR 249.2 L 248.6

PR RO A $5 3R LVERR I 18 FiE HLER AR vE 7
W, FrHIEELO. 3.0. 4.0, 5.0. 6.0, 8.0. 10.0 mL
EHURAMER R, PAddH,OE A ZE10 mL, FtHIAS [ i &
WIE AR AT -

AR EES EREST: FA R =R A VLR
WEVS AT AR R 26 PF R bR, DATTELIREE A bR VIR
PR, efilbRrEh 2, RAEIRSMREE &, 32
AFEIE VIR LG AR AR R (R2)

#2

FHURR I i 28 B K R 2

Table2 Regression curves and correlation coefficients for organic acids
AHLER  OREI I [E)/min [ 4 it 2 R
LN, 7.713 y=16773.0x+1 064.2 0.996 9
L3R 9.675 »=2434.60x—261.49 0.992 1
FLER 10.853 y=1199.10x+265.88 0.995 5
VN ivy 11.372 »=1632.80x—48.18 0.996 5
Frigm 14.301 y=2767.3x—49.0 0.996 0
IR 15211 y=1526.40x+168.52 0.997 4

AHRE B USRS, % LR R %0
R, T AR AR S R

HHR SR (2100 g i) =

pXNX 100

mX (1—w) X1000

b p o oA HURR b A 2 T 45 HLIR Jot Bk 2/

(mg/mL) ; NAFE SRR AE 3L

M I 7K 23 o e K % o

1.4.5

E Y

m N /g ol

Z#%GB 18187—2000 (FRiG & HE) AHICPEN bR,
e N TR R, IR3FTR.

#3

BERRE PO PRS- FRE

Table3 Criteria for sensory evaluation of vinegar

E i VP b 135
Sl fEikeS ERO IR AR 10
(1549 W WREW, THEREM S
HAE FERM 10
KUtk RN i) B EIAFR0 B E S
(3073 A HAHEEg, TR% 5
e ZERESHAL, TRl 10
B IR, ARk 10
" KA HEOZERL, RBB%OME S
o BT I RO ikER0sU L 5
R R, Ek S 10
W T 4 3 FAVRE T, TAlMERRTE 10
. R AT HEARRH 5
BEOR  mmamnmr REREHEERERET S
AR IR MRALRE, RBWMFI S

1.5 HIEAE S5

SEOG IS ALTAT, BOFIME, BUE AL FR Ko b R
FHSPSS 2244, AHIE I 2211 5K F Origin 9.0%4%: .

2 HERGHH

2.1

SR T PR A G R B Ao Y

HIEAT R, BERR T . BEREE . FLIR RO EOR 2 )

N12. 14 12h, TRECRUISFE — R . Pl —H
B L4 1 D BRHEAT Y KB 9%, BTSRRI
BRI 5IH1.5%X107, 2.3%X10% 8.5%X10° CFU/mL.
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Fig. 6  Polysaccharide contents of vinegar samples

HE6RT A, KL SR IR SRAGALL. 200 2 B
JRERE AR R, ¥4 T-600~700 mg/L, sk
32 WE T R R R T HA3 2H, TA 31 143.78 mg/L,
S0 E LN EL R v T 68.43%, 2% WIBRAL ZH 37E [ A R gt
T2 AT B e WA T 1 22 B o B R P
2.3 TRBE TR I B M L IR B e

#4 IHEBCRENRERTRERDH
Table4 Mixture design in terms of experimental values with
response variables

R} s T | AT > SRR
Lt R M T
1 16.7 16.7 66.7 5.110 24 79.85
2 333 333 33.3 5.100 29 83.45
3 0.0 100.0 0.0 3.377 23 70.65
4 50.0 50.0 0.0 3.228 28 74.70
5 0.0 100.0 0.0 3.594 22 73.45
6 50.0 0.0 50.0 5.015 29 84.45
7 16.7 66.7 16.7 5.209 26 85.65
8 50.0 50.0 0.0 3.415 26 76.65
9 0.0 0.0 100.0 4.999 21 80.10
10 100.0 0.0 0.0 1.356 29 65.05
11 0.0 0.0 100.0 5.132 18 76.34
12 0.0 50.0 50.0 5.228 27 80.50
13 66.7 16.7 16.7 5.373 30 82.05
14 100.0 0.0 0.0 1.465 30 63.85

H R R AL R IR R A2 A R T R I v
RNk R (R R A &, MRt 3BT
A NUIR b 2 WE DT B E . LARREE . H5 R AW o1 e £
PARRRE VP 4R bR, R TE B E 3 R IR B 8N
bl (R4
231 REEMKES S 2

a A BEEEEBRN LU 1/%
100.000

b A B BERE RN LA/ %
10(3.000

fOO 000 0.000
C AR AT LLA/1%
FERVEY B AL

c A T EER RN LG 451/ %

100.000 0.000 100.000
B SR P L)/ % C LI RN L%
BEE
H7 EMEXREREREORE () . EREDRME (b) |
BES (o) MW
Fig.7  Effects of inoculation proportions of mixed starter cultures on

acidity and the number of volatile flavor compounds and sensory evaluation

MRYE R Wit 45 1 (£4) , FFDesign-Expect
g ) S AE AT R 2 B RIS, 0l L R
(YD -~ EREDFRME (V) « EEES (V) 3 ME
FRIGEARERS, Horb, 4. B, CHARMREEBEREE . BEFR
B ALERE RG], SR

Y,=1.534+3.53B+4.92C+4.334AB+8.004C+
4.80BC; R*=09175, P=0.0004<0.01;
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Y,=29.644+22.50B+19.26C+3.794B+16.444C+
21.58BC; R°=0.9316, P=0.0002<0.01;

Y,=64.804+72.74B+77.29C+34.064B+53.544C+
24.58BC; R’=0.863 6, P=0.0026<0.01.

I A T RE AT T ZE A Al BN, 3 MR A B
WRFE K (P<0.01) , [EIEAREA RLF, R FE
IRGFHA A T bm 5 T 7 LA 6 &R o

EHPE 7R, b HAgnt TR P PR s /N R PR B >
PR TR > W RE TR, X 44 R R ) o i 1 2 i) R/ o %
R > WS TR B > FLER A, W IERE VE 7 5 W K /N FLIR 1 >
e 1R A > I BE TR
232 IREREERAAEM L

WRIEFRALEF, FIFRE ¥ Optimization I B,
ify 5 VR PR 5 A R TR ) o P LA D R BE R 40 % T
PR 16% . FLERH44%, FHNTNME AR ES.37% %
RAED B R K28 B BE 1T r84.92, WIE{E N BRIE
5.28% ERMEVIF30 Fh. BEPE4Y85.65, WE{E 5T
DB A — 5L

3.5 #

Sxt AR, smikdl1. 2. 3HIpHAE /> B F B
0% 12.47% 22.63%, taEfE4.33. 3.79. 3.35: MRJE
A ETHT 8.62% 82.75% 155.75%, FaiEE1.89%-
3.18%- 4.45%; Koy EEZEMAK, FEFE60.00 g/100 g
Fida o SEAKZH LR TR UK 5 1) o 50 B A % 8 4 il
P 7 17.39%. 20.23%, N27 Py 79.65%; ib413%
Wi B 1 68.43%, ikl 143.78 mg/L. 5%f i
HAHEL, SR 3RS h SR 5 SRR S Bl i 1
23.46%- 36.06%, N0.36. 2.91 g/100 g Tf5; #EibZH2.
3LTREG R AL S 737.78%. 44.61%, FaELE12.924.
13.868 /100 gTM: FLER & &4 & 195.54%. 120.11%,
FaEE7.841, 8.875 ¢/100 gTMs; MERETERE T
265.88%+ 321.80%, FiETE0.772+ 0.870 g/100 g+
Bt BEHIRR & R IRm412.19% . 389.2%, FaiEfE1.264.
1.203 g/100 g 4. 5 Bk, sl 2H 106 hn &l R
BRI FEOR SR, GE T REEXR, RAGA2. 33ma
B RANIR S &, $em T B,
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