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5 E: [8 8] 3o E&mE £ X B354 B (Ligilactobacillus salivarius) i 4k B & 15 B 9 % 4 4%
MR G R A ). ARG £ RBEILAFE ATCC 11741 B AT &, W E 4 k4%
ML R MARHEE S, A AEREIRFEITEOE KA RREE LS, [FiE] A
A EME A 16S tRNA KB N A #hiAvE R £ A FEILATE ATCC 11741 ¢y A be; @it i
MAE KA TR A RIER LA RSN, Wb, LHATT A7) HRE, Qi
WAk AR R WSS Ae A RN GK, ARG R R RE, BB AREFFE KR K
B AR A, [ R]) ik £ AKIAFHE ATCC 11741 2 <S"A A K; FRSF A
2-7h, 14h E#TFARE, RL pHMAMBEE 43 k4, ZHAMHE pHA0-11.0EE N A KRE, £
pH 2.0 #) MRS 32 /- A P32/ 4 h 7 R 4 50.48%; £ F2 2 R 4 0.10%49 MRS 32 # 3k F35 54 2 h
Z_JG W 4576 T A B 94.440 0%; £ NaCliRE A 6% MRS 3R A Fnae A Kk, BEsT LA K
2, 30-42 °CAR#A K, 20 °CA= 50 °CR#p#4) LA K; 4£i& ) 120 r/min #= 180 r/min %f 3
ARRDEHE; ZEHARES hit ARER D 41.4%, FAREEBESME L E)H 44.5%. [4
#1 L. salivarius ATCC 11741 2 —#c A Kbk, B, @k, wHhae ik, LA — e a2k,
BEE R, BEAEGRAM A N IR .
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Probiotic characteristics of Ligilactobacillus salivarius
ATCC 11741

MEI Xuefeng®, HUA Deping”, TIAN Yujing, HUANG Jinhai, ZHANG Lei’

School of Life Sciences, Faculty of Medicine, Tianjin University, Tianjin 300072, China

Abstract:
probiotic properties and strong potential for application. This study characterized strain ATCC

[Objective] Certain strains of Ligilactobacillus salivarius possess excellent

11741 in terms of the growth characteristics, stress tolerance, and adhesion capacity, aiming to
provide a theoretical basis for the utilization of L. salivarius. [Methods] L. salivarius ATCC
11741’s accuracy was verified through morphological observations and 16S rRNA gene
sequencing; its growth characteristics were investigated by tracking growth and acid production
curves; additionally, a range of tolerance tests, including those with acid, alkali, bile salts,
hyperosmolarity and temperature, were conducted to evaluate its tolerance; lastly,
self-aggregation and hydrophobicity experiments were used to indirectly determine its
adhesion. [Results] The growth curve of L. salivarius ATCC 11741 was formed like a “S”. The
strain reached its highest acid production between 2—7 h, stabilizing at pH 4.3 after 14 h. After
being cultured in the MRS medium at pH 2.0 for 4 h, the strain had a survival rate of 50.48%
and grew well in the pH 4.0—11.0 range. Following 2 h of incubation in the MRS medium with
0.10% bile salt, the strain’s survival rate was 94.440 0%. In the MRS medium with 6% NaCl,
the strain continued to proliferate. The growth of strain ATCC 11741 was significantly affected
by temperature, being promoted at 30—42 °C and inhibited at 20 °C and 50 °C. At the 5 h mark,
the strain’s hydrophobicity (measured by the hydrocarbon compound adhesion method) was
44.5% and its self-aggregation rate was 41.4%. [Conclusion] L. salivarius ATCC 11741 is a
strain with fast growth, strong tolerance to acids, alkali, and salts, moderate tolerance to bile
salt, a wide range of suitable temperatures, and strong adhesion capacity.

Keywords: Ligilactobacillus salivarius; growth characteristics; tolerance; adhesion capacity
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AL R

AR 1V Z R R M s 3 G FLAT
AT TR IS SRR . 7€ Mayanagi %'
PIAFFE R R, RS A M T ORI IR
WB21 (6 7 1), REAA RUREAR A JR s Dt 7 1) 5
i, (AR B T AR s T S P MV T
FORHEFLFF A REN REA RO BURY) BT 4-fif
s Bk -1- 42, 1L W (4-nitroquinoline-1-oxide, 4NQO)
g1 R0 1 g , FCHL AT AR 5% i Re g kA Ak
Pt 1 LA B B AR 38 S AL -2 (cyclooxygenase-2,
COX-2)7 kA K, MR ECH s PR, 1R
W TE TR BRFLAT B MTC1026 HA5 B g 40 il
Caco-2 il fifd I B 155 & ¥> 1] X 7 (Salmonella
typhimurium) ATCC 13311 5 KT (Escherichia
coli) ATCC 25922 it 4 ge )y, XKW1 HEE
A 55 BELAS R X A B S AR Y A,
i & T 32 IR LT BT 34 W LA 38 ok 8 R 4 928 I
A5 AE AR, BT AT 1 IR MR A 32 O LA
Bl — B Ta]fe, R H 0 b B AS A7 4G
B, MEWE FORIKRFLA I Bl {2 miE N N
Kk B 41 Y (intraepithelial lymphocyte, IELs)F14
JEEREE 1 A (immunoglobulin A, IgA)JAE R, [H]
i, TEREEMEAAKE EFGIE Toll #3214k 2
(Toll like receptor 2, TLR2)fJ 3k, Zhang 2!
IS T B0 TR X i 18 TR AR s e, JF R T
Y T OB FLAT I REN ZEHTHy X £ 5200 7 T
HITIRL, T2 B REN BEA RN 20 b A ]
24T I (Helicobacter pylori, Hp)Fi135% i Iy a7 I
(Desulfovibrio vulgaris) i #J ¥ & 4 F1 4= K .
Sornplang S5V PR B w1 A foff R el 4% i G
HRFLFFIA Lol Al LS5 vl 4Eng B i R 1D 1]
FC i (Salmonella enteritidis, SE)Ji IAEIG %, I
$42 755 6 IR K7 20 Y (eosinophil, EOS) () 45 I T
RE o TE M IA—A A AR FR S g b, F9E N B
MR BRI IE N 2R T 128 B

MV 18 FOCHRFLAT I, Horh i fE £ OCHRFLAT A
FFIG71 £ F1 4 ig /£ -6 (interleukin-6, 1L-6)3 ik
Ry RS, I ME VR TE 3 oS BR FLAT A
FFIG131 N7 T4 % B (interferon-B, IFN-B)EIA
VR LR B SO BT TR SR i ik
R T RARAE T s, tesh, —XtEk7
S8 LS R AL 2L e o R Y T T G ER FL AT
W CECT5713, #ik W HAE B B 514 A,
AR AE R AR, AR MBI TS /N R
PRI BAT PO TR, B A D-#LERY, %08
RAFA 25 L R 40 2FRiE. Lara-Villoslada 252"
XS /N T Rl CECTS713 [ RS 24
J& , ARMER BN/ BRUARER S B & 17 R A AR 1
THSZIR, [, NRAEEEZ IR R IR R B
PR MLAESE IR, AN AT , A A A /N R
gy 1 [vi) JHF AR BRI B 55 R , DRt A S8 mT DAl
Mzwbk. WG, A ESILS gk,
MRAT 6 AT B I i fis 32 SR ZLAT iR 0 8 11
JLEZH R LR B A 3o, I R AT
AN BRI H T I i R DG IR LA TR R [ 4
) AR, X TR BRRR ) e S HEPEAG 2 LU TR
MERG, SR, LI AP PP 25 SRATIE R 1 R
5 FORBFLFF R R e 40, B H T adh ek
Zyih A SE FTIR, MRS B ORI AR
h—FhzE R T, TE4ED O R . PUERkAE .
PE VR T WL DL BB 5 2 A G R B 2
AR A, Hde e g2 T2 knT, Wi
PR T AR 5 27 S U L bR R T A T

AfFSR B @S 5T L salivarius ATCC
11741 WHRTESFE S ARl IRt
ARRHE, PHSIZRERTEARRNRE . pH. Bi&
JE  JIFER U B R 8 PR S k244 T T A7 B
77, FEIAMET LGB A TS, B R AR ) 4
P, NI M L. salivarius ATCC 11741 B 525580 F
PEUEA J7 0 S P
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1 S

1.1

L. salivarius ATCC 11741 43 B NZEMER, AT
F1#[E Deutsche Sammlungvon Mikroorganismenund
Zellkulturen (DSMZ) B Fl R A Ly, FH NS A
W R2EFUS A AR S T AR S o S 2
HIEHZHF41H NCBLID: GCA_000159395.10%,
1.2 {5

MRS 5575, ACREE SRR A FRA A
gt RPN &, AR RE A RA
] ; 2xHieff® PCR Master Mix, W54 FHE(F
IR A RA R R . S5 fban . EAan
MR . RV . BER A . oK,
KA VLRI THARBA A B A5 3505 . Bl
Wi, EEOM. SRR BERRE. 10%-1 k¢
FH7i 2 M (sodium dodecyl sulfate, SDS)&W , dt
R FEPHCABR A
1.3 EHRREL

rElBETEARY, B RERES L
salivarius ATCC 11741 YrT-#5 A ZE 5 R #1172
ARIPIRE , SR TERTRE T Ab Kb — T, AR i
Wre U O . H A Z U/ D& L salivarius
ATCC 11741 VR TR T2%H 1 mL ddH,0 1Y
1.5 mL JGR EP & o, #HE 107, 107°, 1071
B BERRBARE S, 20 9B 100 uL %445 T MRS FATE
SEAR E, 37 °CfE B EE R 24 h R HIEA, Bk
BB V8 AT I BR B A . 2% R Ut 4 (Cram
stain), [X 43 H 22 BHAE (G B AT 45 22 B (G)
W ATES B, BRibZ b, 55 BUR T % 2 kK
LAifb 5 R T MRS AP IR 58, 420
H R R =11 19 EL B R A T80 °C,
1.4 T[HEFk 16S rRNA EE PCR £ E
1.4.1 ZEREE[EZH DNA $2EL

HUE MRS W AR SR B B R i 1 FLIRR 1T
PR 200 pL, A 200 uL 1 mol/L B&MR

<l actamicro@im.ac.cn, & 010-64807516

#f . 100 uL 10%-SDS #il 700 uL ddH,0, K%
10 min 5, 12 000 r/min #.0> 2 min, 2 F3; [
DLREH A 200 puL oK LB, FHE S min 5,
12 000 r/min #.L» 2 min, 2= F35; MUIEFIMA
200 pL 75%Z. M5, 12 000 r/min #.0> 2 min, 2
W VOVEZIRECT, M 100 pL ddH,0 &, PCR
BFE 1 pL A AR
1.42 PCR B ERE%ER 16S rRNA E[E 55

SN 16S RNA JEREFHS14 27F
(5'-AGAGTTTGATCCTGGCTCAG-3") Fll 1492R
(5-GGTTACCTTGTTACGACTT-3"), PCR ¥
A& Z (20 pL): 2xHieff® PCR Master Mix 10 uL,
B RS IPI(10 pmol/L)#% 0.2 uL, DNA AR
1 uL, ddH,O 8.6 pL., PCR i &5f4: 95 °C i
AP 3 ming 95 °C 48 20's, 55°CiRk 20 s,
72 °C #Eff 1 min 30 s, 35 PMEFR; 72 °C L& AEAfd
5 min. BEASHEEERS B IK AT B 19 H AR DNA f
B, IRz BaR S 20N S MER A iR A TR
ONEIEAT IR ANINE o BT ARAR I 7 50 i — 2D A
NCBI A= #1145 S8 5040 J# (https://blast.ncbi.nlm.nih.
gov/Blast.cgi) B iE1 7[Rl L X 237 o
143 RHLZEWAE

¥ NCBI i i 8 1 41045 B S A A
MEGA 11, #%#% Phylogenetic Analysis #£17 &4t
KRB Hr. RIBIEGA, sidi PHYLOGENY,
EPEAR 7, (neighbor-joining method) & 2%
VEFE E JRAE 1 000 fiy i &5
1.5 HEKFEMNE

B H AR 8 #5 FH B) L. salivarius ATCC
11741 76 MRS ARSI B TRIZ, HETE
TERUG, MIXSEFRTAVE Rkt 1 BRIFA TSR
F%, HZEHIGHE(ODeo)is® 1.0, 2, &M
1%M RN, B HE B 2 MRS AR TR 3,
IFAE 37 °CHRMF T E ISR . FERGFRIVHT 2 h,
B 1 h5E 1 K ODgoo fH, TAE 2—7 h KRGS
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6], 43k 0.5 h U5%E 1 K ODgoo {H, 7-24 h HkE
1 h MXE ODgoo fH, XKML T I
]Sy, A0 200 TR 55 SRR 0 pH (B, LASRAS =R h
Ak
1.6 BEHREFENE
1.6.1 A[E] pH BIM 5 8 S E

Bl pH %10 2.0, 4.0, 5.7, 9.0, 11.0
() MRS WAAREFRIE, 115 °CKHH 20 min, iR
TA7 . BELER DL 1% MR B 2 A A
] pH {H ) MRS ARG IR, IFAE 37 °C4& M
T ERSE 24 h, ZJa, MEH ODg{H. pH
h 5.7 BIIREE N IE F SR pH, 1R XTI

[ B, 000 0 PR AR i 2 DB L AT TR A 5 PR 21
T, B5FREE pH o 2.0 B ERERIAATE R, IRHGE
AL # W 1 mL, 6000 r/min &5.0> 5 min, 3% FiF,
FIA 1 mL pH & 2.0 i MRS AR 5L, 78
37 CCEAF PR E RS, 43 I4E 0 min A1 240 min
I —SE ARG 2 107°, FfiJSEX 100 pL iR
WIS MR AT TE MRS B |, R B TETE AL
Je s XA R BRI AT AR TN
AR(DFTR,

15 2(%)=N/Ny>x100 1)
K Noo& 0 min BHAREZL(CFU/mL), N K
240 min I B 75 E(CFU/mL).

1.6.2 A[EIRBERIK FE T 5% € 71 ZE

Be il & AN R IBER MR L ) MRS WA EE 57
JE, WP 0.05%, 0.10%. 0.20%. 0.30%,
BifiJ57F 115 °CF K 20 min HORAF TR, %
B, DL 1% R R b D VR I 4 51 X AN [
JHER MR B Y MRS W IARRE SRS, JRAE 37 °C4%
B ERSE 240 J5, @ H ODgoo fE . LIAHER
W H 0.00%5 1E# MRS 5535 HE0E R 3 B,

[ B 3000 5 P 5 I R Ve B DR P06 236, T
B 1 mL {EALAF A TE I, 6 000 t/min #.0> 5 min,
£ EWE, 9IA 1 mL BHERWEE R 0.00%.
0.10%., 0.20% . 0.30%1) MRS ALK 53, 37 °C

FRERSE 120 min 5, B—SERARRBE 107,
Bt B 100 wL R RS 34 &) 2R A1 7E MRS B
M b, Gt PR R AR, IR
YESRTE:
1.6.3 X A[EIEIEE K4 T 88 SN E

BCE MRS WAREFREE, NaCl #EE 5300
2%. 4%. 6%. 8%. 10%, BlJGTE 115 °C K
W 20 min HRAFETER. 25, BET
W DL 1% Rh i B 42 )X SE AR ] NaCl e FE 1)
MRS ARG FRHE R, IFAE 37 °CAAF T i B s+
24 h, HJEME ODgoofH . LA NaCl N 0%0H
1R MRS B SRR A B
1.6.4 AN[ELEE BRI 8E 1N E

Fe HE 1% 1A F P 10 5 A 0 %) TRV e 2 3
MRS W ERE SR, 2378 20, 30, 35, 37,
42, 50 °CF 1557 24 h J5 I 5%E ODeoo 1H o
1.6.5 BEENEHE KN

Fie BR 1% 1) 2P 1 35 A 0 %) TR R e 42 B
MRS WAREE SR, il B R AR s il
A, —EJUHIN, BRIRE R, R
AR, WAE 120 r/min. 180 r/min #%3#
5 BE SR 24 h 5 5E ODgoo fH -
1.7 FhMigE SIMIzE
1.7.1 BEHkBEREEINE

1A &5 L. salivarius ATCC 11741 i
PR, PREPRE R E MRS KR 5T, 78
37 CCHZM FHTR RIS, KH, HE
T 6 000 r/min &5.0> 15 min, {3 PBS 2% 1P
FOFT R TR ADIIE, B 1 mL (BRI T
ODgoo fH, FRICH Ago Tl 1Y TR BE 1 1 HEHR %
10 s 5, Ry, IFEEIRTHE S h.
TEICIE], 2R 1 h B 0.1 mL AR, INA 3.9 mL
f) PBS JGIE ODgoo fH. HRLERESIITHEIA
KPR,

FIIRAERE J1(%)=(1-A/A)x100 )

http://journals.im.ac.cn/actamicrocn
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sy AgFEIRISE N 0 Y ODgoo 18, AZERA
[FIEFA] T ODgoo fH., t=1,2, 3,4, 5,
1.7.2  BEFKRERZK M E

B3 e IR R 6 000 t/min 2.0 15 min,
WeE A, BT, (70 PBS #E% 2 Wk, LIEER
Ri R 55888 . ¥ei%J5, FH 5 mL 0.1 mol/L KNO;
FEWVE, 1 mL % IE ODgoo fH, Frich
By, FIAHMPAIA 1 mL —HZE, WiEdky 30s
i, FEHEEE 10min, P, WiEIR% 2 min,
F MRS E 20 min, WU 2K AR E ODgoo
&, ¥3ich By, B/KMERE AW ARXG) IR,

i 7K B 11 (%)=(1-B,/Bp)x 100 3)
K By R/RBFIEIA 0 B ODgoo {H , By Fn i
ZL11) ODgoo H o
1.8 HIESH

IRIGHHE K GraphPad Prism #4: 1751
ot (B3 S ], JER AR XS B 7] pH Y
Mif 32 68 71 . ASIIRER MR i 32 RE 1 . XA RS %
R 554 AT 32 B T AN [) I B T 32 g 0 DL
VoS S T X R R AR S M A T B IR 2 22 40T, B
P DS EEAR E 2 FROR , DL P<0.05 2R A %
MR,

2 EREM

2.1 L.salivariusATCC 11741 B2 =
M E L. salivarius ATCC 11741 Y UERGTE,

T, MESZ AR E M TEVRIER, BB
HRFEDE, AFEILA, RECEE, OB m i
BEES, MBS R EMT (R 1A), 2R E
PP, WIS EFE AR | REEREHECR
HE9, KA ZFHIAAAE(E 1B).
2.2 L.salivariusATCC 11741 BJ 16S rRNA
EFEE

FEHL L. salivarius ATCC 11741 (R3E R4
DNA Wit , FIFHSIHQ27F 1 1492R)#E1T 16S
rRNA FE[AAY PCR 973, Bl biE e fa Uk 45
SR, PIESAHTAL T2 1500 bp b, KN4 T
WK 2A) . BEALPREE T PHMEY 3G 45 5 B4 77,
FEA P 45 SRR A2 2 NCBI Wl R4 7 He st {8
MEGA 11 i T Rk W (& 2B), 45
I63IE T Ar K450 L. salivarius ATCC 11741 itk
TERG A MEw T, AT TR 220y 558w
VA
2.3 L. salivarius ATCC 11741 BY4E KBz
iR RNz

PEEBUE LIS 1Y L. salivarius ATCC 11741 5
W IE AT IR, RS R R 2 KA .
Bt fe , I E L ODgoo fH, 221l T ATCC
11741 ARk, 450 8R, 1% EENER
AU, ARENR, A7E 1 h FIEAXEEK
W1, 2-6 h A A K A tl, 8 heAERKE -
2%, AR HA s RIRh R A K () 3A). TE

1 Ligilactobacillus salivarius ATCC 11741 HIFZS W

Figure 1

Morphological observations of Ligilactobacillus salivarius ATCC 11741. A: Colony morphology of

strain ATCC 11741 on MRS plate. B: Micrograph of Gram-stained bacterial cells.

<l actamicro@im.ac.cn, & 010-64807516
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A
bp

5000

3000

2000
1 500
1 000

750

1 500 bp

Ligilactobacillus salivarius strain HBUAS54082 16S rRNA (MH473311.1)
Ligilactobacillus salivarius strain BR1 16S rRNA (KY969261.1)

Ligilactobacillus salivarius strain ClaCZ11 16S rRNA (MN055930.1)

Ligilactobacillus salivarius strain SL13-4 16S rRNA (MN435816.1)

Ligilactobacillus salivarius subsp. salicinius strain JCM 1047 16S rRNA (AY137588.1)
Ligilactobacillus salivarius strain HBUAS54003 16S rRNA (MH473234.1)
Lactobacillus sp. strain Y1-0-102 16S rRNA (0OK326560.1)

Chicken intestinal bacterium MRS 4.5 16S rRNA (AF201900.1)

Uncultured Lactobacillus sp. clone OTU343 16S rRNA (OR045703.1)

100 | Ligilactobacillus salivarius strain JCM 8699 16S rRNA (AB911536.1)

Ligilactobacillus salivarius strain RA2115 16S rRNA (AY389803.1)
Ligilactobacillus salivarius strain CH-10 16S rRNA (FJ384627.1)
Ligilactobacillus salivarius strain HO 66 16S rRNA (NR_028725.2)
Ligilactobacillus salivarius strain ATCC 11741 16S rRNA (GCA_000159395.1)
Ligilactobacillus salivarius strain ATCC 11741 16S rRNA (AF089108.2)
Lactobacillus sp. Autruche 5 16S rRNA (DQ418553.1)

Ligilactobacillus salivarius strain NBRC 102160 16S rRNA (AB326353.1)
Ligilactobacillus salivarius strain L3-7 16S rRNA (AB612967.1)

Ligilactobacillus salivarius strain JCM 7712 16S rRNA (AB911465.1)

Ligilactobacillus salivarius strain 32 16S rRNA (KY969260.1)

L Ligilactobacillus salivarius strain 27R 16S rRNA (KY969262.1)

Lactococcus lactis strain Beet] 16S rRNA (OM957496.1)
—

0.050

2 Ligilactobacillus salivarius ATCC 11741 E#k 16S rRNA £E /) PCR MR HE ARG L EW

Figure 2 PCR analysis and phylogenetic tree of 16S rRNA gene from Ligilactobacillus salivarius ATCC
11741 strain. A: PCR results of 16S rRNA gene of ATCC 11741 strain. 1-10: Genomes; —: Water control; M:
DL5000 DNA Marker. B: Phylogenetic evolutionary tree of 16S rRNA gene of strain ATCC 11741. 0.050:
Distance scale, the unit length of the numerical difference between organisms or sequences, analogous to the
scale of an evolutionary tree.

http://journals.im.ac.cn/actamicrocn
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L L Il L
0 6 12 18 24
t/h

7.0
6.5
6.0
T 55
5.0
4.5
4'0 1 | 1 1 L 1 L 1
0

3 Ligilactobacillus salivarius ATCC 11741 B94 4 il 2% Fn 72 B4 i 2%
Figure 3 Growth and acid production curves of Ligilactobacillus salivarius ATCC 11741. A: Growth curve of
L. salivarius ATCC 11741. B: Acid production curve of L. salivarius ATCC 11741.

M7E ATCC 11741 A K M Ze A R, IR & 15
W pHAE, JResilil 7 EEbRA IRl L. 45IRER
WY, ZBERTE 2-7 h WA IR, 9 hje)™
PR AR B, 14 h JRkEREIRE, BE
pH HZEFRFTE 4.3 2247 (I 3B), RMASKIL, ATCC
11741 HA R EY 7~ IR RE
2.4 L.salivariusATCC 11741 BO 324514
2.4.1 L. salivariusATCC 11741 3 F R[5 pH Y
i 5% B

S E ISR pH A9 MRS RigE3k, BIR
PR PERREE, WE ATCC 11741 Bk A A4 KR
Mo GERFW, 23k 24 h (93555, ZEKTE pH
2.0 SRR, ODeoo (EAX N 0.01 247, LT
TR 7E pH A 4.0 B, ODgoo fHIAF] 1.6 A
F; 7€ pH N 5.7-9.0 BF, FERA KARDB AL,
ODgoo E R iA%! 2.1 A247, 7E pH Ky 11.0 B,
FRAE KRGS A TR, ODgoo ELIEH 1.7 £ 45 (K
4), BRIk, L. salivariusATCC 11741 oA
GERIN R . T B R

FEHE A NI AR TE I R 35 5 /F H Z 01,
FLUER B vo R S SR pH A58 . 8%, AH WA
BEREERNE, H pH HZWKEEm, 7
1.5-3.0 MSEEINEEh. Bk, b TS R4

<l actamicro@im.ac.cn, & 010-64807516

, RET pH A 2.0 SR, SRifi, HEI#E
pH 2.0 FIIRIRSAE N EESE 24 h A REXTFLAR B 1
B A, X5 T TR AE R SE R 1 ]
REAVRAT. PRI, Wl fE pH 2.0 5 T HEFR 4 h
VI S T W = Ve s o R B
Bl, ATCC 11741 f£153H 50.48%, HATRE
14 i T2

R
seskok
25 ———— ns
ok

2.0+

1.5+

0D 600

05

20 40 57 9.0 11.0
pH

4 A [E pH £ T Ligilactobacillus salivarius
ATCC 11741 BYEACIRR Bl DS {EbR U
ZEFOR, **: P<0.01; ***; P<0.001; ns: A3

Figure 4 Growth of Ligilactobacillus salivarius
ATCC 11741 under different pH conditions. Data are

expressed as meantstandard deviation, **: P<0.01;
*#%*: P<0.001; ns: No significant difference.
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2.4.2 L. salivarius ATCC 11741 5t F R [E]ABL
R S O 52 BE

NN FLRR 8 T2 i T iE b, AR
T AR R B, A/ N oA B i
A AEFTE 0.05%—0.30% 75 [N, 7EIR T3
FETET , AR AR AERF R TS 3, O H:
K AAE R IR AR R T AN
WeRERHER Y MRS 35573, MIE ATCC 11741 &
PRIEA IV FERHER T 4557 24 h J5 19 ODgoo fHL, &
PUTE 0.05%AHER W E T ATCC 11741 AR
AERRE, JLFSXTR -8 MR EE
0.10%VA_ LB, ODgoo fHMVE T FEHR 0.1 247 (B
5), $&7" ATCC 11741 BAT —2 M IBERAE TS .

SPGB N, FLRR R LT AS ] BB e = Wk
JHER AR 24 h, Kk, 7£5 0.10%. 0.20%.
0.30% MY HER R BE B35 77 HL 030355952 2 h s, fff
PGS NG HE TR R g, gk 1o
/N, ATCC 11741 ZERRER ML A 0.10% 7715 2R
R, 15 94.440 0%, {H&, HERHR K F] 0.20%

sfeskeokok

S

0.0 ! ! ,__:__| s s A o |
0.00 0.05 0.10 020 0.30
c(bile salt)/%
5 A [ERBEKE T Ligilactobacillus salivarius
ATCC 11741 BUEKIKRE BRI AR U
ZERIN, FEEE P<0.000 1
Figure 5 Growth of Ligilactobacillus salivarius
ATCC 11741 at different bile salt concentrations.

Data are expressed as meantstandard deviation,
**E*: P<0.000 1.

% 1 Ligilactobacillus salivarius ATCC 11741
XA [E] REEL R B RA i =2 42

Table 1 Tolerance of Ligilactobacillus salivarius
ATCC 11741 to different concentrations of bile
salt

c(bile salt)/%

Viable count
(x10” CFU/mL)

Survival rate (%)

0.00 4.80+0.21

0.10 4.50+0.11 94.440 0
0.20 0.029 0+0.004 4 0.600 0
0.30 0.000 030+0.000 002 0.000 6

CFU/mL indicates the number of viable bacteria per milliliter
of liquid, counted by plate counting.

K UL BT, S SR 2E . BRL, ATCC 11741
SR — € (T AL REVE , RIFERI ARy, B
R R IR ER AT, 5 553 AR BE S
2.4.3 L. salivarius ATCC 11741 X FF[Ei81E
[E WO = 8E

FLIR B TE T N R BRI 5 m B s b iz
AT, B, B —Em$0 NaCl GE 77 A5 LN
BN [F) NaCl R vk BE i 3 2 e 15 52 24 h )5,
M 4E L. salivarius ATCC 11741 BkERY ODgoo {4
M, Fi#E NaCl WE T+, ATCC 11741 K2
FIHHIAE L, E5 A 6% NaCl 1) MRS
WARREFRILIE IR 24 h )5, BIRIRET &, 5%k
AR K Y NaCl & &k 3] 8%, kKL
TAEK, BEBERNTIRE, X ATCC 11741
A I Rt B R (& 6), X SegE LR
B, IZWHEXT NaCl 8T 6% MR A &
Fen T A2 1
2.4.4 L. salivarius ATCC 11741 3 FARELEE
BT 5% BE 77

ST 30 B FT RE 23 52 e LR DA 179 R IR
XoF T LR T S o 2 7 i B — 2 R o e R
ANEERSEE , M5E L. salivarius ATCC 11741 7EAN
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[l R FE 24 h J5H) ODgy (L EL, ATCC
11741 FEIRIE N 20 °CH} ODgoo EN 0.2 2247, 4
Kt , 7EE 30-42 °CRf A KA, {HICH
WO, SR, CHIREETEE B 50 °ClY, bk
KeZ BB KIEI(E 7), Ui ATCC 11741 iEH
A KA TS EIAE 30-42 °CZ W], o syl
(A3 B AR TE A K

25 e
oly . —L
gl ]
81.0-
0.5
R R AT

c(NaCl)/%
El6 A[ENaCl;kE T Ligilactobacillus salivarius
ATCC 11741 BYEAKIRR Bl DOV {EbR U
FEFR, Rk P<0.000 1
Figure 6 Growth of Ligilactobacillus salivarius
ATCC 11741 at different NaCl concentrations.

Data are expressed as meantstandard deviation,
*xE%: P<0.000 1.

25~ sk ok
L L
2.0 - ]
S 15+
%“’ L
1.0 -
0.5
oo LLIL LI 5
20 30 35 37 42 50
T/°C

7 A EEET Liglactobacillus salivarius
ATCC 11741 WO B DISE S hr i
FEFRIN, FEEE, P<0.000 1

Figure 7 Growth of Ligilactobacillus salivarius
ATCC 11741 at different temperatures. Data are
expressed as meantstandard deviation, ****:
P<0.000 1.
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2.4.5
B &

FLIR TR & — S DR B IR E A A=,
A R AT RESZ B AR T A 52 o A 5 S o
R B e UL ] 4 S PR R, Ik T
ATCC 11741 A=K L5 B/, 5463854 120 r/min
F1 180 r/min % ATCC 11741 kIS TC2 0 (& 8),
Ul BB AR 1 25 KR 32 05 S A5
2.5 L. salivarius ATCC 11741 By B2 &£t
h 55K

L A 3 2o 66 B R R 18 N 4 R 4 T
RS | e ks FARREEDIRL, Bk, Rk aE
T R Ry A 25 A TR O Y AR A o (A
ERYIE, IRRAY B R AERBE KRR 5 B
FETEBY) e, SLI4E RN, ATCC 11741 A
RAERTE 5 h IiKF] 41.4% (£ 2), @Rl
SR N E ATCC 11741 FIEKYE, 455N
44.5%, MIHERAN R ) [ R R/E T AR g KR

TREIAEET L. salivarius ATCC 11741

25
ns

20+

1.5+

OD, 600

1.0

0.5

0.0

0 20 180
Shaker speed (r/min)
8 A [E4%#&ET Ligilactobacillus salivarius
ATCC 11741 BUEAKIKR  BUIE DA
ZHRIN, ns: ARE

Figure 8 Growth of Ligilactobacillus salivarius
ATCC 11741 at different speeds. Data are expressed

as meantstandard deviation, ns: No significant
difference.



M <5 | UEISAR, 2024, 64(10)

3911

% 2 Ligilactobacillus salivarius ATCC 11741 B9
BRE&ERE

Table 2 Self-aggregation capacity of Ligilactobacillus
salivarius ATCC 11741

t/h Ay A Self-aggregation rate (%)
0 0.174 0.174

1 0.174 0.148 14.9

2 0.174 0.126 27.5

3 0.174 0.114 34.5

4 0.174 0.109 37.4

5 0.174 0.102 41.4

IrhRiE, ATCC 11741 h—FkrP R B REME G
KYERRIRE . BT R A R g,
DL R T K AR, A S B AR B B A
J1E P Ak, #E ATCC 11741 AJREEA
BB B RE

3 WwhEE®

FLIR AR B #5 E T, T EAF G — Lk
Paife, anAEECRTE, 7EM SRR T (it pH (A
FIRER S5 HAe — e M AEAERE T, BBz 0 4 i
REJ1, REMEANZETIZhY E p i e s A
WFE B T ELA Rk A F O BB R A 2538 I A
i A A ——ME VR A OCHRFLAF B ATCC 11741 1
M FE RGP0 T X% B A A 2 v RE EA T
RAWESE, DU 7R HAEA FIREE 451 A=
FERE I FIAE N M, Sk 25 A A O R HE E S 52
Fro BE, @AW, EXRYE 168
rRNA LK 7€ L. salivarius ATCC 11741 f)
R PE, ZJRIE T HA K4 DL iR h 4k
DL AE AR W38 S50 T it 52 68 1 o ik SEAfF oY
N AR AR AN Bl T 50 47 1 0 A% 32 o
P A AR, 38 R 25 A T A S B g H AR
e Anek R4t 1 SR

W TEOT , BRI EES ODgoo (HZ [RIFFTE
IEAHDGOG R, MALBR W A R R I th 2k 5 HAE K
it 0 22 L7 DG 56 3R o AR RN S 1 R AR i 2

KBEFLIF I ATCC 11741 249 1 h stk A Bk K
W, 8 h JFAEKZ#T -2, ATCC 11741 TEXTH4
KW pH 2URIFEAL, mATRERE 43 £,
N BGRNFERRAE ST . A AP AN B i F
I PP LN s ) MV T O IRFLAT TR 4 h e A
HEARECA K, 7610 h G EM K, ZEk
BATRGRAY P IREE ), 15 2 pH (HREW i +r
FE 3.5 FiAas i SR A P TR rh 43 B 1) MR VA T
FRIRFLFF IR E 6 h 247 AT EAE K, Ik
pH TUETE 3.0 Aify; HAMBIRE LB, Ik
Wi tE T RBCFLAT I CPU9601 7E 2 h Bl HEA X%
AR, BEEWERAAR, B pH (EH R T
W, & pH (HAEFE 3.5-4.0 Z |, 25 by
i, ATCC 11741 2—#RAEK P, FPIRRE J15m i
MV 15 S OCERFLAT A

FLIR F A S il BRI R BT 25
AERSCR BT ER A DR T R B L ATH AL
WEE, BATHGRXT R XA 52 6E T, RAFH 4R
A TR AR N X RE S TE H H (227> pH 3.0 BYSRAF
TORREE 3 h HHEA R AAE R, s -
KBEFLFFE ATCC 11741 7E pH 4y 2.0 19 MRS
R FRILRIEE 4 h )5, WAOTECR BULAEE R
iK% 50.48%., AN, ATCC 11741 1E54 0.10%
F W EE IR A MRS WG TR IS 2 h e,
RN R 15 5] 94.440 0%, MIELZ R, TH3RM0
SFPUBHE R, MR TE 32 OCHECFLAF R ZIBF0OS
TE pH A 1.0 F1 2.0 BEREE T oA, HARK
REITEST A 0.2%HER i 3% 35 3k vh &2 31 & 3 1)
Hil; RFECIHE A 4 BRER T 32 G BFLAT
P TE pH 2.0 PREE N B3 FRAATE R d = AL 2 30%,
TE 0.2% ARG IR, X LU TRAR A A7 23 R
AIE 5%; VPSPPI IR MR TE T OCHEL
FFEE CPU9601 (TR FR M A AR PE, & B A
FRTE pH {H 4 2.0 & 3.0 RIS, HAEK
RE 123 7 B A, sk, TENRTHMRE N
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2%MIEFRAIET , KRR ODgoo fEHI 5225 [
iR 25 bk , My g S OCERFLFF I ATCC 11741
HLAG R ATt R | REAE AL o ZI A R 1R 15
H R RFRS R I AEE 2K LAk, X Rt Hfg —
P NAER TR 320 o ARBHFFEEIE T ATCC 11741 7E
ANF] NaClHRBE N rgARARSL, &3 ATCC 11741
REMH A2 A0 W Y NaCl, 386 A A T fiff
WA T OCHRFLAT B A 2 RS T (B
Bl , B TRE T R HTR S A T RS

T 2 P U TR AR A A A R R 1) A e A
HE B CEEMWMEN, fefieiTEumE LK, Jif
At R A (4 e I S Y R R R 0 BRI
0 R e A AR A ARG B, ORI —
R BE A AT R 2 5 R T R il A A% AR
e A s AR ALDY . B, MR
5 F IR FUAFH ATCC 11741 38 B A K BTG
FIoh 30-42 °C, fifERKEE R 37 °C, X 51
A 5 35 B T e Y T I LA T A % R T
55 BTl R e — 2, 3 2R AR Y T
o385 VR s T OCHRFLFF I, R AT MRS A
BB 37 °CHESE 24 h, LAIKG I HL AR KAk
TAG VDI AT H 43 B H 0 M YR T T S K
FUFFRE AL T 37 °CHig%, Bl Rk T
TR S ik S AT DUIE W MV 1 32 0C
R LA R B AR R PR R 37 °C, T B I
JEA R F R PR A K, AU RR AR R Ak
FEERS ], IR RE T A AR IR0y, B Hem R
JOT L o 3 P I B A R X TR R R A T A S
PR, SRR SR N AR, HA Y2
FEPE RN A2 AR 2 e BUAS 5 i B g AR E o X
A5 5% A 51 RE % o v A 3 P A T AR 10 P RE AN
W, IR SR SR AN AR 1 S

1 N e el = B Y R O DA N
17 7 T P9 S B A A R0 AR5 3 Ao
JE ATCC 11741 () B REE /8 1 L) R K PRl 45
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fhEFMRE S . ARERE M. T IRTFHIbRTE
A3 RIXT R A 50% LA E L 36%—50% . 16%—-35%,
BiKPERE I . H L ARAET )43 AR 50% A E
20%—50% LA Kz 20% LA BT, ABIESE i & 15 5
ATCC 11741 A RERLE S h 1153 41.4%, &
IKYEN 44.5%, —MoRUL, BKELIL, BRE
A 738 15 (>80%) B A K (<10%) 5 23 F AR L
REIPY, MEERRM AR RE T AR I KM
Y FETE P AR (Z) 50%), HJR B 4 i 266 b
PERE A AT REE 2 RS, T i
6 FORBEFLFFH L.S.05 JEfrisi v A [ B AL BE
J1508r, H A RERE TGRS HIH 61.16%
M 57.12%, HAZHEHRAESIY A /] RE R AR
Fr BRSO s Wang Y8R T T EBEFLIT A
7ZX633 HEMEH 15.32%, HiAKYEN 33.48%, #H
A ar sl B 2@ EENIN 29 MR R
13T /KA B SRS, BT A A TR PR 1 g 7K
PEERTE 7%-32%Z 0], IR Ak 4 h (1 3 R ETE
3%—81%, AT REH A ZEMT A R A0 EE T o R,
W 15 TR ATCC 11741 H—kkPEH
REM ., PEGUKEA R, HEARMNTHE
M=

AHIEFE B AR ELAT i 1y S e oy R ANEL . 3
T X MR T 2 SR FLAT R ATCC 11741 Tiif 3214 B
BRI, A 26 A R Tl A 7 45U oy R 4R T
H S IR AR AN AR S 3280 AN Bl
TR A R AL Ak IR B T HE sl A oG
P R A & R L SR, AT BR T e
ATCC 11741 Tt 52 PR SEPE BT AR, X oA PRSP
PRI AR B o B, FEELRmffoeh, T
E1 Xt ATCC 11741 8 A BRI PEEA 7 58 4 1) 4
SR 5 43 BT o AR R OC T R T LA S e A
BB E A HARBLH] SRR, 75 20l SL a0 7
ISUE, DIRBEEIRA . AR TR, . A
A &% A {8 3 (high  performance  liquid
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HPLC) 5 < # & 1% (gas
chromatography, GC)35 43 BT AR, %8 bk ™A=
A HLER RSN B &5 Sl B Bk . L3R
DAL, R B ARG E D S0 TR I B A
S o EFEAUAT DUEAN YRI5 0925 11, RRES
R SR 118 1y FH AR A B 08 ST ) R S il

MK, ATCC 11741 A K 2R 3
MRS U2, XRARI IR ) S HAEK
MhZeAl—sk, HadmARKIRE R 3742 °«C, A
AR mTER . WO REE , AR OSR]I A2
0.05%M HEL A1 6% NaCl %, %} 0.10%[1)
EAE—E B N BRI 2 Re ), AR
ERAR BTN QSR B S O R U N 1
TER : MEWRTE FOCEKFLFT R ATCC 11741 Ttk
MR, AR, brEBRIRERRE ) Boom, IR
WM, HAWEREMEE), & —REE
e o A B FLIR 14

€]
BRI P 52 A KT AR 5 TR
ST IR 05 LI T U 53 5 3

AR MR 15 £ OCERFLFT IR ATCC 11741, 52T
AWFFE AT LR T B A5 0

1E# Tk = A

M ARSI R MR A A
B, SRS R T BT AL
ORGSR 4
W 2SR Kl BRI
B

fE# R 2ok RATFE

V& P BB AT Ao AT BE-22 52 WA AN SO i
TAER E MM iR s AR

chromatography,

S 30k
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