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Abstract: Objective:

s3LER B 3 16S rDNA K9 5 A
This study focused on screening lactic acid
bacteria strains with potential probiotic properties. Methods: Five
strains of acid-tolerant lactic acid bacteria were screened from
twelve low-salt pickles with salt content < 6% , identified by 16S
rDNA, and their probiotic properties were studied. Results: The
Lactobacillus

Weissella

five strains were Leuconostoc mesenteroides ]2,

paracasei N6, Lactobacillu paraplantarum F8,
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cibaria M1 and Weissella cibaria M12. Among them, the relative
growth rates of L. paracasei N6, W. cibaria M1 and W. cibaria
M12 in pH 4.0 medium were 84.23% ., 78.32% and 76.29% ., re-
spectively, which had strong acid-tolerant capacity. After
digestion with gastric fluid at pH 3.0 and intestinal fluid at
pH 8.0. the survival rates were 79.26 %, 50.65% and 53.37%.
respectively, which had strong tolerance to both artificial gastric
fluid and intestinal fluid environments. After cultured in 0.3%
bile salt for 8 h, the survival rates were more than 30%, and
they had strong bile salt tolerance. The hydrophobic rates and
self-aggregation rates were both above 60% , and they had strong
hydrophobic and self-aggregating capacity. Conclusion: In this
study., three strains of acid-tolerant lactic acid bacteria L.

casei N6, W. cibaria M1 and W.

para-
cibaria M12 with probiotic
properties were screened, which could be used in the study of
compound probiotics.

low-salt pickles; acid tolerance; lactic acid bacteria;
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FAATIARAE . BRIDDS BF 5T R WYL 4 88 3 A TR R i 3
SANEKEEF(ELE<B KB ER(EHE<
YO MR (EHE<<I0%) ., FWitk.A.D &H i
36 B R AR E 1 3 Al 25 Sy AR R 0 3 L 2 I D A [ b IX
3 0 D A RN A O OR TR, SR pH Y 2.80~
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Table 1 Physical and chemical indexes of pickles

B o5 LB 7 Frih g/ % pH
A BhEsE Wi 9.48+0.04 3.46
B LW WA 5.2040.05 3.97
C H3EE WA 1.52-+0.05 3.63
D LGS A 6.4240.09 2.80
E H3Rs WA 1.9740.02 4.35
F KALEmE  HME 2.4840.05 3.34
G AAemsk  BIEILA 1.55240.05 3.51
H RAemx  EHHE 0.87-+0.03 3.47
I SR F0E ST By 2.9340.05 5.26
J H3ME  wdbs 2.1440.08 4,52
K H s Wby 1.11+0.07 5.31
L EEICE I T 2.0340.07 4.77
M HWE HHhAE 2.344+0.08 4,67
N H3RR A 1.780.06 4.34
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F8 Jg S AP 1 - S A B A T8 28 9877 A= 5 Wbk ML
SRR L B SR B RS 5 R AR MIL2 Ay A O T 6 A R
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Table 2 Separation results of strains in samples
FE it 4 5 GBS 5315 T B fir 44 GETE R LS 53 B TR i
B VEFE WK 1 Bl 1 [EESE 13 11~113
C 33 25 C1~C25 J EES(Ed 3 J1~]J3
E EES(E3 9 E1~E9 K LN 0 -
F Kbz 20 F1~F20 L EEINES 7 L1~L7
G R 12 G1~GI12 M e e 12 M1~ M12
H RACER K 16 H1~H16 N [EESTIF 8 N1~N8
®3 WERMEEKRNIFE
Table 3 Screening of acid-tolerant strains

LR/ R pH 4 pH 3 pH 2 [k R pH 4 pH 3 pH 2

C2 + + - 16 +++ +++ ++

7 +++ ++ - 11 ++ + —

cil b + 12 S = = S S

Cl13 ++ + - L1 +++ + —

E3 . - - L6 + — —

Es e+ + M1 R O

Fl1 FH+ + v + - -

F4 + + M5 Tt ++ +

F§ R = I M6 N +

F10 ++ - - M9 o+ ++ —

F15 + - -~ M11 ++ + —~

67 o+ ++ + M1z B

G8 b + N1 + — -

Go + - -~ N3 ++ + +

H3 ++ + — N4 + —~ —

H14 +++ +++ ++ N6 +++ +++ +++

H16 + - — N7 ++ + -

15 + + —~

T TRIREMRA R A RN R BE A T R T AR A KB

B 1

M1

M12

HWEHETILA

Figure 1 Comparison of colony morphology

B2 EMETH@mETESTIE

Figure 2 Comparison of cell morphology under

microscope (10X100)
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W4 RS KNl 1 483 ~1 507 bp, 45715 3 W Al W B G
Zeny . HI IR 4 BT, AR T2 A B HR 2R (Leuconostoc
mesenteroides) I A PR 4 100 % . B bk N6 F1 & T 8§ FLAF
Wi (Lactobacillus paracasei) )R TR 100 % , FH Ak M1,
M12 il £ 55 80 07 [K B (Weissella cibaria) 1) 7] J5 2
100% . itk F8 FIZRAH M FLAT B (Lactobacillus paraplan-
tarum) W R PE M R 100 %

TGRS R K WEAR b A 2 e R LR
A1 5 R A W) FLFF B (Lactobacillus plantarum ) S3-10
1T W& 3L 4T 18 (Lactobacillus casei) R10; 25 ik 2000 )\ 2
T LR PR M DX B0 1 9K & T IR 35 i A 22 1 6 bk Y IR 14 7L 1R
L 3 MR LA B (Lactobacillus curvatus) »2 #E7E
LR (Lactobacillus sake) 1 B TURF . 3% 5k
B 25 RAFAE 22 57 TR 1l T AS [ s DX A9 9 3 A A [m) B9 Bk
Az 0y T TR R A A R Y 3 I N I T B T g B 5 A
S FEFL R RN AR HIK I Bl TS
R W) W, cibaria ,

84rLeuonostoc gelidum subsp. aenigmaticum NR_133769.1
Leuonostoc gelidum subsp. gelidum NR_025035.1

89 Leuonostoc inhae NR 025204.1
Leuonostoc kimchit NR 075014.2

86 Leuonostoc rapi NR 136799.1

Leuonostoc holzapfeliit NR 042620.1
Leuonostoc lactis NR 040823.1

(a) Htklsolate-J2

70

Weissella thailandensis NR 040822.1
Weissella paramesenteroides NR 104568.1
Weissella bombt NR 136437.1
96—Weissella hellenica NR 119224.1

Weissella confusa NR 113258.1
99 Isolate—-M 1

100 Weissella cibaria NR 036924.1
82 Weissella kandleri NR 112087.1

29 Weissella koreensis NR 029041.1
Weissella diestrammenae NR 118386.1
100 | Weissella ceti NR 117039.1
Weissella ceti NR 117039.1
Weissella viridescens NR 040813.1
100 Weissella minor NR 040809.1

Weissella uvarum NR 134229.1

(¢) HFkIsolate-M1

100

0.005
—

99 Isolate-M12

100

0005 g

Leuonostoc gelidum subsp. gasicomitatum NR_074997.2

Leuonostoc pseudomesentercides NR 04081
Leuonostoc suionicum NR 109003.1
100
87 Isclate—J2
87'Leuonostoc mesenteroides subsp. jonggajibkimehii NR_157602.1

99Weissella jogaejeotgaejeotgali NR 145896.1

BE 2438 [ 2022 F 1 B | RS

Mark J2 N6 Ml F8 MI2

3000 bp
2 000 bp
1500 bp

1,000 bp

500 bp

100 bp
B 3 A5 HEE AL & kA PCR =4
Figure 3 Detection of PCR product by agarose gel

electrophoresis

2.4 THEUIBENEYEER
2.4.1 HERKWZg &S EALL.
paracasei N6, L. paraplantarum F8 W. cibaria M1 Fl
W. cibaria M12 #3315 6 h J5 BEAXS K. 16 h 5 i AFaE
M. IR E R MILBRE 4 h EIE A EIN 14 h
PEAFEW M AR - B RFESEY B i

100r— Lactobacillus manihotivorans NR 024835.1
Lactobacillus porcinae NR 108876.1
Lactobacillus camelliae NR 041457.1
Lactobacillus pantheris NR 025189.1
Lactobacillus songhuajiangensis NR 12556
Lactobacillus rhamnosus NR 113332.1
1001 |Lactobacillus zeae NR 037122.1
93]|Isolate—-N6
90 Lactobacillus paracasei NR 025880.1
Lactobacillus graminis NR 114916.1
81 Lactobacillus iwatensis NR 114365.1
Lactobacillus suebicus NR 114790.2
Lactobacillus hordei NR 044394.1
Lactobacillus sucicoia NR 112785.1

(b) THtkIsolate-N6

mesenteroides J2.L.

0.005 100
—

04 Isolate—F8
97 |'Lactobacillus paraplantarum NR 025447.1
92| | Lactobacillus pentosus NR 029133.1
95 Lactobacillus plantarum NR 113338.1
Lactobacillus fabifermentans NR 042676.1
Lactobacillus mudanjiangensis NR 12556.1
Lactobacillus koreensis NR 116854.1
Lactobacillus parabrevis NR 042456.1
Lactobacillus oryzae NR 114339.1
Lactobacillus silagei NR 114388.1
10011 Lactobacillus mixtipabuli NR 135897.1
93-Lactobacillus silagincola NR 158059.1

(d) HtkIsolate-F8

100

98
0.005
—

100 Weissella jogaejeotgali NR 145896.1
Weissella thailandensis NR 040822.1
Weissella paramesenteroides NR 104568.1
Weissella bombi NR 136437.1
96— Weissella hellenica NR 119224.1
Weissella confusa NR 113258.1

0 Wemella cibaria NR 036924.1

Weissella kandleri NR 112087.1
Weissella koreensis NR 029041.1
Weissella diestrammenae NR 118386.1
Weissella ceti NR 117039.1

Weissella viridescens NR 040813.1
Weissella minor NR 040809.1

Weissella wvarum NR 134229.1

(e) Hitklsolate—M12

B4 5#E e 16S rDNA 53] £ 4i

AT

Figure 4 Phylogenetic tree of 16S rDNA sequences of {ive strains
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FLATF T HE A B F e B G B ] 4351 K 2,18 he $LH]
N[5 Rl 28 1) L IR T 0 A 8 5 AR E I B i TS ). 6 b
Bt L. paracasei N6 Az 4 3 B Fe B ODsoo o fH N 0.815
16 h i ,W. cibaria M12 B G RE e N 2.41524 h B},
W. cibaria M12 W)W JGRE B 5 R 2,42, 5 BRI B AR Kl
LHE Y N W. cibaria M12 > W. cibaria M1 > L.
N6 > L. F§ > L.
mesenteroides ]2,
24.2 MW ZBEHMTREES BB 6 WA, L.
paracasei N6 £ pH 5 4.0,3.0,2.0 i 1Y A1 % 4= K 255 5l
Sk 84.23%,58.95%,20.72% , ¥ i 2w T H A B bk (P <
0.05),W. cibaria M1 Fl W. cibaria M12 [JIRZ . 5 B
BRITAR XS AL KA HE)F o L.
M1>W. cibaria M12>L. paraplantarum F8>1L.
enteroides J2., B Z A YR M 52 P 2 5 B W, HL 1) —
Tl 00 AS ) T Aok 22 [ ) PR T A2 M A T 22 55

HE 6 AT %, L. paracasei N6 {7212 1% 14 (5.05+
0.09) U, & FH AL B #E; W. cibaria M12 /7= TG 118
(5.03£0.01) U, B F & T W. cibaria M1.L. paraplan-
tarum F8 Fl L. mesenteroides J2 ) (P <0.05), % &
SELV OV B o S B L TR B T R 7 R RE 7 AR SC M A Rr alE—

paracasei paraplantarum

paracasei N6 >W. cibaria

mes-

3.07
2.57 ——+—1
—3 o —o—
g e S
2.0 g
£
L1
o
1.0- —s—L. mesenteroides J2
: ——L. paracasei N6
—a—L. paraplantarum F8
0.5 —vW. cibaria M1
——W. cibaria M12
00 34 6 § 10121416 1820 22 24
i A]
Time/h
S5 Atk AR
Figure 5 Growth curves of the strains

1001
a Bl L. mesenteroides J2
Wl L. paracaset N6
N 80 b}, B L. paraplantarum F8
i & = W. cibaria M1
?ég E 60 . CIW. cibaria M12
B ' )
& i .
& 40+
20t
b c
0 ,
3.0 2.0
pH

(a) NLH®

MRS RAORPHBREARENFTE LEERFEFR

BWEIE . B Ah A R R Th P R A S FL IR B I R b
FLIR 10 = 52 1E AR OC L 0 2% TR LA A B R4

2.5 T EE M SLER B RO M 0 B A R

2.5.1  RSMERLE W R Z 68 ) I TCO AL Y
pH 2 4.0 I, 5 PRI TG R 812 LA k524 pH Jy 3.0
W, L. paracasei N6 WIFETE 2N 90.49% , i 3 & T HAth
Hikk (P<<0.05),W. cibaria M1 1 W. cibaria M12 [{7F
ERN 72.80%,70.25% B EEH T L. paraplan-
tarum F8 Fl L. mesenteroides J2(P<C0.05);4 pH & 2.0
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Figure 6 The relative growth rate of the strains in the
medium with different pH values and acid-pro-

ducing activity of the strains
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