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Abstract: The thermal resistance, acid resistance, bile salt resistance, adhesion ability, antibiotic susceptibility, and other biological
characteristics of Brevibacillus laterosporus strain S62-9 were studied-in vitro. Strain S62-9 exhibited good thermal tolerance, with a survival
rate of 86.20% after incubation in an 85 °C water bath for 5 min. It had the lowest survival rate (85.70%) after exposure to simulated gastric
juices at pH 2.0 for 4 h, whereas the survival rates at pH 3.0 and 4.0 were both higher than 95.00%. The survival rates after 4-h treatments in
0.1%, 0.2%, and 0.3% bile-salt-stimulated intestinal fluids were 93.30%, 91.70%, and 88.30%, respectively. Strain S62-9 showed high tolerance
to simulated gastrointestinal transit, where.its survival rate was 96.00% after being treated with gastric juice at pH 2.0 for two hours followed by
a three-hour treatment in intestinal fluid containing.0.3% bile salt. The bacterium in the trophozoite stage showed an adhesion ability of 20.70
CFU per Caco-2 cell, which was higher than that of the control strain (Bacillus subtilis K1). Strain S62-9 had no observable resistance to 10
types of antibiotics tested and was thus considered to be a biosafe strain. These excellent probiotic characteristics of B. laterosporus S62-9 meet
the standards and requirements of a good probiotic, laying a theoretical basis for its development and application as a probiotic strain.
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1.1 RIeAT R

111 KB EAF

R W WA AT Brevibacillus
laterosporus S62-9, ASSLIG ZE{RAT .

SR AR KL YIS Co ATk
JFT I CMCCA4T52, RSl = {4«
1.1.2 RImjie

Caco-2 #ilfis (AFikE&szmipEani, e
PR A0z
1.1.3  REIKHA

L-AEBtG . HERNEERIEAR. REAN
-EDTA 7H/Li (Solarbio A7]), DMEM AR 7k

(Gibco @), JAEIME (Thermo A&, —HIIETY

I (Gibco AR BEMAN (Sigma A7), JEHEE (A6
R R YR RAFD.

P RbRER: 28 FFRE ). K AfESE

(BIRHRRAHER. WWHEER (EHERRTLEHER.
FENET R CEz) . KR GhER LSRR ER).
MATHE2S (MRAl B MA-NBE (BSLEik),
JLARHE 2D AR A AL, 4 ik 10 Fzhy)FeiE
W R RECK 1280 pg/mL TLEEHE, %
114 BEFHHAE

BERNEFE (NB, g/L): EAM 10, 4-KH
B3, 5L 5, pH IR 2 7.240.2, 121 °C K 20 min.

FURRTHEREFRHE (MRS, /L) Hi%jkE 20, HAM
10, “FE 10, MEEE 5, LMRN5, BEERE M 2,
FEAGIREE 2, TilREE 0.58, Bilik%h 0.25, nhiE-80 1,
Bl 20, pHEIAZ 6.240.2, 121/ °C Ki#.20 min.

YHMRETEHE: DMEM JRERbREFEHRE . 10%(mNV)#eK
E R4S (FBS; HyClone) . L-A& Bk (2
mmol/L). #H# & (100 Ulml). #E%# (100 pg/mL).

YRR 0:25% (miV) Trypsin-0.53 mmol/L
EDTA.

12 FEZENHEE

CO, 4HMBEEF48 (SANYO AR, 518 Sk (3
MG IRAFD, EiFri (Molecular Devices A5,
pH Tt R TR 2 A TR A 7D

13 AR5

1.3.1 B. laterosporus S62-9 i # A 5,

K NB 15773k, 37 °C, 240 r/min 4R35 1555 48 h,
LR R RN, RIS B. laterosporus S62-9
BRI E T 85 CoKitaa 5 min, EIHA/KEE =
W, SPARFRBERATZATINE AL, DAZKI AR ER
FEROAGIR, THEEAAE R,

G (%) =iIRHERE (CFU/ML) 4R
TEEE (CFU/ML) ><100%
1.3.2 B. laterosporus S62-9 7 B M4 AF %,

SR pH BN 2.00 3.04 4.0 HIERERIEW, W
T 1.0% (mV) 1B B I (sigma, 1200~2400 U/mg),
ARG 0.22 pm PRFFLIERE IS JERRTE, BN
T B KEs7 2 48 h [ B. laterosporus S62-9 1% 757
IR T EIR N T B, 3 °C, 240 r/min 1
It 3R T 20 A4 h EHIE R, DLICHE ALK
BARNLEW, ERFEMFR PR, DUREARFE
DRHHR, THEHAAER GHEARE 1.3.0).
1.3.3 B. laterosporus S62-9 A2 & A 7,

N Lt & FriE KH.P0,6.89, il 500 mL
TR 7KIE#, H NaOH ¥R pH % 6.8, £ 4 1000
mL, IIAJEREER, (FILZREE N 0.1%, 0.2%F10.3%
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(M), Fe50 VR E F 0.22 pm (R LIE AR JERR I
#4 B. laterosporus S62-9 557 48 h I KA 7 %Rk T
IR AT, 37 °C, 240 r/min ¥53%, 205l 2 h Al
4h P HTEEE, UEHEAR KBTS, P
TERFERI 2 N REFRI A PRRE S OASTRR, TR AR
K OGHEARE 1.3.D.

1.3.4 B. laterosporus S62-9 A4 R4 £ 5h40 B
iZECR KA R RO LR Qe X

WHL 1 mL B. laterosporus S62-9 KE#% T 9 mL
pH 2.0 KA T B, 37 CHR&HR2h, MATH
WA FIE TEAG 1 mL T 9 mL & 0.3%J&AHERII N
Thgi, 37 CREREEFE 3 h i TiE w4, G
T AE 2 R 7K AR BADL R A FE P T AR i i R,
HEHAERE GHEAA 1.3.0,

1.3.5 B. laterosporus S62-9 556 AT R,

PRI 2% P25, 4 B. laterosporus
$62-9 FEAHT NB, 37 ‘C. 240 r/min BiE S5 KA
W CEFM DU REEN CEfA), Ry 2E /T s
K1 (NB 357858 FIEMAIT B Cs (MRS B35 W
KRB KR CEF74), 8000 r/min B.» 15
min, UWEERETR, PBS Pk 2 Ik, BB TGN
Fift) DMEM B3, Bl %E A 140° CFU/mL,
%

Caco-2 ZHMf 13555 ¥ Caco-2 ZHMIE4F: (£ 25 ¢m?
LIRS TR A, NS 10%:Ki% IR A= ILIEFT 200
U/mL HF5Z+100 pg/mL #52. 1% L-BRBHET
DMEM 5535, 37 °C, 5% COsdafhigs, 4h%
— R — IR IEIEIR, B3 Caco-2 41k E AL KA
E4Hi, R AR-EDTA MG T I B, 24
J&i I DMEM 55350 B4y 5X40°4smlb, 455
F) 24 FLAMMEE SRR, Bl mL, 37 C, 5%H)
CO, HiF At i 7%, %5 Caco-2 A AEH: TR H T AL
SEREMISBA b R PIBLIR S FT, Fidi DMEM K537
TR, PBS Weisk 2 70, Brds A2 T+ 24 FLIKH Caco-2 4f
fa, 2%

P 22 5 Caco-2 2B : 1% 774F Caco-2
A AIARALA N 1 mL I I ERI (110° CFU/
fL), LAISINEEE DMEM AR, 37 C, 5%
CO, B F-AENME 2h, W E G, Fou BRFLI4HH
BT AR, AT BIRDIR, IR
BIEH Caco-2 AR, ARG R ek HoiiE 4L,
THE AL A S, ialiefLAH PBS Bk 3 X,
B2 ARBRIIANEE, 2 Ja LA I N TC i 250K VR H
30 min, ZHERLINL, KRAMHEEIE T, ZRY)
FReE, PHROETET L THRBNT R
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Horr, Caco-2 ZH i fa vt FEZH 4 28 i BR 1T
AR EIN =
1.3.6 B. laterosporus S62-9 25 &A%,

BRIRIH % ¥4 B. laterosporus S62-9. Hi%L
TR B KL AR 7T CMCC44752 43 5l #:F4F NB,
AT CoHMT MRS, 5535208 KA,
Sy B E A 140° CFU/ML, 4% &

B0 MIC 8 %% 1.1.3 7 K2 10 Fiisk
K, 1F 96 FLIR R A A iRkt T 2 R skfs
LeAaRE, SRS LR NS AR TR B, BRE L 4l
T EE TR, K 96 FLIRE T 37 “CHE =4
Bi 3% 18~24 h, WEREEGE, HPETE ISR — AL R
PUA: A BAZA A RN HH R B MIC
1.3.7 HABLGIA AT

SKH SPSS 19.04At 14755 /347, “RH Origin
8.5 i fen .

2 ZREHL

2.1 B. laterosporus S62-9 i # M #F %

fREE RN T EER TPz —, —RrEmiR
o ) PR B R AR, FLRE R Rk R — A
60~80 C, PIXGRLEIPRLREE N 75~90 C, kLI E]—
f5 9 2~5 mint), ek A i b P A A A AR R
K, FEELPRN R ERA R E, Fik, A
BN I A E N ARSI PR e bR 2 —, A
PRSI R R R AR AR T . — ] E I KA
R FE, PRI #E. ASCK B. laterosporus
S62-9 FEMHE T 85 ‘C/K¥ 5 min, ZJE ZRIAHAIK
Feasii, HAAEHR IR 1.

&1 B Jaterosporus S62-9 R IR

Table 1 Thermal resistance of B. laterosporus S62-9

B %44/(CFU/mL) oA
Xt B8, 85°C ks 1%
(5.8020.03)<10° (5.0020.70)>10° 86.20-12.10

H# 1 A5, SXTEEZHAELE, B. laterosporus S62-9
BV %1 5.8010° CFU/ML 4% 5.00x10° CFU/mL,
TEIE %K 86.20%, T] I, B. laterosporus S$62-9 FrIR 4
PEE R, ERPRE R A gl 2 . i
W FE R I BEE AL FER FE ) TF s, A B AT BT (R A0
R, 70 C/KHS 10 min, 2FEAILEERIZIT 90%,
1M 90 “CH A5l 80%HIAFEZ
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2.2 B. laterosporus S62-9 xt A T & ikt % &

AESHIFIE ABESI R G, Loz 55,
Xt BWAS pH B, B EEBEEE RN
H RGN HCIA e S )RR B . B pH I8
N 3.0 it BAERGRIIREIER, /NEREY
NBIIR N IS —E B, ERIUEEIHAIE TR REE K
AR, WAL IRE RIFrImER & B & AN
(t1gE 7, ASCHFSE T B. laterosporus $62-9 7E/8 A pH
EAN LB, ERAFER G REREE, 25 R
1.

120 - O2h
H4h
100 -

80
60 -

TR [ %

40
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2 3 4
pH{H
Bl 1 B /aterosporus $62-9 ¥f AT B iRBITT= M
Fig.1 Acid tolerance of B. laterosporus S62-9 in gastric juice
P L AT, SN L EWAER 2h 5, ASF pH E
I B. laterosporus S62-9 ¥ [ #35) A BH 2. [ /EH 4 h
Ja s pH 2.0 N R 5% 1 e il H A 6.30%10°
CFU/mL F %% 5.40x10° CRU/mL, f£i5 % 85.70%,
pH 3.0 flpH 4.0 F, FiH%E T 95.00%, A0,
B. laterosporus S62-9 X A8 i H A RAF Az 14 .
XK RN T N (I gt SRRAL,
ICERFA 5 T 2 AR B OS2 MM, PSS pH BRI,
i SZ B R . KBRS R B R, 75 pH 2.0
PN R R, AR RS R 2 AT R R AR 2 AT R 1Y)
FAFEZEEL) ST 80%, A S AT R AR TE R R A
46%:; 1M pH 4.0 I, 3 BREF LB IAFIEZ 55T 90%.
PR R, R ZF AT A FE pH B 2.0 AT B
AbFE 6 h JE A7 SRR 76%, M pH 4.0 B A7E ST
90%. FEIER AT AR pH 2.0 EFRRZH
9% 3h, TREEN 41%, pHA0EIE9h, fRER
REL 2] 49%.

2.3 B. laterosporus S62-9 xt iz AE 4 it 5 4

BB AR AR, A ITE m BB T
SRR BT SRR, M R RiEE
ERIR R —, Dk, APt B ER i 52 P g
WS AT T8 AP RAE DI ek sk b2 —, 2T
HEIHE NS A RO Sl R A SCRTSE T ARSI
JRER W TN T, fEHAFE G B
laterosporus S62-9 ITEE £, 45 LK 2.

120 - O2h
m4h
100 -
£ 80+
i’g 60
=
40
20+
0 0.1 0.2 0.3
JEERIREE / %

2 B/ laterosporus S62-9 FFRBELHIT 14
Fig.2 Tolerance of B. laterosporus S62-9 to bile salt in the
intestinal juice

200R, S NTIRIER 2 h 5, RN
0.1%it}, B. laterosporus S62-9 NG EE A BFIK, 1
NEERHRE . 0.29%F0 0.3%K}, TEHESIHRT M, H
TR A 98.30% 1 94.80%; &M 4 h &, B.
laterosporus S62-9 FIVEREHE 2 h WA B, IH
EHIRER 0.1%H1 0.2%FH 1735 %4 52 93.30% Al
91.70%, LA 0.3%IK/E MG EERAC, (HILARERA) AT
#EFF 88.30%, AW, B. laterosporus S62-9 %t A Tk
FFRIAE R B RPN 2 4. T 3s2P7E 0.3% 00 F
Rt 4 h, A ERATRAES 2N 65.5%. il
FERAET, BEFL T 1 MRS SR RAT B P T0 R /S K
B, 7E 0.03%~0.3%4# JIH # 1  Hh H A7 7% 22 2l i
90%.

2.4 B. laterosporus S62-9 il &4z E

W 9 R B T e

TR EYIAESN Y B i R AT BN TR, X B
laterosporus S62-9 & BV AT UL AN AL P2 3
I, #5R Ik 2,

t# 2 1%, B. laterosporus $62-9 £+ pH 2.0 )
NLEWACEE 2 h, BRI 0.3%M A\ L
WALEE 3 h 5, SXTRRAAHE, IEEEREA K, B
IR AL, B. laterosporus $62-9 it 8N Ak i F BA #¢
GFIIN 21, RERE T 52— & I SRR A R B i R AR H
NHAENENAKIFRIED RS T REFH %ok
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o BRI — R FEAR B 2 AT I BS AR, 2F AT

BC il 51 52 & 2T 5 il 70 1) e i Ao e

VT TR, RIVE A ZEAIFF R EERZ T pH

2.0 AT EWAER 2 h J5HEN 0.3% 5 IR I m5E

FEN TR 3 h e, HOGHE A W R R,

HAI4G 5.8110° CFU/ML R 3.74x10" CFU/ML.
R 2 B laterosporus S62-9 EVIETZ M

Table 2 Tolerance of B. laterosporus S62-9 to the digestive tract

) & 40/(CFU/mL) i
‘ HiER
B ie]) pH2.0/2h
AR 1%
0.3%A2.2/3 h

5h (5.0020.70)<10°  (4.8020.30)<10°  96.0045.60

2.5 B. laterosporus S62-9 fk 4 £k [t & #F %

FMEMEY S8 EiEM ARS8, W
REBEN B AR AT . H AT IR
AR EAE D P L RETS O 2 2E R A,
PRIL IS b B2 2L BAT R A B R e i
AR AAE A R o PRI I i A T S P E R P 11
AR, EESR AR S I E AU A S D RE R
A RBEAT ARSI T, Horh Caco-2 ML N4
JieE LR AR, TEASRITLRE S IEH /M _E R 4R

W, P, Caco-2 4R iz M IR IEAT (1
TERNESIIG . B RTSie A ZWIRTE IR AR/
oo e 70 P 3 Sy Caco-2 AHMAERS 7
SRR 25 em? BEFRIRT 24 FUARIS (41 A
BB T

r -

a b
3.Caco-2 HULMREIEF LTS
Fig.3 Cell morphology of Caco-2

7E: a Caco-2&EfH P Mt A&, boCaco-2/E243 L4+
e .

R E TR AL RCIRZS 1K) B, laterosporus
$62-9 735 Caco-2 AL A E —E N E 5, @il
PR T TR TSR R, R 2 PRI S
I AT b5 2F AP KL MIEAFUAT B C) 1
JXTHE, LLUHSRPEAT B. laterosporus $62-9 44 #Zh

(&3,

3 3 ZARERIRINEAR I

Table 3 Adhesion ability of three bacterial strains to Caco-2 cells in vitro

Atk B AR EE I £K/(CFU/mL) 4mfie. 44/ (cells/mL) FEMEE/(CFU /cells)
B. laterosporus S62-9 & #x/k (1.2040.02) 10" 20.7043.00
B. laterosporus S62-9 3 &k (1.300.10)<10° & 80408 2.2040.20
AFEFIOATH KLE ik (4.7022.00)=10° 0.8140.40
HAHIATH C; (4.0040.80)<10" 69.00+13.40

% 3 5oR, EIFHAIRA ) B. laterosporus S62-9 %
Bt e 7 AR, S XA L, B
laterosporus $62-9 4 Ff & B i imy TR B 2R AT B KX,
(B THEFAFES Cos. HENFTRER T B. laterosporus
$62-9.43 % H I, I EMFLT B Cs RIET-3h4,
R R PE AR T % Matijasic 252 FH [RIRE
TR —RRAIR I GG IR IHEES, S5 RERHIHT
HIghI2 N 16.93 CFU/cell, %45 %[ B. laterosporus
S62-9 FhBT AT FEHE, AFSRIRE AR B
PEREAN . 15 i A T A S PR I8 L AR S MELADL I BR
BRI %Z, Hik, WAMFFRNEN—1NS%, B.
laterosporus S62-9 fi¢ 15 B EITEAAR A R B A E ARG 2
— B AR P RERIGIE o

2.6 B. laterosporus S62-9 24 G4 #F %
22 AV R A A 2 ) ) B e 8 R e R DGR ) TR

56

B, AR TIA ™ B D T
Xt U AE R M 251 . 284 AT 22 VDRI
HEZM— N AR AR v LU R I bihi A 2 5
A, PR ORI SE F AR ) 22 ek, R BT 24
PEVEARTA. oA 25 25 B AR 7 7T LA e 7
T fE) R, — 7T, ARG i & B — e
itk, el AR =G, BT E e
TERBNE BB IR, FFREBITE 2 BRI e T
AT 53— 071, WS AR 2 it =357
M 2431, e A5 A 25 55 R B oo sl e e 1
A AARA AT Rekeit 25 5L R R 4h i A S, 8
A EREAHH LG, FEARERM, AT B,
laterosporus S62-9 DA & 3 #RxT R IR (R HL AT 1R
K1, HEFATE Cs HKIZHT T CMCC44752) Xi5)#)
FREEHE B 7 K3 10 Mt A s 21, 458 Wk
4,
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x4 MRERIZHHE

Table 4 Antibiotic susceptibility of four bacterial strains

At E MIC/(ug/mL)
Nk AR B. laterosporus S62-9 A6 E FIAFH K1 HMIAFE C;  KMAFEH CMCC4A4752
% pkE HHEE 16.00 8.00 320.00 2.00
}%l ~ Bl Pe iy . . . .
KRR rRAE 0.50 1.00 4.00 320.00
uEE 0.0625 0.125 1.00 40.00
2EE 2.00 0.125 2.00 4.00
WRE K =
rEE 8.00 1.00 8.00 4.00
REMEFE HEE 2.00 0.25 160.00 2.00
3 A
EE 2.00 2.00 1.00 80.00
REx
EREE 20.00 4.00 8.00
Wk WTEE 16.00 16.00 8.00 -
LABRE  FTE Sk 0.125 0.125 0.125 8.00

f# 4 W[40, B. laterosporus S62-9 X+ A 10
FhprA: RIGA T LEM 21, IR RIR P REFN BP9k
U, MIC B4/ T 1.00 pg/mL, XA ER
N FENEL P U, W2 MR DR R
Bk I B A 25 BRI U ERUIG, %45 B 5 T At
WAL, TR 2> B8 3. TR AER T 6
MR BT 2R 7, RIIX 6 AR TR 2L hE
IR N BERPTA R BURK, RIS AR
RSP R FIRER I BB . 50 R kL R 24
¥ B K1 AL, B. laterosporus S62-9 [ MIC i 5241
i, {H B .laterosporus S62-9 X} £ k5. MU EIS A
B RIS AE R UM = TR R A A IR
K1, T BRAREDAFTE Co MR R RAHER
1) MIC (B35 i - de i (1) SR VR4 FH 70, L6 22 R
RAE T RPAERRIH T 251%; KA
CMCC44752 WX Z= RmIER < Bhasmrath i€ it
PE, TSR w222l 0 GO, BRI Al
RS KT 3. CMCC44752 ) MIC {8 (3£ 4 H1 ]
“PZRIND, AT A RS HE B O o AR R
%y5%F B. laterosporus S62-9. iUt Al LA, B.
laterosporus S62-9 MIAlSEZF AIFF 1A K1 % WL HTAE
RRKEZAGrrAm 250, e L& I,
B.laterosporus $62-9 R[N NAEAE AT RSINPTAE R
iy 2, HADLRAMAESHIREA RN, RARY
(RFE RN FAME -

3 g

3.1 GUAEASHIFRIMN A RV MPAHERTE. REF
Ve 2RISR R s R AT i fabn, R
RE S Hoe i A s AR, o e a7
P bR s . ASCEET RS LR 4hie:

3.2 EANKIBESURIRIRD], B. laterosporus S62-9 H.
A RAEF R, T b AR R A A5k .

33 AN TAPlTE W E MBI, B. laterosporus
S62-9 HAT RIFMME IR MIHERRE, NI GIE
WAK IR I Y RAFISe %

3.4 %] Caco-2 AMMuHIREFFFIEFE L, B.laterosporus
S62-9 BAT RAFHIFHHEENE, FPHAE iz s 15 B
FECSEfOAFR KL, (AC TN E Co NHAE
TE N ARV E R 7 B AR .

3.5 fUERZMELE I, B. laterosporus S62-9 Xif 7
R BT 2RI AN FRE BE (B, (R5R
AT, DRI 24517 TH & T2 e ik
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