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1 A2 56 DL A LR T M I8 B B A2 I BT R A 42 il
M LU B R IR A S AR A MR O I T
RS FLRR MR RS AL-2 i AR (i
FR R (TS e V38 A Uil 7R £k R ) 458 e TR ) 2
5o M AT=2/LuxS T AN A F 5 e B B X e )™
AT-2 {5573 1 LR B A T RS PR B 2 T, 0 TRAER
FE AI-2/LuxS HE RN 75 7L 18 % B TR S & B
PRZ b A IR LR BIE 2%

1 MRE5FE
1.1 #RERH
LL1 MR RS RERE (MM |
AT (W) CEIRRR SR (M) e s
BR 2R (WU ) B IR = (DY) (S 25 B R 5 (1L
T MRS (AR ) BRI R S (B M) 45 10 3K
T8 SR i B T R B & I 4k
AR (Vibrio harveyi)BB170 $5 F 74 B il A= ¥
FH TR E
1.1.2 3R FEANLFH MRS % R SR 5
B R OB TR S 97 &L (potato dextrose agar
medium, PDA) | i B 32 H K3 [ 75 %5 % (veast pep-
tone dextrose, YPD) R iz 45 7 5k | Jb 5 B id B2 A= )
HARARA ; e, R ERARL
Al AB BRI IR AR AR A R | 4
FEDI 4 DNA PR i P2 R & . FORE N4 DNA
R i HE R & PCR 97184549 .DNA marker-D .
Taq PCR Master mix, A T AW TRARA
Al BRIRAES  ToK R AR | LIREE BRIRE O
T AR EALER A PRI AR METR IR =T IR
Mg, b2 SR AE AR B ECR RS W) A
2y L WL AT R A WD
1.2 FENHFEMESE

DYY-8C HiukAL, dbmiAN— AR A RA
"] ;ABI stepone plus 3 & M55 =X 5 0 {X \5804R
VR R O AL, R ORI A R A
GI54DS 373w IR Z8 POK B, BUR (BT AR A
PR3 7] s DL-CJ-2N gt v TAE &, dbat i AR5k
M IRAX R il 385 A7 BR A 7] 5 Cheimdox XRS #E it 4
1%, Bio—Rad (3£ [# ) 28 A ; Imark BAR1Y , 32 & BIO-
RAD 73 5l ; BMM-480YS A= 9 i 45, 1124t
AL A BRA T ;UV2550 4640 A] WL a6 EE T

By Aol 4 2 (b &) A PR Al S TKA Vortex GE-
NIUS 3 ¥e¥z s, 7 IKA 2\ ;Bioscreen C 4
Hah AR K i brA, i iE 2k 5 & R A IR
Cils
1.3 Ak
1.3.1  FLERE FIEE LR sy B alifh. S AN H
SISk 10 30 F I SRR A AT Y BT
FT, 48 10 A58 B B, B0 B 100 L 35 ‘B Bp B2 7 B
WO EA T &5 H 1% CaCOs () MRS [ 14 15 5%
FEFYPD IR sE SR, AR5 E T 37 °CHI 30 C
FHEFE 24~48 h, 7E MRS [& 1455 7 5 v 5 1 145 45
Pl B 1 B R R AT 0 — 25 gl Ak 3L R B TR Ak, TE
YPD B 55 7% 3 v Bk I 25 K/ N — 1) B0 B VR E
17 1t — 25 ali Al B TR AR
132 EEESST AI2 JLRER L Ko
Ak AR I RE T 37 CRFE 18 h R, &
6 000 r/min 50> 10 min 5 Y4 15 W, M8 B 4
(0.22 pm) i € , 15 2 FLWR B A9 JC A0 M Vs . 4%
[) 5k WA 4 0 24 G BB170 JG 40 i 178 W,
[F A, 4 4E IR E BB170 4250 T AB WA 1% 3%
H FRIREEFE 2 ODsosn A 0.8 247,885 LA 1:1 000
T T 0 2 [C AR B BB170, I 2 BRI 45 05 )5 325 46
DU 2L 2 0 7™ A B A 5 1 AL=2 SR AR
1.3.3 o & EERE O 0f v 3m a R R s TR
O3S Sl Ak Y B RE R HE AT A RE IR E . 0.1
mol/L. NaOH Fr 1 ¥4 W 1% 52 1% B TR 1% 97 W 22 13 1Ok
BAEE, KE AR S E=EEE 0.1
mol/L HCI b 8 W A 241 (031 2%, 1 s i e T
#& NaOH 1 HCl PR B, 1540 181 i 3 35 0 v 6 i
o, ik A LR R R BB T
134 WHEE BAFEE.1) ILMRIEEY
YE . SR 2 QY AR IR B 100 £
B TR MRIE &, 2) B Rk R 25 S Bk
B T B T TR 7 FH T R R e 0 5 O B R
100 f5 9B N M FHRIE S .

A AR E S B A s
S I YOO LR TR B R AT AR B AR R
AR RER | A AT R AT

ST E . HRAE, AN
DNA P 3 iy $2 358570 & 108 BH 43 501 442 JC7L 1R 4 R 2
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BETE M DNA, Bl 27f; 5'=AGAGTTTGATCCTG-
GCTCAG -3’ ,1492r; 5" -TACGGYTACCTTTGT-
TACGACTT-3' I FLER W& 85 51 4 21, DL ITS1
(5"-TCCGTAGGTGAACCTGCGG-3") Fl 1TS4 (5"—
TCCTCCGCTTATTGATATGC-3") J BEBE 47 15 5
e, 2 BE R K By AU 2% R AR Jr vk A S A T
FLIR A A EEEE B ) PCR 9738 3-A5 699 36 7= 4
19 19 Bt JIG AR 068 J5C Pl TR R A7 G 360 5 a6 2 T A T
T (100 ) I 0y A7 BR 2N /) 2B A7 00 %, 6 BT A5 T 51 76
NCBI ¥ & v k47 BLAST [a] P8 ¥ b 523 #7 , )
H MEGA6.0 M 2 i1 R4 & B bW,

1.3.5 EWEHKNGIEZREEIT SRHAIESKE
2K LR B R B R 1 R R B R R L
P Ah i RS R B R T 10 mL MRS W5 37
CH: 7% 48 h J& , 5 He pH {E 1 ODsgs, VAL A 8
P i 2 B2 T AT R 33 T 1) R TR 2R A

1 BERKEHBR

Table 1 Encode table of factors and levels
KF/BE BFW/ELBRE BEAE/% EAEEC
1 1:1 2 28
2 2:1 3 33
3 1:3 4 37

1.3.6 HEECHE R A BEIEREIE  AT-2 7 6 o F Xt
B K LR TR ORD R RE R 11 A BRI L 2%
(R %) $EFT MRS W ,28 CH; 9% 24 h
Jo  He 1.3.2 9 Y 07 A DN A L B R A U S o
AI-2 Y RE S,

AR K R B T ) LR A R R B T
e 11 MBI LL 29 (R B850 A0 T MRS R 7
o BT 28 CHE SR 48 h filiHH pH THAIER AP o 00
TR 2 o A2 G BR B R SR pH A A
O D595nm 5& I& 7\% {E 22 o

T PR+ Xt 50 A U0 1 L TR R R T B B 4
1:1 B LLBI L 29% (BG40 42 Rh i 43 il 3 Fh T
pH {4 2.0,3.0 ) MRS W7+, F 28 CHi 3% 3
h, W5E O F1 3 h B EEE T2 ODsos, WOGAE , #2
L) T30 TR R 1 T 1 229

mﬁﬁ§2%(9@>=§%Lx100 (1)
A .0h WHAEIE N Ay;3 h J5 pH 2.0(pH

3.0) OB A,

i R - X S0 K 30 1% L R R R T R
121 M ELBI DL 29% (PR BA:580) 4 21 46 9 (4R B4
By R 3% ,5% 1 MRS A ,28 CHE 5% 48 h
Jei 3 I 5E ODsos, WGAE . 422528 (2) B B Fk
(AT 5 2R

mﬁ%&%¥<%o=§;fx100 2)

A R EIN NaCl 9 MRS ' ODses,,, WG,
BN By; WNNN 3% (5% )NaCl () MRS "' ODsgs,.,,
JefE, i M B,

ok i S 18 8 18 712290 b 0 B0 A K 0T R LR
PRFITEBE 4 101 1 LR A 2% (TR 40 50) Hefh
T 125 pg/mL NaNO, i MRS R 1,28 CHi 5%
24 hJ&, FH GB/T 5009.33-2016 H(EhARZ5 2
T G ) T TR 7 Y,

1.4 HIELE

K F SPSS 21.0 Bk 4 i B B 3R O 2 4 A
(ANOVA) X Bd o 47 & 35 v 224381, A
GraphPad Prism 8 ZK{FHEAT4ER],

2 #R5WR
21 ABRENSEB

I LR 1 7= B ] {85 7R 2 b CaCO, W MR
A VA P T B DA 10 AT B e I SRR e g
AT I A A P T Rk 56 Ak, 20 2% R Y BH P A
it E A S GBI PER)AE HE A 35 bR FLIR R bk
22 BEESHFA-2IBEMNGE

W HE GO (V. harveyi) BB170 J& 5 4E (K5I
W BB120 M AE BBk, Wb i M55 70 F Al-2
AL S OGRS 3k, N =4 & e R
BT, B 1a s T AR B RE ™5 550 F A1-2 (194
XFHEGER I, LRI, LR A AR BR Bk SH-
10-3-1 41, HEREHR™ES 0+ A2 BYAHXT 28
D BE 15 T B X BR(P<0.05) , Ul W R 43 FL
MR # A AT-2/Lux S BEMIE N R 40 (04 s
ST A2 MRE WA maEME . Hoh AR
B PR SR MRS 4 T AL=2 (4 AR X 2¢ S5k
B, R B FLRR 1 SR M Jm 223 56 A9 F 58 %
R
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Strain name

(a)

Strain name

(b)

# :5-0-1,SH-2-1 ,SH-2-5 JH-1-6 . JH-2-7 . JH-0-5 Jy B BE 1 s SR+S-0-1 y L T Rl B b 71 52 5 S e , LR T B 24
S FLIR B 5 R A TR) /NG S B AR RN [ Tk =2 9] A S 25 P 43 A (P<0.05) .
1 AEAEKFESSFA-2HBEMNEAERE () IBEEEH SN EE(b)
Fig.1 Relative fluorescence intensity of AI-2 signaling molecule produced by the different bacteria(a)

and content of total esters synthesized by yeast (b)
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I JH YD 35 5 9 540 25 53 8 0 o 4 784 A il

FEEBEbR 16 bR, Sk X FCHET B i 1 1 Lo B A7 O

i 42 L 6 BRIE BT 48 U 57 A R i o o

18 0.40 /L L 1= (P 1h) . IR ERE R S—0-1 Fi N N
JH-0-5 (9 SEE B AT % 0.50 o/L L b, Jovp | meh g S ‘

S—0-1 SRS A, 0.60 g/L, L, BEHG™ g
R BT S-0-1 15 N 5 0152 G % T TR Bk

(a) (b)

FLE&H SR(a) B & H S-0-1(b)i
AR 1B (10x100)

E 2

AR _ . . . . .
o4 EHEEER Fig.2 Microscopic examination of lactic acid bacteria

: ’ :T:_n I SR (a) and yeast S-0-1 (b) (10x100)
241 JBEFEESL FLIR R SR Ay Be ki 45 SR

W 3a Jrzs PR O B 22 IR AE JEHE R, o
B CHZ B REAT R, BRI S-0-1 B W&l 3b
JIt 7 | BRI 25 M (B | — i A s 24 5

242 FLERwWAR Afb¥wEsgif FLRE SR &
A A e SE A N A R e 2, M LR 4 T 2
U 7B R S 5 v YROT Ay A5 ) E A AT R

*2 IABESRMERE EULETEHER
Table 2 Physiological and biochemical identification results of strain SR

A %R A %R A %R A &R
o Y — + BRER + FEHE + L A8 +
I 40 43 - X F A + A + R -
W E AR - A% AT 4 + oA - BN -
R A + AR + NEEAS - ¥ 5L -
R A + vt 3 +

E:“+"}7ﬂﬂ’f$;“—“)7l‘ﬂ‘f$o
243 BBk 16S rDNA %5 45 # W2 i SR
%R S—0-1 20 3 47 16S rDNA Al 18S rD-

NA LD P48 90 7 25 S 7E NCBI B9 GenBank %4
FE AT IO MR G R B . H Rk SR S5
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FLAF B (Lactiplantibacillus plantarum) %) 16S 1D-
NA HIARMUTETS 99% (18] 3a), Wik S-0-1 5 EBE
Be IR B2 B (Pichia membranaceus ) B[R IR 14 % &
FEIRE U AALEE hy 98% (18] 3b) . PRI, R % SR 8%
YerE RAE I FLRT R, AR S—-0-1 B 48 0 y IR HE AR
P RETR, JHh SR 5 0 252 0 A 3 A Al 8 45 A
—5,
25 HEHERAERNERZIAR

i1 3% 3 AT, L pH (AT ODsos,, A IFAN AR
TE TR BRAEFD LU (A ) HeFh i (B) B FRIRE (C)3
AR 0 K S S e HE P O B>ASC LD
F b i X i T 235 R ) 5 e e R, RO R RR BC LG
RIG RIGFRIRE . B4 Wk E G R BRI R
A\B\C,, B4 5 Ry 2% 42 7P L) 1:1(SR:S-0-
1),28 CHEFEII RO AT

99 [SR
VHEFUFF I (MK311261.1)

LEMHH@ (MT516002.1)
I (MK311261.1)
62 P‘E?ML*F% (MH681604.1)

@ HEMFUFTI (MT473399.1)

— (a)

98 JELEE S REE BRI (KJ729311.1)
479‘—|7—s.0.1
fEEE S AREE B (DO198951.1)
FEEE B FREE RE B (MT004753.1)
TRBEE AREE R (DQ104715.1)

0.5

(b)
3 HEWIME SR(a)FEEEREZE S-0-1(b)K
RGEREWE
Fig.3 Phylogenetic trees of Lactobacillus plantarum SR (a)
and Pichia membranaceus S-0-1 (b)

*3 IRE.BEBFEAREBELR

Table 3 Orthogonal table of compound fermentation of lactic acid bacteria and yeast

I B /SLER A (A) A E (B)/% ¥ IREE (C)IC Gk
pH oD
1 1:1 2 28 3.8167 1.5253
2 1:1 3 33 3.8267 1.8733
3 1:1 4 37 3.8433 1.6763
4 2:1 2 33 3.83 1.633
5 2:1 3 37 3.8533 1.7347
6 2:1 4 28 3.8633 1.578
7 1:3 2 37 3.8400 1.5253
8 1:3 3 28 3.8400 1.8733
9 1:3 4 33 3.8833 1.6763
K, 11.4867 11.4867 11.52
K, 11.5466 11.52 11.54
K; 11.5633 11.5899 11.5366
k 3.8289 3.8167 3.84
k- 3.8489 3.8322 3.8467
ks 3.8544 3.8511 3.8455
r 0.0255 0.0344 0.0067
BT E K BAC
=k ABC,
K, 5.2146 5.1913 5.105
K, 49314 5.1154 4.946
K; 4.8627 4.702 4.9457
k, 1.7382 1.7304 1.7017
k-, 1.6438 1.7051 1.6487
ks 1.6209 1.5673 16.486
r 0.1173 0.1631 0.053
B F £ R BAC

AR A\B\C,
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26 EARMKAMESHT AI-2 Kk

Bl 1a ATHT, TERE B PR AR S-0-1 JH-1-6
JH-2-7 JH-0-5 /{5550 1 AI-2 M AR 9205
JEE A B A e B 108 B 3 S T RS BB A A AT-2
G50+ AR FLATE SR I B8 HE ok 9% B T
S-0-1 52 & K B 5 1A X 2 6 i o 35 8 TAH Y
FLFF B SR Hl & AI-2 (5 59 T H= 8 (P<
0.05), HE&wE 1 1.4 4%, Ui I ZLIR R -5 e Bk 18 & T
J&  BERER AR S T LR WG E T AL-2 19T
1o T AEIE Y A B, AN R B S LR B AL A
Ja ARSI HIE T A2 B4, B AT
RE = AN [ W BE TR AR - AP 25 57, A SR
FEYIRERE EFLIR B ALI-2 5543 F I A g, 1555 4
— AR A LR R A AR DT L R
A A2 550 T IRE ST , AR5 P A FLAT
B SR 5 i BEER R AL T S-0-1 B )R, BEREIA
BERE TIRE SN AL-2 55 TGS, ml
DA fige R Sy 55 REE 338 B AR I B T i 7 2 g R AR 38
W FIF A2 {550 T 053,
27 HHEmMABNAXEMLE
271 HWHRERERNERKESEE ARKMLTE
WSz e FL AT B SROBAL A Bl 5 R BE R I B
S-0-1 e J5 A KA 22 S . IR 4 mT 7
0~16 h H ¥ FLFF B SR 5 b ok 55 5 2% 52 s i BF
S-0-1 ZBLJ5 1 OD HIAE TXTEAEK W 16 h J5
HAREW ,32h JFiE AR, HMWARZ OD
H2 S AL (P>0.05), UL P FLFT# SR 5K
BEER R IR S-0-1 H 5 AE KRB IEH . Uk

—— SR#S-0-1pH  —+— SR+S-0-10D
6.5r ~a- SRPH e SR OD

3.0 § PR PR NP NP SRPUR PR PR SPIR NP RPN NP T Y
0 4 8 12 16 20 24 28 32 36 40 44 48

FiF 1]
Time/h

B4 BHRERAEBNEKMLE

Fig.4 The growth curve of the compound strains

fermentation performance

o S8 v B Y RE (Kluyveromyces marxiamus ) BE
g SRR WAL K,
272 WHREB KB RREES  pH EHZ KB
ok A v SR TR A A A 35 7 1 B R
WEESHZ — B3 7L B 0 | B
I i 12 A R 38 7 i XUBR I R T TRLUE 7 AR e )
2 T A o 2 T I 11 R AR AR

£ 0~28 h P FLFF R SR B il -5 5 28 KE Ak
WEbE S-0-1 & e J 1Y 7 R M &L 24 &2 F Bk 3 78
28~36 h Z Ak AV G2 ke e W, pH (H FE A R R
1 3.7 7247, 7E 0~14 h i A FLFF B SR Bl 55
FEM pH (Y8 T 2B A pH (E , HH ™ g h 28
T RE RS OEG I TR AR S TS R R . A
Uk, 78 b & B Ak A v T L R TR R R T A
C & % 351 A I = ot R W % e Ak DA R il £
AR T LUE I A FLAF T SR Sl 3% 552 5%
R BE S R R S-0-1 & I 09 77 R o Al A K
AR BA RO
273 FEARE A RN R SR | R A A R AR
PERE R R A AR R S RT L Tl AR Y
HETFO AR bR, HA TR AE 7 5 Y TR AR AT ) il
7 JHE 0T 3 Y A W BRI R 4RI 7E pH=3 Y
MRS ¥ 5= H i, AH Y FLAT I SR MY i iR 5 K
15.36%, FEHYIFLFFE SR RIS BE B AR e HE S-0-1
SEC K BE TR RN 74.5% 3275 1 4.8 1%, [l
fE pH=2 T MRS 8558 Kb | 52 0 7 Bk 19 i 2 12 92
AR AW S AR FLAT T SR SR REAH L
P FLAT B SR 5 BB L R i B S-0-1 52 Fid & 1%
J& KT RR BT A2 BE 7 bR R E MR (P<0.05),
Moslehi—Jenabian Z5PWF 58 & BH , AT-2 75 P4 1 5@ m]
B 0 g R AL R AT (Lactobacillus aci-
dophilus )NCFM Tif B2 5€ 71 ,pH 1 & 5.0,4.0 i1 3.0
FERYE b R, 5 pH (EN 6.5 I H, 43 BI3E i T
2,2.5 M1 45 5. ABESE LIS HAF A RARL,
B R IR RE S—0-1 RE WS i R S AR Y FLAT
PSR A3A AT=2 (477 15 2 i X R k38 P15, DA
Bt B R ) T PR

X FHE MESE A A BB, BB LI
B RN A R B H R e B R Y W an
23 1 JRURA W A M 2 A A AT TR TR
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RTE S W BE R T A A7 | A RN (% BB 7 2 1
HOZ A RE A% R0 07 P 7 9 5 55 2 T 20t v Y
BT iR bR, HER 4 AT TE 3% S%ER MR EE T,
ST bR S AE P FLFT TR SR S SR AR L HL £
REEE T 127 1.6 £, REEHEPRET KR IN, SME
B INAE 5 2> 7 AT-2 7T 4 55 g £ DU K BR B (Te-
tragenococcus halophilus )MJ4 Tt 5 A7 3¢ () #AK 52
A clpB . DnaK \buA BYEIKAKF- K, 356 H
BEER R BERE S-0-1 S FLAT A SR Bl S , 1
Y AI-2 {55 5 F = i, ATk — 203G 58 1 5

PR (4T £ BE 7

i TR % k2 i I S T R R ]
2R — B AP VE I AR AR, TR, R
VY 2 6 W f e 0 2 DEA0 TR R R S T R
i 32 ) B bR, 2 4 T, R FLFF I SR R
s IR R EE e R R R S-0-1 B K BE )
O i 2 £ 0 B A RE A I 2R 5, AR
LRI A 97.61% /47, UL, BB AT-2 j= &
L5 TR R I TR R A AR ) 22 R VA B A A G

R4 BEHRSESHKRMTER W FEETHRE TR

Table 4 Acid resistant, salt resistant, and degrading nitrite properties of single and compound strains

N B %1% CEEI
H A& I 75 8% T 3 5%
pH=2 pH=3 3% 5%
SR 97.63 + 0.02 11.04 + 0.01 15.36 + 0.02 84.38 + 0.02 44.52 £ 0.02
SR+S-0-1 97.61 + 0.02 23.25+0.02 74.50 £ 0.01 98.47 +0.01 69.18 + 0.02
3 #£ig [2] BifERE, wREI, fmik &, % FLERE Kk EER RO

ARBFFER VG HE IR S (V. harveyi) BB170
TR R A A5 7 DA T B 8 SRk TR Y 35 MREFLIR TR
i e ) 1 AR SR T T AL-2 B9 AE ) FLAT
SR, RIS, i 6 3R A% — k7 Fe & 35 0.6 /L 1 i
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Effect of Yeasts on Fermentation Characteristics of Lactic Acid Bacteria with High Production
of AI-2 in Pickled Vegetables

Li Xinran', Tong Xinyao', Gu Nani', Li Jianrong"*, Bai Fengling', Tan Xiqian',
Cui Fangchao', Yu Zhangfu®, Shen Ronghu®
(‘National & Local Joint Engineering Research Center of Storage, Processing and Safety Control Technology
Jor Fresh Agricultural and Aquatic Products, Food Safety Key Lab of Liaoning Province, Bohai University,
Jinzhou 121013, Liaoning
Dalian Polytechnic University Collaborative Innovation Center of Seafood Deep Processing, Dalian 116034, Liaoning
SHangzhou Xiaoshan Agriculture Development Co., Lid., Hangzhou 311215)

Abstract Lactic acid bacteria (LAB) and yeasts are the dominant microorganisms in the fermentation process of pickled
vegetables, and their relationship and fermentation characteristics are important factors affecting the quality of products. In
the study, high—yield AI-2 LAB and aroma-producing yeasts were screened from commercial pickled vegetable using
Vibrio harveyi BB170 report method and total ester titration method. The mixed fermentation conditions of LAB and yeast
were further optimized by orthogonal test. The differences in AI-2 production, acid production rate, acid resistance, salt
tolerance, and nitrite degradation between the mixed strains and LAB alone fermentation were compared. Effect of yeasts
on the fermentation characteristics of LAB with high production AI-2 was explored. These results showed that Lactobacil-
lus plantarum SR with high yield of Al-2 and Pichia membranaceus S-0—1 with ester content of 0.6 g/l were obtained.
The mixed fermentation conditions were as follows: inoculation amount 2%, inoculation ratio 1:1 (SR:S-0-1), culture
temperature 28 °C. Under optimized fermentation conditions, compared with L. plantarum SR alone fermentation, the AI-2
synthesis ability, acid tolerance rate (pH =3) and the salt tolerance rate at 5% of the mixed strains was increased by
1.4 times, 4.8 times and 24.66%, respectively. Meanwhile, the acid production rate of the mixed strains was increased.
but there was no significant change in the degradation rate of nitrite of the mixed strains, which basically maintained at
98%. The above results indicated that Pichia membranaceus S-0-1 could increase the yield of AI-2 signal molecules in
L. plantarum SR, result in enhancing the fermentation characteristics of the LAB and yeasts. This study aimed to provide
a theoretical basis for further exploring the mutual regulation mechanism of AI-2/LuxS quorum sensing in mixed fermen-
tation system of LAB and yeasts.

Keywords pickled vegetable; lactic acid bacteria; yeast; signal molecules AlI-2; fermentation characteristic



