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Isolation, identification and functional study of probiotics from odor
fermented food
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ABSTRACT: Objective To analyze the common probiotic species in stinky natural fermented foods.
Methods Naturally fermented foods had a large number of probiotics, 4 strains of bacteria were isolated from
naturally fermented foods for research. These strains were studied in acid ,bile salt to tolerant and drug resistance.
Results The 4 strains of bacteria were analyzed by PCR,16S rDNA sequence analysis showed that these probiotics
were Lactobacillus rhamnosus, Lactobacillus plantarum, Lactobacillus acidophilus and Enteroccus faecium. After
16 h cultured in the culture medium of pH 4, Lactobacillus acidophilus’s relative ODggg n Value was 51.13%, which
was strong acid resistance. Lactobacillus plantarum was cultured after 16 h at 0.3 g/L and 0.6 g/L bile salt mass
concentrations, it’s relative ODgo ,, values were 98.88% and 66.22%, which was strong salt tolerance. Results
showed that the drug resistance of Lactobacillus acidophilus and Lactobacillus plantarum was lower than that of
Lactobacillus ramnosus and Enteroccus faecium. Conclusion These results show that both Lactobacillus plantarum
and Lactobacillus acidophilus are that with the characteristics of low resistance to acid, bile salts and drugs.
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KBRS RGN R EAE SN TRk 1R
G T by AT A AR, st s dh KU | & R AT
B AR E PR LR A T B2 0 A, A R &
TR W R TR B R 2R A R T A TR
77, AR A A R E AT BT AR I e A2k
FEIRIO R BER AL, SFMEANGF I, AN WA ROk A B
A P RIR B A TE KRR I 2 UL, DLBESEREBON L,
ARG, REEVERN RGBS, TR =R, i
RAR | RIS (LA 8 DR | BLIESE) R0, R
TR R ERD . S Sk AR D, R
SLER RSO S T RR B . SR Rl
ORI LAE S B s BRIk, RIRK RS A A
B I IR, HAT R YRR, 55 521 2 T bR
T L BE £ oy v 2555 3 ) 4 A B DA

Gt e ik R U AE R R IR, TE 2 MR IR K
L2, WA R R 2% Bk e e xfE AP, BB AR
A R WA AR F ), ISR AT L R
FEI L BEER I S LA AN TR A, e A5 A TR A R
AR A AR TR DO A R B4 ek B 2
BIG R TRNE O SEE NTITIZ O, G R I 45
ARV Bk RE U W SO AR
VR 3 R R 2 RN

AR SCHRARGE , 18V g 2R B BoR e AR DR T
10° CFU/g A fig ks Y, B RRTERNE & A7
X T 5 T R RS RE AT 5%, DR IS R e IFL £ B 3 2 0
Bt A AT ARG AT RN 2 FH IR
SLWREL ity 5L L 1508 L7 A e e o T ™ A B i A T
FOEHEAT I3 HT, SR> T LE M~ 2 R R, G R TR XS
Hh A GE B R R R T LR L i 70 8 0 i AR R T 48,
oGt e I B2 b AT AE B E TR AN (AR A1 — %8 AR Al [ Aot e

il

3 18 0 i A TRV A T T PR TR BB B ) AT A R T 52 PP,

A Ay i e LA VR A A A 4 A TR SR AR, Dt
AR B PR AN 5 4 T L VR R S

2 MRERZE
21 St
SR L A T 5L TR PR RL

2.2 FREER

SR ERE ATCC25923 (1 Ho 1= A Wy B Fh -7k
HUb R

2.3 KM

MRS #5555 . MRS B9 . 2 R0 6. 3%
AR R EBOK R SR . BT, pHY.6 A bE
WAL RS AR A BR 2 H); SDS #2EUR[2.4 g/L SDS,
0.5 mol/L Nacl, 0.1 mol/L Tris-HCI, 0.05 mol/L
Na,EDTA(pHS.0)]. TE Z& ¥ [10 mmol/L Tris-HCI (pHS.0),

1 mmol/L EDTA (pH8.0)]. 10 mg/mL % FM#(10 mg/mL)(3E
€ Sigma AF); #FEFQ20 mgmL, fEE Merk 2\F]);
2xPCROE A il 20 S0 ) KR, G2 Wl . 0.5x HIL Tk % iRk
Taq DNA R4 .dNTP . DL2000marker( H 4% Takara 2\ #));
SNEE. JOKCEE. A e(orprat, [E 258 AR
Jb st B wD); Tris (AN ES (R EERT A WD), BIERE(1%,
R T AR, BAE 2B [FEBR /R BHE L 5D
) YU 22 AT (BN A B ian A PR A H)
24 UEFEHE

PRIMO-Starx2005 A4 B i58(100%, f&E ZEISS 2
Fl); UV-1800 28443 it it (H A 5 H A Fl); ABI
VERITI I8 EE#5E PCR (3 ABI VERITI 22 H]); SMI12
HIR RS FR4A (36 °C1 °C, [EH SHELLAB /A +]); Mark IT R
SR RG22 Anoxomat MARK 11 A Fl); DS-11 &R
14381 (3 [ Denovix /A F]); SUBCELL KA. Geldoc
XRAZEIMEEI MG 2 58 (36 [ Bio-Rad A +]).
25 LWHE
251 EHaB. sl

FREL 25 g kESh, 225 mL 0.85%4: B KR, AR5
10 5 R YR RE, BGE T 3 MRFRE, £MBREZE0.1 mL
ARG A T AR MRS 8595 3074 |, 37 °C RS
72 h, ARGEEFEPR LR S 45 S IR R VR, S ket
FEARAFLAETARE, AT R TE WA A A A5 %0
252 EhHmT SR

(1) WEEEME

MRS AR A B 2% [C e (i 21

(2) AtewL %

3% LA A . A RIS . LK A
AN oS N EY o (il
253 HTAEMFER

() BIMBET 5 &K
16S rDNA il FH 5[4

16SF: 5'-AGAGTTTGATCCTGGCTCAG-3;
1495R: 5'-CTACGGCTACCTTGTTACGA-3';

B4 S L (i) 5 5 A BR AN R A .
(2) 4 DNA [HE
BT B B R Al 5 AR PRI A B TR R T S,
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FEEC DNAPY, FAZ R 4 1 40 A B 5 A1 43 el BE T
DNAMREE, Y4 Asgo/Aogo HLIEAT T 1.6~2.0 Z[RIRF, 44 PCR
KR, $EURE DNA B T-20 °CK IR,

(3) PCR 4" 1%

25 uL IRV AR Z: 1E 0.2 mL ¥ PCR 245, 1E ]
SR 155 #9145 200 nmol/L, 2xPCR J i 2% Wi 12.5 pL,
2.0 uL DNA #H3 (2 50 ng).PCR JZJii 45412 98 °C7E 1 10 s,
55 °CIB K 5's, 72 °CHEf 90 s, 32 MEHF, 4 °CIRTE, {8 1
PCR 4T PCR #3454~ PCR W BI04 2 P17
IR0, [R5 R X BRI kB, B B S E
o o P R R X B R B S LR VR (9 DNA SRR, BT
X BECR A & HARIT A1) DNA AR .

(4) PCR 414 W Bk Jie i VK

PCR 347 Wy kA et 1% B IR MERE, A
TRALZAEW IR ELRE N 0.5 pg/mL, il o 18 H Ik
A 0.5xTBE B0, LA 5:1(V:V)I LA A PCR 7 A1
6xloading buffer, 9 V/em i KHL Ik, LIMNER IR RAE T
WM EE 5 4381 % PCR 7 9pa% 21007, 4% 07 45 SR &
GenBank Hi/l47 BLAST i, MERF LB .

254 S BRAMADRBEART

(1) MARSEYS

B ISR IF R TRRE, % 3%EF EEER T pH E
2.0, 4.0, 6.0, 6.5 F17.0 ity MRS N7, 37 °CIRE K537 16 h,
4% 20 B Y A9 ODgog nm 1B

(2) TitAEERS25

VIR AP IO TRAR, He 3% A i e Rh IR o o vk i 43
B0, 0.3, 0.6 g/L By MRS AR IR 5, 37 CIRE R
% 16 h, 4521 B 1Y ODigoo m (B o

(3) ML

SR FH 2 RCAT TR0 5 2 A TR A R A 2 L B
1.0 mL B H 108 CFU/ML B2 WMAF] 15 mL T
JERALE 1 MRS 353R2EH, IRA1E0FE 90 mm JoR -0
b, RRBEES R AZEYAC T, 37 CCIRE LS IE 48 h JEIE I
0 SR A B B AR, DL bR v RS T 4 B A R e
ATCC25923 g Ji 44 A AR A SO ANt 245 A s vl 2 1200

3 HREHR

31 HEESSENSLEE
311 FHREAEES

£ MRS #5573 I 37 °CIREMEF 72 h I, WIETESE
Mo, HRmGH, B%EST. /50l R SR E 2L+
KO 2 BRBARE, ST R AT .
312 ¥FZRFEUR

ML MRS AR B E R 7% 7E BT N SRS
O R BHPERIR, AR G )5 AR TE A 28 2 BREEAE,
4y5ilfn 4o CDF1, CDF2, WLE 1; MRJEZL MRS 4R I
POFRTEAD B | RS E . 1 PR 2R
PEBRE, 23344 CFR1, CFR2, WLE 2. MRS A
TR 22 [ B R I 1 26 1.

o A ;r Py L ot y ‘.
Lo\t V7o 1 \" e |'l ,{1' , \‘
Ny N 7 \ “h
i rYNe I ]
(2t} ‘

[E: A CDF1; 4712k CDF2,
BT S EVE S R G RARCREE)
Fig.1 Gram staining microscopic examination of each colony
(stinky tofu)

g v

IE: Z538°4 CFRI1; 4717 CFR2.
K2 & TP 2 IR B (R L)
Fig.2 Gram staining microscopic examination of each colony
(stinky bean curd)

&1 MRS PHREEHAREZRRERE

Table 1 Colony characteristics of MRS plate and Gram staining microscopy

L3R MRS V- & A= KA 2 Y G
CDF1 FIEET, RITDEH, D% BE AT
CDEF2 HERE, REDLH, B5H85F PR S AR
CFRI1 I, REDLH, H5E5T PR AT
CFR2 IO, FEDEH, hggsT BH PR
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3.13 AfEELER

DAL 4 BRI 44 3 8 5 A T A iR R L b
MR . RS R R AR BRI 88 A W0 e, SR IR
2. BUETEI 4 MR R A AL Sy i A AL S B,
OMRRAAINE . EOHE, RE KSR TE, AR E
Ee T, 775 FURRE AR LS A

3.2 16S rDNA EEFH9Hh

PCR #8472 1.5% W B EHIEE I LUK AN, 43 BS54k
1E 1500 bp Ab4H B SFMESHE, STIRY R/ h—8L, 35
B B Rh, DL 3R, & ERR 16S rDNA JE [

3.3 MERSCINLER

A K g A R PRI R, R AR I R 4% A2 T
YRRt AN E 1 — A EE AR bR . ABFRH Y CDFL .,
CDF2 7E35 575 pH {E K 7 B} ODgog o (K ; CFR1 7E8E 3R
3 pH {H°4 6.5 Bt ODgoo nm TELFH =5 T pH 6; CRF2 7EFFR 5L
pH {E5 6 I ODgoo n TH A HRA KA UEHIBEFRILTE pH
6.5+0.5 JE RIRE i 7y 8 4 Ak R e G IR 20 1, LI 4.
7E pH 2.0 ¥igf bk, & EMREARE K, % WIKRAE pH 4.0
i FREEH ODgog wn T WG EA L, AHXF ODgog o fEL23 511 A
CDF1 35.19% . CDF2 22.91% . CRF1 51.13%#l1 CRF2

FP45AE GenBank 1T BLAST 20#r, #5HHS5 2% Mtk
BRI 99% 0 |, WA 3. WiRitkz gy (SO0 PO IR BRI CREL WS 3T
XF R RS, MEGAS MEE RS B2 A, TLIE 4. (Lactobacillus acidophilus) H A % i it BR BE 17 o
F2 HUWPHEER
Table 2 Biochemical characteristic results
A AL R i A AL S AT R L K S i 2 BRK Ak ity AR YIE

CDF1 — + + + +

CDF2 — + + + +

CFR1 — + + + +

CFR2 — + + + +
T R B SN, <A A SO o

7E: 1~6: CDF1, CDF2. CFR1. CFR2. FHMGTER . BIYEGHE: M:
DL2000Marker(F 2 _FARYX A 100, 250, 500, 750, 1000, 2000 bp),
[# 3 ZrEStk 16S rDNA JE[H PCR 434 7=yl Tk 4%

Fig.3 Electrophoresis of PCR-amplified 16S rDNA gene fragments
from two isolates

34 THREFLIGLER

ik JE 6 8 ) 2 55 AR R B B —, fR A R
BHEETE, DBAXTIEEEE —E =z, mE 5wl
N, B AR VR A TR, A5 BRI A K 2 BN [ AR
BERMR . B ERRAE 0.3 g/L BIRHER VR 1SR 16 h
J5, AHXT ODgoo nm 1B 43324 CDF1 83.21% . CDF2 98.88% .
CRF1 73.76%. CRF2 67.79%; ¥ HRTE 0.6 g/L AYHHIL R
HHETRFE 16 h J5, X ODgoo om 120514 CDFI
25.77%. CDF2 66.22%. CRF121.33%. CRF2 48.09%; 7t
0.3 g/L A1 0.6 g/L MHELFRRIKE T, REE PRI
CDF2 Lactobacillus plantarum #8%} ODgog nm TELIR¢ 1, 2B
Hh A it AR A

3 16S rDNA F5I89 BLAST 45 R
Table 3 16S rDNA sequence analysis results of BLAST
LS 2% 75 [ P BLAST %5
CDFI MH3478190.1 99% Lactobacillus rhamnosus( flZE I FLIT #)
CDF2 MF405262.1 99% Lactobacillus plantarum(t# #) 2L &)
CFR1 MK 123485.1 99% Lactobacillus acidophilus(F& 2 FLITH)
CFR2 MH473327.1 99% Enterococcus faeci um(ZE iz BR 15
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ODI'IUU nm

Bl 4 7ER[E pH EEEFREEPH SR 16 h JF 1 ODgoo am TH
Fig.4 ODgoonm values of lactic acid bacteria cultivated in media at
different pH for 16 h

HYPSIWER

ABEFERI 5 K2 9 IR 20 IR A il b 7 Hh Y
4 P A2 T EA TGRSR o PP B A A BR TR R A
HbR, S5 A (UM 2925 Bty JIbbs e ) B, 28
AR RETE A TASREL Tt . SCIRAE R BN 4 MRIEHEATE
i 250k, H HA R —Mytd R A, R Ra 2 H
TR 21, o PUPR 3R AN R R IR, X ARRY 7 Rk

3.5

ZRIL AR T2 CRF2 GERE NS 4 Fipid: £ 5 A
fif 251k, & A 3 FFLFF . CDF1. CDF2. CFRI 438
P FLAF D S AL P T35 25 B T SkHMERS CDF1 (19 kvh
FERU®R, CRF1 MU, CDF1 1 CRF1 %} HA 8 Fhdiid: R iK
T 25 A 5 e B 9 — 3, T CDF2 (R R S 5| Bl SE PGk |
SAufthie . ZHEE . BRI EMHELSRS R 2 2
FRB R SE A R 255, 18 BH [ J& A [ R 2 1) LA BT T 25
PEZEIRK

“0g/LiBEE 203 g/LiEE = 0.6 gLIBE:

1.3836
1.4+ l;lin‘sl

1.2+
E 1.0k
0.81
0.6+
0.4+
0.2F

N

OD!:UU nar

K5  fEAFRRER & w5 FR I P iR 3R 16 h 5119 ODgoo wm fA(N=3)
Fig.5 ODggonm values of lactic acid bacteria cultivated in media
with different bile salt concentrations for 16 h (n=3)

R3O 14 FIEBYNARIRLER

Table 3 Drug sensitivity test results of lactic acid bacteria to 14 kinds of antimicrobial agents

‘ CDF1 CDF2 CFRI CFR2
BrAEZE M e —
MEE/mm 458 MEE/MmMm 458 WEE/mm 458 WEE/mm 458
N PRKR%EHR  10pg/r 1688 1.626 S 1.144 1156 R  1.688 169 S 0 0 R
R SRS »
] 5 P 20 pg/ A 126 1236 R 2446 2532 S 13656 1266 R 1406 1254 R
kAt iE 30 ug/ir 1398 1487 R 2446 2532 S 1.656 1266 R 1406 1254 R
Sk Sk 7R IBE N5 30pg/ic 1.852 1812 1 3.782 3258 S 3478 3302 S 1502 1578 1
KA T 30 ug/ A 0 0 R 0 0 R 1304 1342 R 2216 2148 S
Z K2 ZRHE  300pug/H 1.198 1.156 S 0 0 R 2392 2492 S 0 0 R
U2 [UIEZ -y 10pg/l 2578 2706 S 1706 1875 S 2536 2487 S 2522 2587 S
i WHNT R 5 g/ 201 2154 S 0 0 R 2182 2198 S 1.858 1992 S
X HEE 30 pg/ 2502 2548 S 2372 2247 S 3454 3547 S 2502 2518 S

TE: R FIRMIZY, 1 FR P, S SRR U, Wi 32 500 5 A ixd BT I T 18 92 18, S B WHO 2416 NCCLS fichihiiAs

4 weSiie

RARKESPEEEFEE W AERTR, WA
AR R AL ST, BT RLMCR RS R 275 v 5
68 FREFRDEY X [ 4R & B 0 B A I3 8 A A vk 2 2 T
TEWE P AT R S Yk 25 AR TR, R HAR R A LR
FRHERT S ARBIFSE R S AR L B ) 4 KA,
P2 Ryt AL % E B 16S tDNA K5E hy BUAERFLAT
rhamnosus(CDF1) ., #i # #. #F &

.

@  Lactobacillus

Lactobacillus plantarum(CDF2), FEBRFLAT# Lactobacillus
acidophilus(CRF1) , £ iR Enterococcus faecium(CRE2),

AT o3 8 AR A % B 22 A DIRE . BT
WA LUK A L-ZLRR, AR E, rTB ARy %
FRIETS | FetRoms B e At fMERE R S ML T2
SR R L, B ERKE RIA s, BARL
S (£ FAPEFITE AR T8 9 B0 25 2R R, mE R LT R R
FARZHAETER, RS0 ZUME A LRk, 3l
BEATE S, FemER R — RN R AR, B
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HHENX, 2 SRR A

b5 T B S R REE ST 797

WEMRFEN, v RAUEYA TR . &P
9 (A SR B BB T S T A

REEHEANRN RS AR, XBETHEGER
TR PR IS A7 8 IR ER PR A2 TG T ok . SEIRas R %R
W1, 1 pH(6.5+0.5)F, 4 PRIFEHRA IERS; & pH2.0 I, J&
AREAR; 78 pHA.0 I, A TR FRI LR R AR B BT B2
P; Fr CRF1 #HX%F ODego wm 1H R T HAMIE AR, 43851
Lactobacillus acidophilus F I H —& MITHERRE 71, TEHIE
FHREOREF R A 5 AR TR X R R A4 A 2 AL 2L [+
ERMEE R, WA NE 5T 25 AR5k pHAE
S, ANREAL AR Ik, B . DNA Hififs R 50,

NN IRER BT BEAE 0.3~3 g/L Z M5, fig
B AE AE R A PR R A R b 2R ORI R TR R A T B
Jo i A R R AR TE D LR R 43 Y 4 BRI RRAE
0.6 g/L [REL R EREE T, FHXT ODgoo o fE T BEIREE; T
TELE 0.3 o/L WIHER R IREE TR, 4 #RIE AT ODgo o TEFD
3 60%; Hr CDF2 Lactobacillus plantarum #H %} HiAlh
PRI B TR B AR BE 75 X T 4 A= B IH ER AL i) F
ROAEZIE, HMAE2EE, ATges A5 MIREK
filg . FHEREAARLD,

FLIR R IR KT i vh 43 28 1Y) 25 A T X DY BR 28 T
AERBUR, IRERE M T RAMRIEMRE S B DX 2 Fh
BUAERMISNG MPTSIPAk . Seffhng . LM T 7] REEK
AR TR R A TG T, AR B AR R — 2 1Y
Tif 2 o AR A I S T 8 ot o 2 2 AT TR 2 P A BIIR
St R BEGERE RN A E R . AR LA AN,
Pan ZE04%F 11 Ffrep [ R TE DAL R AT ES 19 17 BRES AR TR T
X7 AT AE R BTN o 256 AT ST Kk IR 24 65 AR TR
AT i EE G R B R b, ST 20 R A 3 Rk
BE AT XU VIAEDG, (A5 5 VA PR 24 1 SR I g
2B B A — S FAH DG, X — IR AR B S 4h g5 AR TR
P2 4 o P e ofe RS

A R R EE AR TIRE, BB BiE M
i 32 PR R LR R AR PRI BRI FEACHT IR . AR T 2N 4
PRk, HA BB FLFT# Lactobacillus acidophilus FlE
Y FTF# Lactobacillus plantarum 43512 31 H &858 i i R
FIi ARERRE ), HA NP ER T, 3 RALFF BB AE
F T 2R T2 %3k 5 Enterococcus faecium, 25 TR,
AR LR KRR LEEER N TN ERILITE
Lactobacillus acidophilus F1 48 47 FL #F & Lactobacillus
plantarum 7] L)y fij A A & Bl o, AT AR R 25
e DA A8 8 PR AR 10— 25 A 5K
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