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P TBATLBAEIN S A R R A A

A, LR, 2LEFE, LOK
(T RARAEDRRIT EREEL A ABRAYRRELERE/ AAARRBAE LA T EERE/
JRARESERHARAEEEE, & 7 M 510070)

EE: [H )5 B 0% i X BRI FLBR T Lactobacillus spp., FEHEAT TIREVEANT, L IR 1 72 T BT Ml 7 F 324
FEA . (735 JCARR PR KUK B0 S R Ui, DAV S B /N AR R 34T W77, DA BR A8 ) A e br b AT 2, Jfik—
WAL T O 445 30 00 FLIR B A PR IR MR R AR KRR TR i AE Eh DA R A R R R BE AT . (85 R 13RAG T 10 kT
£ pH 3.0 A KM FALTRTE . Hrr, WAk SC3A I DI3 4 % 8 NI BEFLAT W L. pentosus, Witk SC15. SC16. DIIB,
DJ10C. SC8. DJSA. DI8B fl DJOA N K EEFANT T L. fermentum. [ZHEFLITE DI3 A SC3A (K7~ BR A 1. KA K%
e RV J5 B IR e ) R A T R B FLAF T o TR I FLAT B DIBA F1 DI9OB (iR R AN I AH £k BE ) K .
(4510 VAR XU A i 0 BS 13 3 7 10 AR EL A BRI 7= IR il B A0 40 B A8 0 M FLIRR B, 76 & Rl ol p B
7.

KBEIR): FLIRTA ; 435 455 5 PRI FIVBRT A 1 5 TN IR s T AE 2
FE TS S816.3 CHRFRIRAD: A XEHS: 1001-411X(2018)02-0095-08

Isolation, identification and probiotic characteristics of acid-
producing and acid-resistant Lactobacillus strains

LIN Longzhen, ZOU Weiling, LI Anzhang, ZHU Honghui
(Guangdong Institute of Microbiology/State Key Laboratory of Applied Microbiology South China/Guangdong
Provincial Key Laboratory of Microbial Culture Collection and Application/Guangdong Open Laboratory
of Applied Microbiology, Guangzhou 510070, China)

Abstract: [Objective] To isolate, screen and evaluate Lactobacillus strains with excellent acid-producing
ability, and offer materials for application of Lactobacillus in feed industry. [Method] Using acid flavor food
as samples, we isolated and screened Lactobacillus strains, initially according to the size of calcium dissolving
zone and subsequently according to acid tolerance. The acid-producing abilities, growth characteristics, low-pH
and bile salt tolerance, and antibacterial activities of Lactobacillus strains screened out were further studied.

[Result] Ten Lactobacillus strains capable of growing at pH 3.0 were obtained. Strain SC3A and DJ3 were
identified as L. pentosus, and strain SC15, SC16, DJ9B, DJ10C, SC8, DJ8A, DJ8B and DJ9A were identified as
L. fermentum. The acid-producing abilities, fermentation growth rate and antibacterial activities of L. pentosus
strains DJ3 and SC3A were significantly superior to those of the L. fermentum stains. The L. fermentum strains

DJ8A and DJ9B showed higher tolerance to acid environment and bile salt. [Conclusion] Ten Lactobacillus
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strains obtained from acid flavor food have strong acid-producing ability, acid tolerance and antibacterial

activity, and have application potential in food and feed industries.

Key words: Lactobacillus; isolation and identification; acid production; antibacterial activity; acid tolerance; bile

salt tolerance

FLER T Lactobacillus spp./&—FHE K R /K AL
B A FURR B R = BH A I A I SRR
TR, B VE 2 B BRI T =48 A P AR R
I, FLRR B AE Ny — M A A 22 e PR il AR AL
RO a6, PR TS 1N RS

FEBRAE SR AR B I — N R . AR,
PRI — AR AL H Sz B A AR A
ARENER, AR L8R INER . A7 8 B AN BE 3 R
55, AMUBEFEAK B W18 pH, $HI]. 5% B0 18 5 5
T 38 B RSP, (R IR RE S s 1 W T i AL
TEE, AR BRI, 220 B i T RE 2L, PRI
T8 KR ABL T R, T AR IR = 8 & A K
e BLAb, FLER & R I A HLIR IS A B T o5 3 1a k)
77 il R R, 2 i TR IE 1 AR 7 5 DR 5
FER AR A HANY (R, 75 SEPRAE =, =R Re
5eR PR LT B A 5 v O N FH A

H Al 72 & b AVORAEE S AT, LR T 1R 7 TR g
JIEHE 2T AR, R K E AR P ALRTE
P2 A A LR AE 1R RE AN TR B8 AT Mk B A S 2 S AL
RO E DL B B8 7 D9 48 A i 128 FL IR B B BIF 9T 6k
DARIE . Ayl AHTTE AP ER R BN AR bR, R
PR U B i 7 I8 48 7 IR M RE A R T R FLIRR
BR, 0 FL A AR T 52 14 DA R 40 5 iR T g
BEAT AT, DU O PR i £ T BT b o () gk — 22
FHIR AL R B AR SCHE

1 MR57EE

L1 #

L11 #skR B BROMEET M Zd
A ST 5 Mg S e AR 4 BT S Tl AR P )
(1 £EFR).

1.1.2 487 H KWWIBEA W Escherichia coli ATCC
8739, 44 (1] % BRI Staphylococcus aureus ATCC
6538, LRI T AR A A T A DR O

1.1.3 4Rk 1) MRS WMk 775 A 10 g,
FE 10 g BEERNY 4 g, BEREA 4 2 g, I IR =
B2 g, LIREN 5 g HIEIBE 20 g, EIE-80 5 mL, fiit
FRHE 0.2 g, MiMRHR 0.05 g, BAIKEARAZE 1L,
pH & 7.2, 30 R INiE | A kS, 121°C &4

K 20 min; 2) MRS B g 55 98 5. i 5 A
MRS AR 755, IS INEIERY 15 gL' 3) SRR
FE ) MRS g8 753 (CaCO5-MRS): MRS i fi £
FEIEPFIRINTEIRE N 20 g L' MRIRES; 4)
NA WifERE 756 AW 10 g, 2FNE 3 g SALEN S
g, W pH £ 7.3, 121 C %4 T K 20 min. 5)
NA BEfIERE 72 Bl 7 [R] NA WA RS 72, v mefis
¥15gL .

1.1.4 RBEL5XA K & EERKES
HVE-50(Hirayama, HA); it i# TAES SW-CJ-
2FD(F59% 2% 7%, J5IM); PHS-3C %Y pH it (FH#L, L
) 16 % PCR 1 GSX1(Eppendorf, {8 [H); i 4l /K
Bl RM-220(530], i1 H); B0l 5424(Eppendorf, 14
s LKA (75—, db50): KR PR 4748 MDF-682
(Panasonic, HA); A4k 357748 LRH-250(7H AR 2@ F,
i) s B AT L4 6O FE T Ultrospec 6300 pro
(GE Healthcare, 7% [H); Bt/ 544 %4t (BIO-RAD, 3
[E]); 1% DM6(Leica, 1),

FEIRF: 2x Tag Master Mix RI A PCR FiliE
¥ (Microanalysis, 3% [H); 4l & 16S rRNA 8 H 5] #):
519 (27F): 5-AGAGTTTGATCMTGGCTCAG-
3" RS54 (1492R): 5-TACGGYTACCTTGTTACG-
ACTT-3'. 519 Filg3e & AME AR A RA A
ARG A HER I BT ARSI R R 2 F
FUER A7 it A S Ak A Y o e, W T 2R
AR RHE A R A =] Foph w703 ik 1 &
FEO Rl A
1.2 7%

1.2.1 B4R E TS, &R 8.5g L
()4 ER KB o WA VAL s LU AR RV A M B B A
[V FE, HL 107 107, 107" B B 1) B R A CaCO5-
MRS 4R, 37 ‘C JREFEFF 48 ho BRHUAES B K
V% TE MRS i b RI2k 588, e =4tk #aifk
J& TR T HEAT B 2L et B K HL O, BE i il iR 56
B TG BF AL 2 fk B B 1 0 R 2 BE T R bR, BT
@ 9 10% BH 3, -80 °C fRAF&H .

1.2.2 ik datBRSLERHA F 6 mol-L ' (IELER 4 7
V5 MRS WA R 7255 pH £ 4.0.3.0 f12.5. K5
AL SRAG I LR B R AT TR AT B IR B AR K
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MRIEBL, S 77 IR T PR 7L R T ) 7 125 26 5 % A Rk 97

WG, 1% o N 1% B &5 M 2 pH N 4.0,
3.0 F12.5 ff] MRS ¥R B F= 5, 37 C JRERE 7%
24 h, DLRIERNEOAE N pH RS IR 52 AXHE, T
600 nm I~ 75 2H 1R R R 6 2 B, 39 B e 12 BB AT
(1 FLIR T AT J5 B
1.2.3 fhkatfe LB A U IR B AR K
VIR TR 122 7L TR 1 9T 86 TR VL 1% 0 DN 1% B4 A0 )
RS 01,2 F13 gL - HERH) MRS Wik R: 57
5, 37 C JRESKMF N 9% 24 h, T 600 nm 4%
H I
124 BAEE FBAELEE BIRIERS K
%A T MRS “FHR b, 37 C RE%M FHFE 24 h
Jei > WSS BR T R s SRR VA IR, A,
T T M A o

16S rRNA £ [H7; 1 % 5E : KA CTAB !4
HUA%5 % 5 AR B JE R 4 DNA, SR 40 16S tRNA
FERIEF 514 27F F1 1492R #E4T PCR #7184, 47184
KR KFEF S W SCER[14]. 31671035 b 25 %
AVELGRIEERAFME . K2R
Genbank 317 Blast FLXJ 43 #r, FHiEEE & P9 io 2/
1) 16S TRNA FEF 741, KA MEGAG6.0 #4142
RAKEW.
1.2.5 mEZmak ) IEECATLE pH 3.0 AR KBS
PRELHTE RS 77 48 h, BRI B 78 7 50l B2 b &2 K B
J& pH M 6.60 [f] MRS WK #2561, 37 C JRE K
R E55% 24 h, 4 °C 244 10000 rrmin”' &> 10 min,
F pH & B T BLHE I e K B S W pH R, 2R
[E 5% GB/T5413.34-2010" F 77 y2: 000 52 i 2 BRI, I
DL ZRVEIR B (OT) s FLIR 1 R AR NI R B, B
100 mL & EAHREFE 1 mL %5 0.1 mol-L™' ) NaOH
WA T 1 oT, FAm e R ES 3 P47,
1.2.6 M@ L LLRHIEAR ATCC 8739
A4 O A ERE ATCC 6538 N8R, LA NA B
FrREAE N TR N B R IR AL, (A AR AT LI AT
BRI o 1% o N 1% BIEFR & HH i K15 4 1
FG i A B BR B, 28 °C 261 T 180 rmin #RZ 177
17 h, fHEARIKREZ N 107 cfu-mL™'s B 2 mL
R K B 4% A T A B A A BRI TS 200 mL
ZLRAL G PRFFAE 50 °C £ A NA 5537 3L 51, 18
TEBPPAR HISCE 4 N FTCRFSIEREN 20mL
7 5 AR o 5 ] 5 BCH AR AR, ZEFLHOIN 100 ul
F LR 1 A B LS5, DL E AR pH H MRS 25 A
R e doNn R, M EE 3 A TATIRE, 37 'C &14F
FEEFE 20 h, I E T PE ELAR
127 dAKWMERFiRmE  HLER, H&

http://xuebao.scau.edu.cn

FhF, 1% 0 N 1% )3P0 & HF0 2] MRS WA
Wb, 37 C &AM TR BEARE 2 h BX 5 mL
R Do nm 2 pHs 73 LA Do m A1 pH YA
ARAR, AR [R] AR AL BR, 22 i) B AR AE K il 2k K= TR
I

1.2.8 &R Az &M R ECH] pH O 2.0 FI
2.5 [f) MRS AR FR AL DL pH 6.6 H% 3 gL'
A HEL ) MRS VR AR 7R 5L B O A 37 C IR
PR3 20 h PIRF B SR ILIR R T 4% 0 N 1% 1)
BRI RS pH 2.0.2.5 504 3 gL' R HE:
] MRS WAk B 37, 37 'C RS NS 37 3 AN
6 h, HUAIE MR £ O AT IR A PR, HES
3APATIRES, 37 C & FH55% 48 h ), IR HVE
230~300 5 [ 1P AR B AT B T EG A A R
RO EIE B EL cfumL .

2 ER5H5%

2.1 FERER S B

MR S B2 5 A B Mg S8 55 FE o, SR B E)
81 AR5 Pl K  H2 A iy ) L G 28 RO 1 P =2 PR
B, V10 HIW A FLER T - ik R I, 48 FRFLER
AJ7E pH 4.0 [f] MRS ¥R AR = EE 4K, 10 FRALRR
B AEETE pH 3.0 2cF FAE K, H v SC16. DISA.
DJ9B F DJ10C B #k [ it B2 & 77 AH X #4058, 7E pH
3.0 Z A NI ET BT A BRI TGIALE pH 2.5 %
AR BRAh, X 10 BRATFE pH 3.0 I FAK
(1) LR T AT g AE #5025 RSk 1 B, BRI
Pk SC15 Afed 32 &R E N 1 g L' 4-H R4,

F 1 EAMEETE pH AR R RRE THE KR
Tab.1 The growth of Lactobacillus strains under
different pH and bile salt concentrations

pH pCEIHER)/ (g L)
40 30 25 0 1 2 3

ERG SRR

DJ3 BEM  +++ + 4 o+ -
DJSA RS +++ - - -
DJSB BYH A+ + -+ + - -
DI9A BRGMA  +++ + - o+ + - —
DJ9B RS +++ - - -
DIIOC  BREM  +++ - A+ - =
SC3A 3% +++ + - 4+ + - =
SCs8 BE3E e o+ - A+ - -
SC15 B3 - A - - -
SC16 BR3E 4 - A+ - -

D +H+ ARRIF +H A K—f + A KK, - R4AK
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HAR9OMARWIIERERE RN 1 gL' B4
AR, (HYRREE R BN 2 803 g L' 14
JHEE A K. Bl g REH, KRR | MRS
LI T T 12 i 3 3w 5 e, (ELXS 4 R 3R PR i 52 66 7
FHXT L2 o
2.2 TERFALERFEE

X B3R 10 #RAT7E pH 3.0 26440 A KA AL B
AT HE S R HREE NS .. SR EIR, Wk
DJ3 F1 SC3A MR & LA NETE, A A . A%,

Mk, A OERE REDEHEIRE. B 0.5~1.5 mm;
¥k DI9B. DJ10C. SC15 Fl SC16 [ N E I K
FIE E B, P JORE REDEERE, HAE 0.5~
1.5 mm; #Fk DISA. DISB. DI9A F1 SC8 [ H 7% N
BT FLE . ANE I T A 6EE R DGR
. B4R 2.0~3.0 mm. 2R1M, BARIX 10 tRAREH
3 ol B SR AN () 1) B R T AS REAE, (R 4 M T 25 33k
BHEZESR, FENEFR, BA SO B8 HE
H, ToZFEAE, 22 R, BAAESRHEWE 1 R,

al.a2 1 a3 43 9Tk DI3. DI9B H1 DISA [T VAT A, bl b2 1 b3 43 M T Bk DI3. DI9B #1 DISA (¥4 LI A& &
E1 BoIBRENEELSHEERSE
Fig. 1 The colony morphology and cell morphology of Lactobacillus strains

XX 10 #RFLER B 1 16S rRNA JE K 7 51 i 47
3R B, R JE I FR ) 16S rRNA JEK 5
5, K MEGAG6.0 %4 7#7, LA Kimura-2 #7411
SRR RE R, PLARHEVE (Neighbor-Joining, NJ) 4%
R 4K E M, Bootstrap H & 1 000 Uk 46k (A% ¥
IR BAS XA, 45 R 2 fios.

F & 2 W41, H Pk SC3A F1 DI3 5 Lactoba-
cillus pentosus JCM 1558" 1] 16S rRNA % [X 5 %11 #H
AVEIE 2] 100%, AT % e HoA s FLAT 3 L.
pentosus. T E Pk SC15. SC16. DJ9B. DJ10C. SC8.
DJSA.DJ8B [ DJ9A 5 L. fermentum CECT 562"
H L. fermentum NBRC3956 [#] 16S rRNA 3 [X [ 5]
FHALPE S8 IK 2 99.65% LA E, BRI g ixX 8 #k
AR N K EEFLANTH L. fermentum . LA, BBk

SC15.8C16.DI9B & DJ10C 2 [a] ] 16S rRNA
K 1 AL A 100%, 1T i #k SC8. DISA.
DJ8B f: DJ9A Z [A]ff] 16S rRNA F& [ > 41| A el itk
9 100%, 1% 5 FLER B I TR 25 ZE 4R AE 2 RARTE, U0
IR 8 MR R TEAANT B 4 A E T 2 DASFEE
2.3 MERFLERREM A~ ER e W RIEIERE &R

XF 10 BRATAE pH 3.0 25 FAEK M FLIR I, #t
TP IR R JIWE I, FEHI 0 H R R 3 75 1 LA K 42 v
7 2 BR B AR R, 25 R0k 2 Fow, B pH
55T W R P AR A DG (93 11 Pearson #H %
AN 0.929, P=0.000), RFEFALF H DI3 M
SC3A AHXT T H 4 8 MR A TEAN B, WK pH P B4R
i, BREERCE, Ut H =R AE 10, T H &R 8 kK
P AT 11 2 (8] (7= BR e ) Z2BE AN K. b4, 10 R AL
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DJ10C
DJ9B
——
0.01 SC15
63 SC16

- Lactobacillus fermentum NBRC 3956/AP008937
100- Lactobacillus fermentum CECT 5627/AJ575812
DISA
DI9A
63[SC8
DJ8B
Lactobacillus gorillae K Z017/AB904716
99 —?Lactobacillus alvi R54"/HQ718585
Lactobacillus ingluviei KR3"/AF333975
Lactobacillus equigenerosi NRIC 0697"/AB288050
Lactobacillus mucosae S32"/AF126738
Lactobacillus secaliphilus TMW 1.1309"/AM279150
Lactobacillus coleohominis DSM 14060"/AM 113776
Lactobacillus pontis LMG 14187"/AJ422032
Pediococcus lolii NGRI 0510Q"/BANK01000051
Lactobacillus mudanjiangensis 11050"/HF679037
Lactobacillus modestisalitolerans NB466"/AB907192
Lactobacillus fabifermentans DSM 211157/AYGX01000583
Lactobacillus xiangfangensis 3.1.1"/HM443954
Lactobacillus plantarum ATCC 14917"/ACGZ01000098
Lactobacillus paraplantarum DSM 106677/AJ306297
SC3A
DJ3
Lactobacillus pentosus JCM 15587/D79211
Enterococcus faecalis ATCC 19433T/KB944588

10!

SC3A.DJ3.DJ8A.SC16.SC15.SC8.DJ10C.DJIB.DJ9A Fl DISB iX 10 ¥k ALEL i #Y 16S rRNA K FF % GenBank &% 5 2 5 4
MF455206~MF455215

2 ETF 16S rRNA EEFFIM AT ARG LR

Fig.2 Phylogenetic tree of Lactobacillus strains based on 16S rRNA gene sequences

®2 RABRERERENRMEERD

Tab.2 Acid-producing ability and antibacterial activity of Lactobacillus strains

B g 0 p—— 0 Bl B 4% /mm
ERE RS H S/ P S T e
P KGBEREG) e mEMAREG)
DJ3 3.69+0.02a 179.1+0.1h 22.68+0.24d 21.33+£0.11d
SC3A 3.77£0.01b 164.0+0.0f 21.53+0.13d 20.28+0.35d
DJSA 430+0.01c 109.7+0.3de 17.78+0.48bc 17.32+0.53bc
DJSB 4.30+0.02¢ 110.6+0.4¢ 17.74+0.39bc¢ 16.43+0.76bc
DJ9A 4.3140.03¢ 108.2+0.9bed 16.86+0.47bc 16.53+0.83bc
DJ9B 4.32+0.00c 108.1+0.3bed 17.62+0.34bc 16.10+0.65bc
DJ10C 4.3440.02¢ 108.8+0.6cde 17.72+0.57bc 16.58+0.74bc
SC8 4.3420.04¢ 106.4+1.7b 16.96+1.22bc 15.94+1.08bc
SC15 4.34+0.00c 107.3+0.1bc 17.52+0.30bc 16.79+0.65bc
SC16 4.35+0.02¢ 108.0+0.5bcd 16.92+0.74bc 16.08+0.89bc
FLIR3.72' 3.72+0.00ab 174.420.0g 18.37+0.21¢ 17.9240.46¢
HAR4.32" 4.32+0.00c 109.1+0.2¢cde 16.4440.42b 15.69+0.60b
R =poNic 6.60£0.03d 15.4+0.6a 8.64+0.14a 8.64+0.14a

DEAFVTHEAIRET LG FHMALARER, RIKELSELREA AR INEFEE, ETE£FT2E(P>0.05,
Duncan’si%); 2) I: A $LERAMRS3E 5 & £pH 3.72, II: A SLEZAMRSE 5k & £pH 4.32, 1II: MRS 5 2 A & pHiE £6. 6049
LB R B LiF iR
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TR T 119 R 137 VR0 K M 2 A T A B 4 8 0 7 6
B 350 B A0 B AR, L b AT B D3 AN
SC3A MM 1E FHBE B AL T 42 8 MR R BEFLAT 14
(1 3). 714, AHFLER ST MRS & H 1725 2 pH
3.72 B 4.32, FXPOR 3 A B S < B €0 6 BR AT 1
BA RN, B3R AR A A R pH 1)
FLIR o R e FIE W, T AR FEM K MRS 559758 DL
pH 2 6.60 )% FLER B K % _H IGO0 KR A 1w
T 4 B CO R ) BR B BE AR OB AR A (1 3) . DR
W, — 75 T, LR X W i K B 3% A 1 DA B 4 v
075 %) BR A B B A ROR, 5—T T BRAL
R4, BB AR B B =4 T AR PN Y5, (H 1% 4
B Y FRAE pH B2 P YRR, PR I5 AR 59, AN 2 B
TV R A5 B S P 400 1

a Al ¢ W67~ B N KR4 1 ATCC 8739, b Al d (i i N & i
W FRE ATCC 6538; FESh 1.2.5 F1 6 4> % A B # DI3. SC3A.
DJSA Fl DISB [ & L&, #£ 5 3 9 MRS #5775, FEdh 4 71 7 451
MR FLEG pH & 3.72 A1 4.32 [¥) MRS K775

B3 MOABRENABAENKGRAERERGETIK
EHHIEBER
Fig. 3 Inhibitory effect of the fermentation broth of
Lactobacillus strains against Escherichia coli and
Staphylococcus aureus

2.4 THERZLERRAYE KA BT ERA R

MR4E R 1 AL 2 1o ik 45 2R, 1B B/ pH
3.0 M FAEKEI M K EEAATE SC16. DISA.
DJ9B. DJ10C J& /= [ Rt 715 5% 1) s FLAT B DJ3.
SC3A HHATA K M Ze A= B 2 A 7 . 4 4 P,
I FEFLAF B DI3 Ml SC3A A Kl e tlt, R EEFLAT
DJI9B k2, T K I#FLATH SC16.DJI10C K
DJSA f . [id 6 PRILER 1 I AE K A A= g

PAFAENT N5 222 0~2 h N FEHE ], T PRV T ¥ W
SN, pH 2846 A K 2 h JEEE AT B K, Hik
A K AR T HE %, PR REBOUR, AR R A LR,
pH HGH RN F%; 12 h A AR B AE KR I, ARk
BT RE, pH WiE DT iase, o Bop LA
W DJ3 M1 SC3A Wl pH N 3.7 K4, i K
AN FHE R pH N 43 Ef.

—a— DISA DJ9B —e— DJ10C
SC16 DI3 #-- SC3A

30 ¢
25 r
B} 20 r
s1s |
1.0
05

2 4 6 8 10 12 14 16 18 20 22 24
Lyy/h
7.0
6.5
6.0 f
55 b
E 50 f
45
40 |
35 ¢
3.0

8§ 10 12 14 16 18 20 22 24
typ/h
B4 FEREIEFIIZPER pH X Dgooum

Fig. 4 pH and Dy ,,, during the culture of Lactobacillus
strains

0 2 4 6

2.5 E#k DJ3. SC3A. DJSA X DJIB AYUHESF1

[EEEN- Ak

P “2.27 WHIA TS R AT AL w bk SCl6
DJ10C 5Btk DI9B FJEA& S FFAEAT 16S rRNA
R PP 51 3 A — 5, HH A KRR =R e 18 iH
AU DI9B. ghA3 1 A 4, EHUAE KM RER =R
PR BE B 1 2 RE FLAT 1 DI3. SC3A LA i FR E R
AH X 1 58 ) % B L AT B DISA. DIIB 1 32 i 1,
WP EHN 3 gL A HER R EIKRE. pH 2.5
J pH 2.0 Ffi 521, 45 R a05% 3 fios.

g RFW, BEFLIT B DI3 A1 SC3A X pH
2.5 PR MR85 B ORI 2 1%, 75 pH 2.5 5%
MEFE 6 h, 35 BB RKTF 10° cfu-mL ', (HTE pH
2.0 803 g L' A JH ERIRFE it S PR 22, Ih ok T
AFE 6 h, 35 H E /N T 100 cfu-mL ', 0] pH
2.0 807 3 g L A HE IR AT RE OB I T R bR
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MRIEAR, S 77 IR TR IRTL IR 181 1) 70 1 S5 B A R 1R

101

SC3A & DI3 HIAEAF 52 aH, AL T
i 52 AR 2 . 4R, 55 DI3 F1 SC3A #HEL, KEEAFT
DJSA A1 DIOB [t i Al i AH £k BE 77 BF S ¢ o,

HAE pH 2.0 807 3 g L' 4 H Sh UK BE AU PR N b 3
3 h, JEEEA AL 100 cfu-mL ™, &bFE 6 h, 3 B
KT 10° cfumL .

%3 HE#k DJ3. SC3A. DJSA F1 DJ9B AENEIEF &4 THIEEE N
Tab.3 The viabilities of DJ3, SC3A, DJSA and DJ9B strains under different culture conditions

Btk 0h. pH 6.6 (X&) 3h Oh
pH25 pH2.0  3gL'4JHE pH2.5 pH2.0  3gL'4fH#:
DI3 10.22+0.08b 9.65+0.13a <2.00a <2.00a 8.48+0.06a <2.00a <2.00a
SC3A 11.03+0.06¢ 9.49+0.11a <2.00a <2.00a 8.34+0.15a <2.00a <2.00a
DI9B 9.61+0.16a 9.39+0.23a  8.08+0.10b  6.54+0.15b 9.1140.33a  6.04+0.10b  5.46+0.18b
DISA 9.92+0.05b 9.37+0.06a  9.1840.10c  7.03+0.05¢ 8.9740.19a  7.81#0.07c  6.30+0.11c
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