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Isolation, identification and biological characteristics of lactic acid bacteria in
traditional pickles in Linxia region
CHEN Xiaolong', ZHANG Tingfeng'**, WU Fengfeng', YANG Lin', KANG Jia!, LI Caixia'
(1.College of Life Science and Engineering, Hexi University, Zhangye 734000, China; 2.Hexi Institute of Ecology, Zhangye 734000, China)

Abstract: Taking pickles from Linxia region, Gansu Province as the material, lactic acid bacteria were isolated by the calcium dissolution ring method.
Their species were identified by morphological observation, physiological and biochemical experiments, and molecular biology techniques, and their
biological characteristics such as tolerance, enzyme production capacity, hemolysis, drug sensitivity and antibacterial property were analyzed. The re-
sults showed that a total of 7 strains of lactic acid bacteria (numbered as B2-3-1 to B2-3-4, and B2-3-6 to B2-3-8) were isolated. After identification,
strain B2-3-1 was Weissella confusa, strains B2-3-2 and B2-3-3 were Leuconostoc lactis, strain B2-3-4 was Streptococcus thermophilus, strains B2-3-6
and B2-3-8 were Lactiplantibacillus plantarum, and strain B2-3-7 was Lactobacillus paracasei. Among them, strain B2-3-8 could grow at pH 2, strains
B2-3-6 and B2-3-8 could grow at bile salt mass concentration 0.7 g/L, strains B2-3-1, B2-3-6, and B2-3-8 could grow at NaCl 12%, strains B2-3-3
and B2-3-6 could grow at 80 °C treatment, strain B2-3-7 possessed protease production capability (D/d=2.18), and the intracellular (3-galactosidase
activity of strain B2-3-8 was 36.72 U/ml. All 7 strains exhibited low susceptibility to the antibiotics chloramphenicol, gentamicin, and levofloxacin.
Strains B2-3-3, B2-3-7 and B2-3-8 exhibited inhibitory activity against both Staphylococcus aureus and Escherichia coli. Strains B2-3-1, B2-3-4,
B2-3-7 and B2-3-8 showed no hemolysis. In conclusion, strain B2-3-8 demonstrated excellent biological characteristics.
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1.1 ## 5 3K A
111 o

A5 Al 2% (2B LA S5 BR (132 (Brassica rapa var. glabra
Regel) . L7 % | (Raphanus sativus L. var. longipinnatus Bai
ley) . 28 A (Capsicum annuum L. var. Longum Sendt) i2 &
AR AR ) < SRAE L H N I B2 M X ; 4 B (.55 45 2K 14 (Staphy-
lococcus aureus) . K % ¥ i ( Escherichia coli) : ¥ /1 1] 74 %
Bt A A B2 5 TR 2 B S 0 U A ) S g s R A
1.1.2 & A

AR R KA 2 ) e R R« N T AR
A TABRA ;TR OB i e ke TARA
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IR R 1) 24 JB 03 A B 2 ) 5 e bR 3R R 2 ey A R
w5 4% B A% R (deoxyribonucleic acid , DNA ) 2 Bt 7
G AETAY TRE(EE) R ARAR AR ER KB
(P EDA B A BRKEE FR < LG A A8 5 i 256 PR A A 5
LR il 5L K By B-D->F FL 1k 0 % 1 (o-nitrophenyl-B-D-galac-
topyranoside ,ONPG ) : B 5 AZ I AE W FBH B A RS A 5 4R A
FHIK W (o-nitrophenol ,ONP) . T B 8 B} 57 7=\ A BRA ]
5-VR-458-3-15| - B-D-2F FL B 1 (5-bromo-4-chloro-3-indolyl-
B-D-galactopyranoside, X-gal ) - 7 & i t Fe £ W B £ A (R
O] O JE R (N N-dimethylformamide ,DMF) ; [l 7=
PR BT T8 2 A B W) I KA 340 28 4 B i 55 4 Ak
7,

113 #EH4

MRS ARG FREE, 4 W10 g, K10 g, BEBERYS g,
20 g BREREE 0.1 g, BRLRER0.05 g, FriF iR — 442 g, W
iR & 412 g, 80 1 mL, 11 000 mLZE # 7K ¥ fi% (MRS
[ AR 855 R I I 2% B )

CaCOs-MRSE A F 5 . FIR10 g, 4 RNTT10 g, FERE
5 g, WEHE20 g, FIREE0.1 g, B IR4%0.05 g, Fris e — #%
2g, KK LTRENS g, R A —#2 g, 1tk 80 1 mL,CaCO;
10 g, JH11 000 mLZ 1 /K i it

PY A= AL % 5 55 5 2k - 191 000 mLVR NS g2k 1,
10 gz BRI, 5 ¢ R E 8 H R, 40 mLER W (BF1 LI
0.2 g L55,0.48 ghi FREE 1 ghifR — 280, 1 ghifR & 41,
10 gl 24,2 g ALin) .

7 O 32 T A s 5 3 R I WRS g, R BRS¢, I 4
P10 g, MR S 4 g, 320 g, RS k) ol /% 45 1120 g,
1 000 mLZE /K #fife , 15 pH M 7.0,

LB} F A BEFIR10 g BEBESE IS ¢ SAMLAN10 g
5 mol/L NaOH 0.2 mL  Bi{l520 g, 1 000 mL 7% 1% /K ¥ i .

B-21-FLWE 1T B 0 15 % 0 LB g, BE LA 0.5 g, B
W1 g,NaCl10.5 g, Bifif1.5 g, 717K 100 mL,pH 6.8, K& 7
R EIZ60 °C, I AX-gal (fff FHT HIDMF#: & %20 mg/mL) .

B-21-FLWE AT B 2 0 5 R LB g, BEREAR0.5 g, B
i1 g,NaCl 0.5 g, 781/ 7K 100 mLi# f# ,pH 6.8,

BHE W i B AE 15 95 5L S R I HR23.0 g ROKTE
¥31.0 g SAALENS.0 g BHE R 15.0 g BEREIZ K S5.0 g JBLLF
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DLl R 5121 °Cm 287K 20 min,
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13 %
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kit — B alife, of HEAT i Ak AU S5 K A Ak
SR B 1 DA R 25 A Sy FLIR TR
132 A BMEHEE

T2 2SS A LA I 1 B R 7E MRS [ 1A 45 77 3k |
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B WE A A A AL SR

Oy T AR S K A DAL T T i) g
17 EDNASR IS , LA P& 38 F 51 0% 2LER 5 17617 16S tDNA
ragea HOE 514 M27f(5'-AGAGTTTGATCCTGGCTC-
AG-3"); %17 5191 0 1492r (5'-AAGGAGGTGATCCAGCC-
3"), PCRY"##14 £ (50 wL) :2xEasyTaq PCR Super Mix 25 wL,
EFWEGI 41 pL, B DNA 2 uL, X% K (ddH,0) #h &
50 wL, PCRY 14 25 1F . 94 “CHilZE 45 min; 94 CAEPE30 5,54 °C
iR k305,72 CHEAH90 s, 1 F 309K ;72 C A bty LE 5 min,
4 CHRIE  PCRY 1 7= 4 28 1Yo Bnt N A EEE I L TR ARSI I, 0
TAEH IR ARG AR R A R S, WP 455 s =
2 [ EH Z A W18 ARAF B H 0 (national center for biotechnology
information, NCBI)GenBank# i JiE YEAT He A 5y 35 b X 8 2%
T H (basic local alignment search tool, BLAST) k. X} /3 #T ,
I FIMEGA 11.0% 14 1) 4 4% (neighbor-joining ,NJ) #:#4) 4t
REREW, B EL R AT,

1.3.3 FLER W 25 A 4 M AT

ol 1) 2 < K 3 4l A AT 380 1 L TR 1A 22 BIMRS
WA B2 5L 37 °C 160 r/mindf % 1% 3524 h, 15 3 FL R 14
P, M 252

by 2 SR Bk A T BR TR RE ER T SR R 0, R T Bk R F
WA 4% (V/V) A i 30 T A [FpH (2.0.3.0 .4.0,.5.0
6.0 .6.5) A[a) JIHER 57 & k) (0.0.1 g/L 0.3 g/L 0.5 g/L .
0.7 g/L)®4 A [r] £ £ ot i 53 %0 (0.2.0% .4.0% .6.0% .8.0% .
10.0% .12.0% . 14.0% )™ [ MRS 1A 85 55 3 | F37 °C .
160 r/mindi 3% 3% 7524 h, M 3 B 1 OD o mfEL , T 53 B AR
AR AR A AR T .

oy

oD

T A RE 7 AN A« o o~ Y 4 T et 4 B4 % (VI V) I 2
Pl A FMRSTR AR F2 56, 2051 737 °C .40 °C .50 °C .
60 °C .70 °C .80 C4 4 F AL FE20 min® | L37 °CIE % ks
FAERT IR F37 °C 160 r/mindfi 37 55 3724 hJ5 I E B
ODgomfH , THHHAFTE
1.3.4 SLER W 7= B b 4 A0

LR R = 2R T RE 1 0 E < S IR AR S
WA I8 4L L 10 WL -V 35 50 0 A B 7™ B 1 O % 44
BE IR I B ATARIC /N B Y (LA A 17 mm) 27l
Byoy oy A fe /N, BB L h, 8 BT 37 SCAH LR R A B R
24 Wi, s = RO 245 TR s LA ()RR V% O 1325 1) el
(D)W EAR , LLE B B AR 5 TV BRI Ll (DId) 1R R
5 TR RR P B RE 7 RS AR , DY i s Ul 7 e R

LR VA 7 B->F= FU W T Bl DA bk 0 12 29 B 36 A6 S 1 T Ak

x100%

3 3 VAR R 28 7 1 2 B2 FLWE A O B 3R % 1,37 °C
i E B 9224 WF LSS . BEICRT AE B-2F: FUWE T 1l ) 0 4% 7% ik
A R VR B TRAR BT B FUME Y I A T s R
37 °C 160 r/min & {4 F 55 5% 24 i B B2 500 72 3% T
ONPHE M 28 1) 22 12, LLONP T & 46 B (x) A A s, LA
W (1 (OD gl ) () S DA AR 225 Tl B o HHT 28, T A5 A
2 (51059 5 7 R y=0.674 4x+0.002 4, 1 ZECHR=0.999 7,
B-FUMEAT B N 855 CAA T 4 22 FHH I 4 43
AL K fRONPGZE i1 wmol ONPHT 5 1 Bt 7E X —A>
iff 1% 3 .47 (U/mL) .

B2 FUBE AT B & 7000 2 B 1 LA D ) AR (RD & B
WO M A E]T mLE 56 i #4 %55 CH2 mol/L ONPGIA i
1, BLONPG I H10.1 mol/L A ik 28 i e ol 1 %, , -1
FpHIH 76.5, BEJG B HAESS CHIZK I 44 R A3 10 min,
JIA3 mLAYT mol/L Na,COAZ 10, [ WA 2§ B S min,
FH0.1 mol/L .pH 6.5 1 B 1% £h 22 w0 85 4 il v A Sk % B
FE420 nm S E T I A2 45 417 WA OD jg L
1.3.5 LB H £ K R H4F Ar

FLIR B 1 5 1R T3 A - 2 2 R P AR RO O ik
T AR5 A T R A5 T RS B I BB B R LA 37 C
R57%24 h, LA 4 T 00 4 4 BREAVE Ry B X R OB 530 5 B
T JE Pl v ol B 1

FLIR P T A 28 ARG I 5 0 S 1) B R 1k A
FFMRSE: 725 b 20 B PR A DU IR 2R (50 wg/F)
FORVEARA0 pg/ i) EMEE R (20 pg/ i) HE R (30 pg/
F) JRRER (10 pg/ i) ZEF R B (5 wg/ i) I 25 54t
A (BE6 mm),37 CH; 3224 h, FIEbR R RO 2 R 95 4
s FLER I RN B 3 L 2 AR A R i FLIRR T,

LR AT 4 410 B BB 0 R - SR AR R 7 B0 DAl ZLIR 1A
X KA BT O BT 1 BTG AL ) K FF B A 200 WL,
VIS R AR T LBY: 37 FL 3R 10, F 58 4 FH LR 1A & eV 132 1
FOAR NG R B FLBE: 33 I Hop 40 HA% (d) 15 mm,
SR EMRAEST °CF 553524 h, I FH AR = R0 24 i 1]
B (D), UL D/aME AR f 1t BAR 30 76 g 00 i 48 bk, DIdIA
7% 1 U I 910 A R T A

LR TR T 4 % 00 B8 4 B T ) 0 TR T R S < SR B
LYY BTG Ak J5 1 4 9 60 4 7 Bk TR B 200 Ly )
Mo A FLBRE FR 34 b, FHO mmdTFL #8347 L, W HCFL R
GRS A7 70 WL /ML 4637 CHE 524 hm  H
TWekr A RO 0 54 B B.A% (D) , A D/ aE AR 1 T Rk A
A& 1 WA A, DY S v U BH 10 B8 A ) B
1.3.6 #AFELE 5 S it 47

iz FHISPSS 26.0%k F1£17 77 224341 (analysis of variance,
ANOVA),P<<0.05k 2= 5 1.3 , >R FH Origin2024 51 74 X} ¥4
PEAT AT AL A B
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2.1 SLER AW & Ih ik

MG 3245 55 0 50 1 e T 9 36 0 B A5 BT S R 1E R
I 14 BT AR 1O, T s 5 P L ok 4 1 S it 3 56 oA B 17 T
RTHR , 9120 0 i FLIR T | 430l 4 44 S B2-3-1~B2-3-4 7l
B2-3-6~B2-3-8,
22 RSB B LR

221 ABHENHAFENL

A A i 22 3 DX 9 5 v 8 Al Al AR A TRk T A B 25
SEUE SR T B AT BR R AR B2-3-3 B0 5 A TR B
AL A TR AR Y LA A B ARB2-3-1 B2-3-4 55 WK TE
BONERIR , AR B2-3-755 BARTE A IR L 7THK B AR B 7K 2=
G B N A RGBS R R
0 B A 22 [CPIYE TR 456 L B2 TR R AR A AE

E1 7HhIEEARNEERARES
Fig. 1 Colony and cell morphology of 7 screened strains

222 43 &AL LR

175 396 TR AR A9 A B AR Ak S0 30 0 45 2R L3R 2, Hh FR2 AT A
MR LR 20 TR 114 43 28 6 7 B 2 30 7 5 YPOVRIT A 708 400 T
FE YR G A 7R LR TR AR AR AL S0 25 R IR A
FLER T FRAE . 70K 7L 2 04 X2 Rl & e R FH RE M R 25 0%, oA
FIMEB2-3-1,B2-3-2 \B2-3-4RE % I T 1L AL, FLAh P AR 24 AR
eI, I #EkB2-3-1 B2-3-2 \B2-3-4 B2-3-7 B2-3-83 fit F
FHET 4 — W BH Ak B2-3-2 . B2-3-7 .B2-3-8 1] LA £ H-4F
HAR R A RER T s A R B2-3-8 7] LUF LIS, H4x
FARAS TR HL

F1 BREHRNEBEUIRER

Table 1 Physiological and biochemical experiments results of
screened strains

Wk S IIALEE PR TR Ll RLBE OB Aiuan
B2-3-1 + + - - + T
B2-3-2 + + + - n +
B2-3-3 - - - - + +
B2-3-4 + + - - + +
B2-3-6 - - - - + T
B2-3-7 - + + - + +
B2-3-8 - + + + + +

TR R B, - RR A R L B

223 AT EMFER
377168 rDNAZE [ F 51 by 2 s 1 1Ak (19 R 0 % T A4
GERILIE2

82 issella confusa strain 1305 (MT573734.1:13-1479)
2
A B3
25 | L lactis strain A4436 (MN441346.1:2-1450)

16 —|7 A B232
100 L

lactis strain A4247 (MN441157.1:5-1449)

L Iactis strain A4413 (MN441323.1:5-1449)

A B33
|— Lactiplantibacillus plantarum ~strain PMOOS (CP062059.1:487642-489077)
L

36 lactis strain A4351 (MN441261.1:2-1450)
100
L‘ Leuconostoc lactis strain A4152 (MN441062.1:2-1450)

100
A B33

68 Lactobacillus paracasei strain 6363 (MT463772.1:11-1470)
A 5237
s 100 ] A B234
Streptococcus thermophilus strain GZDY -5 (OR083533.1:2-1436)
100 Lactiplantibacillus plantarum strain HR-23 (Select seq PV295186.1)
100 - A B236

0.10

E2 HETF16S (DNAEREFIIMEEKNRERE M
Fig. 2 Phylogenetic tree of screened strains based on 16S rDNA
gene sequences

b 28], B Ak B2-3-15 Wessella confisa strain 1305
RE TRl 4332, RGO F dlt 4 H R G BT QTR (Weis-
sellaconfiisa) ; & #£B2-3-2 5 Leuconostoc lactis strain A4247
Rb TRl =43 32 RGO R Bl % o FLRR W R 2R T (Leu-
conostoc lactis) ; # #£B2-3-3 5 Leuconostoc lactis strain A4152
b TR 43 3, SRR FR IR, S8 HOFLIR W H 2R T (Leu
conostoc lactis) ; # #£B2-3-4-5 Streptococcus thermophilus strain
GZDY-5hbF IRl —43 32, FE 5 6 R it , % H o e B BRI
(Streptococcus thermophilus) ; # #£B2-3-65 Lactiplantibacillus
plantarum strain HR-234b F [7]— 4332, R4 0 R il %8



2025 17 5 44 % 512

s
W9 4 HOE R OB wiasm 113
HR W FUREAT T (Lactiplantibacillus plantarum) ; 7 £k B2-3-7 100 1 v
Y Lactobacillus paracasei strain 63634t T [7] — 433, 3£ 4% ¢ 80 - 5 2
A, % HOA R 8 FLFT B (Lactobacillus paracasei) 2 0 ] I =01 /L
B # B2-3-8 5 Lactiplantibacillus plantarum strain PMOO08 &b ﬁ . — gz g/l]:

S = o =—=3 y bt o (e 4 = 0.
T4 3 K IR, % HOh R TR HF B (Lac- € 40 . Rpebs
tiplantibacillus plantarum) 20 e . | [ b
2.3 JHLIUER TA 69 B A AF AT e [

0

23.1 TER A A

LR TR X TR A T 52 1 B DA 2 A TR AR ) — A T 24
PR T PR ZE AN Rl pHE 25 40 1 0 A7 16 32 DL K13, 513
A, T Bk B2-3-1~B2-3-4 1 i £ B2-3-6 £ pH 5 .pH 6%k
PF R A 8w, A I 53 [ 50.79% ~96.88% ; T4 1
B2-3-7 .B2-3-87£pH 4 .pH 5 .pH 6 551 F ££ 1% R 5 = , 1+
15 R >66.54% ; 75 HALpHAE 5 4, 4716 R 45 <20% , H
TR PR B2-3-87EpH 3 . pH 2 £ 8 i |, 43 51 24920.62% |
10.86% , T ILADTA A% ; HAU TR AEpH 3 \pH 24514 T £7115 %
BI<7%. W58 5 W] 8 SF RO TR 17 - v i 16 15 3] ) FLIR
PRI 1 P 45 SR AHGT 255 %58 TR /R B2-3-8R it 32 1 i 4

A} > | SHRAY )
> PN TN, B ) 1
Q,’\/ Q,% Q;» Q?’ Q;\; Q;\’ Q;q’
[l ke
B4 MREEKREAFDEREREREZGETHEEE
Fig. 4 Survival rates of screened strains under different bile salt
mass concentration conditions

233 Tith A

0 196 TR AR AEAS )k 7 B A R A7 TG R L RIS L e RS
ALH, T BRB2-3-8 78 £h & B N 2%~ 6% 5 M A7 T KA
HAE I R Bl N 66.2%~85.6% ; I bk B2-3-2 . B2-3-3 Fll
B2-3-6{07E R 5 1 R 2%t A7 1G R A5 R0 1 H50.9%
67.4%H178%; H#kB2-3-1 B2-3-4F1B2-3-7T1E3h & 52% 4%
ZAF T AEIE BRI AFIE R > 5% 16 Hofh2h &8 F A7 3%
RIPIAR A5 R <50% ; TEh & 5 M 12% 5% 1 T, T bk
B2-3-1,B2-3-6F1B2-3-817 1 AU X 1 , 4351 418.74% .8.06%
F111.66% , HoAx R HR A7 116 2634 <5%, i 2 B Ak 1 3k 66 7 £t
Tl L AP s SR P AR R A FLRR A L 25 B % 18 R B2-3-1
B2-3-6 .B2-3-8ifit $h M AEftE

100 7 a T
3 k
80 7 F ¢l
R 2o 4l f|| = pH2
;}r 60 - I o = pH3
"’E = pH4
W= 40 A 3 pHS
Jl| = pH6
20 A A |
0 ccgl < E &l || ccl d
A TR X 6 A%
25 o e G T & G
Q;\’ Q;\’ Q,"L ‘2;\’ Q;\’ Q;L Q;L
RG>
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Fig. 3 Survival rates of screened strains under different pH conditions
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Fig. 5 Survival rates of screened strains under different salt contents
conditions
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Fig. 6 Survival rates of screened strains under different temperature
conditions
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Table 2 Detection results of antibiotic sensitivity of lactic acid bacteria
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