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Antioxidant and Anti-Inflammatory Effects of Live and
Heat—Killed Limosilactobacillus fermentum isolated from
Baekkimchi

Ga—Young Lee, Min—-Kyeong Lee, Ji-Woo Choi, Hye-Jin Youn,
Hyun-Hee Cho and Hoon Park’

Department of Food Science, Sun Moon University, Asan 31460, Republic of Korea

Abstract

This study aimed to evaluate the probiotic properties of Limosilactobacillus
fermentum SMF680 and Limosilactobacillus fermentum SMF709, which were isolated
from Baekkimchi, and to assess the antioxidant and anti-inflammatory activities of
live and heat-killed cells. The selected SMF680 and SMF709 strains showed similar
acid resistance, bile resistance, and intestinal cell adhesion compared to
Lacticaseibacillus rhamnosus GG (LGG), a commercial probiotic strain. The live and
heat-killed cells of SMF680 and SMF709 did not show toxicity at a concentration of
1 mg/mL against intestinal cells (HT-29) and macrophages (RAW 264.7). The
heat-killed cells of SMF680 and SMF709 showed significantly higher DPPH and ABTS
radical scavenging activities as well as f-carotene bleaching inhibitory activity than
those of LGG (p<0.05). Moreover, the heat-killed cells of SMF680 and SMF709 showed
significantly higher ABTS radical scavenging and A-carotene bleaching inhibition
activities compared to the live cells (p{0.05). The treatment of live or heat-killed cells
of SMF680 and SMF709 significantly suppressed the expression of TNF-e, IL-6, iNOS
and COX-2 in LPS-stimulated RAW 264.7 macrophages (p<0.05). The live and
heat-killed cells of SMF680 and SMF709 exhibited superior inhibitory activities on the
expression of TNF-g, IL-6, iNOS and COX-2 compared to those of LGG. In particular,
the heat-killed cells of SMF709 showed the most potent anti-inflammatory effect by
inhibiting IL-6, iNOS and COX-2 expression by 73.86%, 81.93%, and 65.75%,
respectively. Therefore, the results of this study suggest that the heat-killed cells of
L. fermentum SMF680 and [. fermentum SMF709 strains could be utilized as natural
antioxidant and anti-inflammatory agents in the food, pharmaceutical, and cosmetic
industries.
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Agke] dhgo] F7IstaL itk sAlol T ALFslet ARS] &5
Hslke 7] Higk Tilo] oHA A7s/d4Ee $24
o] ¥Z=1 ItHRyu er al, 2017). £3|, & A73} HsHA
e ZzH[o] 2 EX(probiotics) Aol A AR 0= F447%
Sl glom, 7 S AY oS ffet AAA]l Bokz =
L QT

nRlo] QAL Q7 El B8 450] A7o] 0|2 JTS 3}

A, o A, 1 S o M=o a3t ok
3 A Bang er al, 2012; Kang er al, 2019). 22 7]
A= ZEHPO|QEIATE A A7) /AR ofet WY 24, A
W A4, St I A ofEs JjA, FHAEE At
5 oot A mAE 29 e mudn gt
(Ghoneim and Moselhy, 2016). ZRZHP|QEA HFE=
Lacrobacillus,  Lacticaseibacillus,  Limosilactobacillus,
Lactiplantibacillus, Streptococcus, Enterococcus, Bifido-
bacterium < 59| H|BE0] F=& o]-§HTt ol PES H|Y
A, H8EA, 754 59 /o] EHH o R HAE|ojof 5}
o, A ol it W 250l ot ol &L 4
Aojok atar, Aol & AHztoto] 715/ WRlsHoF SeH(Shin
et al., 2021). T2\ ZEHPO|QEIAR o] &E= At G} 4
o Hefoh, ARISEE gt AlE Alx 378 75 olA QF
A& dHsp| Yol FRE P Folsfor sk EAIHl Aok
(Ardestani er al, 2019). < ZE2Ho]QEIAQ] 012 gl 3}o]
AR QIR HAL BE, 58, §H], gE27] 59 B A7
S7ketaL Qlom, AlAJotet Ho] Aok SRjolA Foidt ¢
4 2T Ho = YFslo] 45 HESS ¥od &
£ 987t B1uE vt QIcHPique er al, 2019). mEbA] AJE T
QFAsH FARE @A Ueidl= ARFAIZE 7153418 24
2 3 S B gl

ef L Z2Ho] Q E]A(paraprobioticsi= AME AHEE E3) v|[EA]
ohEl ZEHlo|QEIA0 AtA|R, FT ofy A7 FOl A
AR 79 o= Alsdtths Aol HEAHA A 715
A AR B2 FEZ W Qlth 55|, ARAls AT oSt
of Rt 2o] olele 1T LE A5 7Rk, QAT &
HHe] Hel S 24 M A7HEEA A771541E, GERE, Al

|

o 1 )
o, P 5 FHR okl A8 = 3= Aol ot et
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IZH| QEA] Alx WO R = HAY, 251}, A4, 7nt
A, R4 5 TRt HHol
7P} de ol =1 itk EA Y HHE FA0] Testal, HE
9] YU Fato] 7hsoh, & 270 whet Al o) mh] A%
£ 28T 4 Q= o] JtHAlmada er al, 2016). oL Zu}
O|eEIAS] AEjgH] gEoZE= GAF oK 8=d
exopolysaccharide, teichoic acid, peptidoglycan, cell
surface protein 5°] AL UcHLee er al, 2023). A7}
Al Lactobacillus®} Bifidobacterium < ZZ2H}0]| QEIA0] At
AE ol &3t AFE Bl AL I, T, WY 24, dAFY
A} 59 A7} 71%54d0] BEAl Q1o W Averina er al, 2021;
Ma et al, 2021), tfU3t Z2Hlo] Q€] fANIFE 0|3t A
24 dte BT Aol

A Z(reactive oxygen species, ROS)S AAFZQ1 A of
AL IPgoll A mlEZE o}, AXA Y HEAZNA A=, A
et 9] FroA= MRZALS Hdof 2Esto] Al F4], Al
I 2o} AlZo] A& 5 S FAskeT HojRith T=y
A&A 02 It ARy AEF A0 LEEH 7)o ROS AF4
o2 BExskAHRAL Tld DNA 3t 22 AR} Alsh &
d& YoA AE APER IARE DoFItKYeon er al, 2013). ©]
ot AsHA AR I W3S zdiely, 9% Wh3o| A&EH
HESoR st 7k Ao ¥y gelow g3t
(Wang et al, 2017). @3(inflammation)2 2J%-9] Zrdolyt =
2]9] &Afo 2 RE AAE Hostl 3EsH] Qe HREoE A|lE
o] &4 A, IARR Alx AA, oE 22 A 5 AAE Tl
5t7] 913t A-golct. thAlAlE(macrophage)= A% ¥Holl 8
ot A% ol AZE QFASC] HEES1e] tumor necrosis
factor-e(TNF-@), interleukin-6(IL-6), interleukin-18(IL-1
B) 59 AFSZA AlE7RI(pro-inflammatory cytokine)& £
H|5}aL, nitric oxide(NO)2} prostaglandin E(PGEy) 59 4%
7} B4 B4R ol &9l te "aMEES B8k,
5 A AASH, &g FAE AJH R Bl 28R}
g SRty SRTE AR AEHA EE
lipopolysaccharide(LPS) 51l 2Js THws}A L/dakd thaAx
+ AASA AIEZIRIY ASH7N E42] BHE SXlole] A5
8- AEA7]1 1L T BSoE WAAA o, tSSL, AE8T
A HEd, F4Y HE% 5 45 AgS /7 4 Slo
(Zong et al, 2012). BA7HA L2Hlo|QEAR FEET Q=
Lactobacillus®} Bifidobacterium 42 Awto] A5 2 3
L9 Vepdiths @2 A AaEo| ¥t Plaza-Diaz er
al, 2017; Wang et al., 2017). SFx|qt, Z2Hlo] Q EJAL] Alt

olo

o
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Ag L83 FASH 2 P AT - BEIE Holn, A 5
= q v

A HaAZox BEIT  JYx  Limosilactobacillus
fermentum dF2] A3 BA 2 ARFAE 83 A= TS

Slof o]o] tigt A7t FQsitt

2 Aol WA oA B2 AN 5 Ui, HEs4, &
Hapso] Q4231 229] 1. fermentum @55 AEsHL, o9
ZZHo| QEIA I ISl ESE, AEE AN g4
Sto] ARFAIE AlFshr, At} Hlwsto] ARlel 3 E4=
STo = IS 9 Y S A 7154 AAEAY TS
4 H7FelarA} shgit.

= R LH

il 22 A 39

S A<M opit A A O] HEAPoA 7 WA A FANF
< Eofoto] ARESIGIE. WA ARE EHE 0.85% salineol]
1:9w/v) HlE&Z #H7}St & stomacher(BagMixer 400W,
Interscience, Saint Nom, France)E ©]-835}o] ulafsl3ict. v}
st g9 1082 F45lo] De Man-Rogosa-Sharpe
agar(MRS, Difco™, MD, USA) ZAEjR|o] Eatal 37TolA
overnight Biste] @Y FEYE 2ot 22l 9 22
YZE Bromocresol Purple(BCP, Eilken chemical Co., Ltd.,
Tokyo, Japan) XAH|A|o] =Tsie] vlet & wghay Sho] A3/4]
H E2YE Ao vty MEsigint. A #59 16S
rRNA §AA H71MEL universal rRNA gene primer(27F}
1492R)E o]85to] ZE35191 11, BIOFACTAKDaejeon, Korea)
oA A7IME EAE of=loto] ST EA1H 16S rRNA &
714%¥ doJe= National Center for Biotechnology
Institute(NCBD2] BLAST Z& 13- 0]83}o] GenBank H|°]
Euo] A}t H|welt. 208 AMGE Y-8 ZEHo|QFE
A AR Lactobacillus rhamnosus GGKCTC 5033)=
AEAAIE (Daejeon, Korea)olld YN

M Y AR M=

AEet ARFFEE MRS HAERA](Difco, BD Biosciences, USA)
of HFstaL 37ColA 18AIKE Higsloltt. M-S HAEe
(12,000x g, 4T, 10 min)3 ¥ phosphate buffered saline
(PBS, Welgene, Korea) 8H(pH 7.4)2& A|Hslal 52X
(FDU-12000, EYELA, Korea)st3tt. 52AXH A4S PBS &
H(pH 7.4)S AR&SHo] oF 1x10° CFU/mLY] %%91 1 mg/mL
2 2Hoto] Adof ARESIGTh ARFAl AlRe Aot TLet B

al 5

=

19 2t

‘° ®

ME HHS

£ Aol ARgE AZEFQ HT-29 AZ(KCLB30038)2 RAW
264.7 AE(KCLB4007 )= T=AIZF-201A FAstoith <
7+ 2% 53 HT-29 AlZE= 1% penicillin-streptomycin 8-
(Cytiva, Marlborough, USA)°] 7% RPMI(Roswell Park
Memorial Institue 1640, Welgene, Korea) ¥ix]o] 10% fetal
bovine serum(FBS)E H7Foto] vidstdom™, dishol AlZ7t
90% O} kS A M2 disholl AdieiFsiact. vk~ &
| d&JA2E9] RAW 264.7 ME= 1% penicillin-streptomycin
solution(Cytiva, Marlborough, USA)e] $k8<l DMEM(Dulbecco's
modified Fagle’s medium, Welgene, Gyeongsan, Korea) HiA|
ol 10% FBSE #75tof vifstRen, 2¢ +7]= Az dishe]
AjuieFstgict. AE Hig 37T, 5% CO, 24 FAsh=
incubator(Thermo Fisher, Massachusetts, USA)°lA $=34=]

=42 Bae 5(2023)9] HHS 4%
SS9t FARFS MRS A oA wHek
(37T, overnight)dt 3 1x10° CFU/mL %9 =2 233519
o} YA B7KS 9slol pH 2.58 2A3 MRS HAHE||o]
0.3% pepsin(Sigma-Aldrich, MO, Wyoming, USA)S A7I5t
T ANF B57F oF 1x107 CFU/mL 0] HeE vjgdd
(1x10° CFU/mL)}& 1%(v/v) &3k 37ColA 3A17E ¥k831%
o}, 9ESHS MRS IAERR|] Zskal 37C oA viget & A=
&5 RIS WS4 B7H) 49, 0.3% oxgallDifco™,
MD, USA)e] A7k MRS HAEA]of viFHS 1%(v/v) 55t
37CollA 24A17F ¥FSA17] & MRS AR =E5lal 37T
A et oS AdeE &6 o] AAAE
ARgsto] Aottt

Z 0 O
BEe2

Survival rate(%)
={Viable cell(CFU/mL)/Initial cell(CFU/mL)}x 100

Lo 88d 24
4ROl 88492 Kim 5(2019)9] S Y7 $4ste] S4st
At 5% defibrinated sheep blood”7} 37Fd sheep blood

agar(Kisan Bio co., Seoul, Korea)& A|Z3t & Ao ARg3}
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Stk A fANRS MRS HAERRIO 1%(v/v) HEote] vid?
% Sheep blood agarol] 84 Esto] 37TolA 48417t vBiFst
Aot Hg = F2Y T30 7 Aol HslE Hlusto] &2
24 fFE IS p-&F50l ditt A HRde=®

Staphylococcus aureuss A&

%

)
3

P

ey

AR HESH =d

AUzt 2% [ BHEMHT-29)2F vhe-A f2f HAAZRAW
264.7)0l tigk f4tE AlE9] =4 B7H= MTT (methylthizol-
2-yl-2,5-diphenyl tetrazolium bromide) W< o|-&31ct
(Park and Lee, 2022). A Z= RPMI HiXE AHE5HloH, of
A= DMEM HIXE ARESISITE AlIZE 96 well platec]l
1x10° cell/well9] FE& HESH F 5% CO, HE2] Hj7]olA
37T, 24A17t HisRit). vk o = RE SRS AATH & vy
A 180 pLot FARE Al 20 pLE w5510 24417t vistaict.
B gdS PBS §HC= 39 AT T Wi 180 pLe MTTG
mg/mL) 20 pL& 718kl 4417t B9t HhSAIZ] & A5HE A
Aottt ®kSol oo AJHE  MTIT-formazan Y=
Dimethyl sulfoxide(DMSO, Daejung, Siheung, Korea)S %
7kslo] €3A171 & Microplate reader(SPECTRO star Nano,
BMG LABTECH, Germany)E ©l-&3to] 570 nmollAl F3=5
S5 Al BEE%) the AR o-&sto] Al
o, 2O F PBS 89S ARSI

Cell Viabﬂity(%) = (ODsample/ODcontrol) x 100

SARC| MME Hits -

AR B2E=0 Jungd} Kim(2015)9] HHHS dE $745H0] 1
si3itt. MRS HAERR]oA BiK37C, overnight)dt fANT
PBS €0 23] AlE3t & 1x10° CFU/mLE s&& 28%
HEtle Ao ARSI 6 well plate©] 10% FBS7F &71e
RPMI 8218 715kl HT-29 AIZEES 1x10° cell/well®] 5=
& = 5% CO, w9 Hig71olA 37T, 24A17F viFstSit.
HjF & 5 HZ AASH RPMI H1A] 1 mLo} FAkt A 1
mLE A7Fsto] 1417 vhE5t3ict. PBS 402 HT-29 AlZE
33| AHste] R k2 fAREE AASKIT ©olF 0.1%
Triton X-100 €%(Samchun, Seoul, Korea) 1 mLE &7|5}0]
Alzo]| F2HE fANFS dlgsith. 343t fARES MRS A4
Hjzjof HEstar viefste] BdE ST T o2 Al4kalel o
A RS (%)S ARSI

i
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0Pk - 0PI - HXIS - Q5f - X3 - 4 &

Adhesion(%) = (Viable cell count/Initial cell count)x 100

DPPH radical 2715 &4

DPPH radical 2752 Kim 5(2013)9] S 45 #HEsto]
459ct.  2,2-Diphenyl-1-picryhydrazyl(Sigma, Milano,
Italy)3} oflehe-S E9310] 0.4 mM DPPH A12HODs170m=1.2)&
AZ3E T Al A|E9)} 1112 F3lelo] QFAlo)|A] 30871 URSA]
A} HRSHS AAEE](12,000 xg, 4C, 5 min)gt T 3|53t
85N FFEE 517 nmolA S5, tha] ALHE Bl
DPPH &z 27450 AXLSIGth t2sC= PBS &9
A&t

DPPH radical scavenging activity(%)={1—ODsumple/ ODcontrol)}
x 100

ABTS radical 275 &£H

ABTS radical £7%6-2 Cheon 5(2020)9] W< 4+ #gs}
of 5t pH 7.42 249 0.2 M sodium phosphate
buffer €] 7 mM ABTS2} 5 mM potassium persulfate A]
Ok Eobolal QHalofA] 16A17E ¥Eg5to] ABTS SHtjzhe 44
71 & Z8,E 08319 734 nmollA &4=7) 0.70] HEE F
g5ttt ABTS Al2F 1.35 mLe} f4kt A& 150 pLE S3ts}
o] ¥3{37C, 10 min)Al7] & LAE](12,000 xg, 4T, 5 min)
Stof 34t AN FFEE 734 nmollA S o2
ALFAE B3l ABTS 2HZ &A%< Akt on], R
PBS &A= ARSI

ABTS radical scavenging activity(%)={1—~ODsample/ ODcontroD}
x 100

B—Carotene bleaching YXls =™

B-Carotene bleaching A5 242 Bibi 5(2020)9] ¥
UE ste] JgPstoiet. AUE=kAT linoleic acid(Sigma-
Aldrich, Saint Louis, USA) 66 uL, f-carotene 3 mg, tween
80(Sigma-Aldrich) 300 gL, chloroform 10 mLE 7}ste] &5+
3t 5 91179 5%71(SB-1200, EYELA, Bohemia, USA)E ©]&
3to] 40C 9] AF AElelA chloroforme SRAIF. o] & &7
$E 75 mLE 71519 B-carotene-linoleic acid A|2k& A &5}
3, AoF9] S ODironn=2.002 Z430] ARESIATE -FANE
A& 200 pL2} B-carotene-linoleic acid 89 4 mLE &35}
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o] 50T 9] 24204 2417 B SESAIZL T 470 nmolA &
BeE S0t oh29] Alsbale] et p-carotene bleaching
A6 AR, di2FOE PBS §HE AMEIIGTE

B-Carotene bleaching inhibitory activity(%)

=(ODsample 2h”~ODcontrol 24°/ODecontrol 0> ~ODecontrol 26%) X 100
D ODuample 2 © absorbance of sample for 2 h

2 ODcontrol 21 :
9 ODeontrol ob :

absorbance of after control for 2 h

absorbance of control for 0 h

TNF-a, IL-6, iNOS, COX-2 QT & =4
Quantitative real-time polymerase chain reaction

(gRT-PCR)Z ©]-85}9 TNF-e, IL-6, iNOS, COX-29] 3-AX}
9S54 tHCheon et al, 2020). RAW 264.7 AIZE 6
well plateo] 1x10° cell/well?] HE&2 FE35t T 5% CO, &
o] viFrIollA 37C, 24A1%F vt e s AAsSKL 7
well G 1 pg/mLo] LPS7} %71 DMEM HjZ9} §Akt Als
(1x10° CFU/mL)Z A7Fskal 24417t §ESAIF L ¥hg- % PBS
g0z ANt oS, AMEE Trizol(Life technologies,
carlsbad, california, USA)-&H-& ARE5}0] 3]4=519L}. RNeasy
mini kit(Qiagen, Hilden, Germany)& ©|&3} AEZZHH
total RNAE $Z3[1 NanoDrop(biochrom, Cambridge,
USAYE AHEslo] 55 =Folith. cDNA= cDNA  synthesis
kit(TAKARA, Shigaken, Japan)g& ©ol-8sfo] TAsIoH,

Table 1. Primer sequences used for quantitative real-time PCR

=

9 5% 57}

primere= FARAE(Seoul, Korea)ollAl TH/dsto] ARE-5FATE
(Table 1). StepOnePlus™ Real-time PCR  System(Thermo
Fisher, Massachusetts, USA)Z ©]-&3}o] PCRS Ag¥5}lgict.
PCR vr2oio 2 pL, cDNA 2 uL, SYBR

1= O T
green(Cosmogenetech, Seoul, Korea) 10 pL, - 55

"q0u.

primer
=55 6 ple
E3toto] ol 20 L7t HEE Sl PCRE 95TIA 152
(denaturation), 60COIA - 60&(annealing/extension) ¥F3-O.
2 403] vrEsto] Aottt Reference geneZ GAPDHE
ARgsIlon, ZF 849 threshold cycle(Ct) ZH& H|as}o]
delta-delta C{4ACYHOZE AXtelal AIE EAsIHLT

SAEM

HE ANE 33 wWiESio] 3Eglon, A Ave He
(mean)+ #FHASD)E  HA[SIA}. SAEASE Prism 9.3
(Graphpad software, San Diego, USA)S o]83lo] 49 EAF
EX(one-way ANOVA), ol EAF EX(two-way ANOVA),
Tukey's test® A5 t2a} vkl o, p<0.05 &
TOoE {3 wesielth

fibRel B2 R M8 dWFo| Y

WA A=E BCP ILAHIA|] Esto] vt &,

Gene" Sequences References
F : 5-CGTCAGCCGATTTGCTATCT-3'
TNF-
R : 5-CGGACTCCGCAAAGTCTAAG-3'
Lo F : 5-GTACTCCAGAAGACCAGAGG-3'
R : 5-TGCTGGTGACAACCACGGCC-3'
F : 5-CTGCAGCACTTGGATCAGGAACCTG-3'
iNOS You et al., 2022
R : 5-GGGAGTAGCCTGTGTGCACCTGGAA-3'
o F : 5-CCGTGGTGAATGTATGAGCA-3'
X-2
R : 5-CCTCGCTTCTGATCTGTCTT-3'
F : 5-TGCACCACCAACTGCTTA-3'
GAPDH

R : 5-GGATGCAGGGATGATGTT-3'

UTNF-@, tumor necrosis factor @; IL-6, interleukin-6; iNOS, inducible nitric oxide

glyceraldehyde-3-phosphate dehydrogenase.

synthase; COX-2, cyclooxygenase-2; and GAPDH,
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377k 2 70709 EEYUE Adste] Wi, WESA, A5Es,
AksE 24(DPPH, ABTS radical scavenging activity)& 57
51l ZRHPo] QEA EfJo] 7HE 943t 252 w5(SMFG8O0,
SMF709)& 3% Adstoirt. & AdH 239 o= I ¥
B]9] Gram YJHFLOZ catalase 2442 UE= o] SRIEA
t}. 16S rRNA sequencing -4& HlEO 2 NCBI databases
B d7IMEe e AR A 239 dE5=
Limosilactobacillus fermentum®} ZYZr 98.94%, 96.42%°] +=
2 53 Yebol Limosilactobacillus fermentum SMF680
T} Limosilactobacillus fermentum SMF709% HHoITt.

f"&

a3

%
((Oio

oo Uity 2 LEE

fAihto] ZEHP|QEARA F53 US| Ysliil= Ak
oAl AYEsto] A7IA] dsfof stER, M} TEH thgt A]
FALS zh5ofof St (Park er al, 2013). AEE GARFY] Ak
ZANA L. fermentum SMF680} L.
Z¥ZF 102.14%%} 103.46%°] &L
Uepfo], A8 IZ=2Hlo|eEA FRl lacticaseibacillus

0Pk - 0PI - HXIS - Q5f - X3 - 4 &

rhamnosus GG(LGG, 102.44%)°t AR 23g Hott 3352
FANE I 100% o13e] BE&S Uehfo], flAto] digt A
< 780 Qi Ao& FRIFILE Oxgalle] 0.3% 71 vix|ofA]
LGG, SMF680, SMF709 w39 &S &43 23, 47
103.15%, 100.82%, 100.74%%] BEE&S Hol 339 #45 5%
Al thet A3de] 2 A& YEth Seot Lee(2007)
= lactobacillus  acidophilus DDS-13+  Lactobacillus
acidophilus B-3208 @57} pH 2.52] AFdollA 50% ol/d2] A
&5 Yehidot Euskoit). Bae 5(2023)2 2HaA|EolA
Bl fAkto] 10°~10° log CFU/mL2] w04 E50l o
3o} 100.99%-104.03%2] AE&S B ou, 10* log CFU/mL
o[5te] FrolAl= YA eIt Barsigit). & o4
I}, AEE SMF680¥ SMF709 = Ak} H59el et =

AR fARAT ARTE BolOPIL HASs §BNL By
sl EAE k] St AAE AU Table 3).

Table 2. Acid and bile acid tolerance of lactic acid bacteria (LAB) strains

Acid tolerance
(pH 2.5, 0.3% pepsin)

Bile salt tolerance
(0.3% oxgall)

Strains
Intial (Log 3h (Log . 0 Intial (Log 24h (Log . 0
CFUImL) Cruml  oumal e o) oy crumy  Sunial rate (%)
L. rhamnosus GG 7.73+£0.02 7.92+0.01 102.44+0.24 7.75%0.02 7.99+0.01 103.1540.2
L. fermentum 7.73£0.01 7.9040.01 102.1440.15 7.74£0.03 7.80:£0.04 100.82+0.92
SMF680
L. fermentum 7.7420.02 8.010.03 103.46+0.55 7.680.03 7.74£0.07 100.74+0.55
SMF709
Data are presented as mean + standard deviation (n=3).
Table 3. Hemolytic activities of tested LAB strains
Strains
Contents | thamnosus GG L. fermentum L. fermentum
' SMF680 SMF709
@ A1) - -
Hemolysis ) - -
7 + + +

1)+, positive activity; -, negative activity.
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Jok= B9, 88 4o glo] TS AR Y o= widst
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912 FRlstgct

HME =4 =4

MTT assayg ol&ol] A¥H AL WE HT-29 A=E
9] WELS FA5IGItHFig. 1). HT-29 A|=ol| Z+ $ARFo]
A AFAIE 1 mg/mL(F 1x10° CFU/mL)Y] BE& g
St & HT-29 A2 BELS BAst 43}, & Ad 9 A
A Ao st 100% ool ABE&S YERfT wet
Al B Aol ARSSE AN AlRs AR dis] AE =
3 YERA] = Qbdeh o & wHch

QAKZO| EiElzi=

fARto] ¢t Aol AR Balst & Ao H&oto] f-83t aIE
W3el7] HallAle A AduAlze] 821 4= Q= 80| a+Hrt
(Lee er al, 2016). 17t 2% 92l HT-29 N|ZE olgslo] /4t

w9 RIS &4 i Fig 29k gth SMF680Y}
SMF7099] AAE F252 ZH2F 10.59%, 10.12%2 A2
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Fig. 1. Cytotoxicity of LAB strains on the viability of HT-29 cells.
LGG; Lacticaseibacillus  rhamnosus GG, SMF680;
Limosilactobacillus ~ fermentum  SMF680,  SMF709;
Limosilactobacillus ~ fermentum  SMF709. Data are
presented as meanzstandard deviation (n=3). *"Different
letters indicate significant difference (p<0.05).
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Fig. 2. Adhesion ability of LAB strains to HT-29 cells. LGG;
Lacticaseibacillus rhamnosus GG, SMF680; Limosi-
lactobacillus fermentum SMF680, SMF709; Limosi-
lactobacillus fermentum SMF709. Data are presented as
meanzstandard deviation (n=3). *’Different letters

indicate significant difference (p<0.05).

LGG(9.36%)2 Hlwsto] S48k A2 eIt Lee &
(20142 AAIN B9 L. plantarum SY11 459 L
plantarum SY12 w527 Z¥2F 7.2%%} 5.3%2] AH2s2 LE

UTFIL HAIRE v Q. ZHjo] QElAE A Hupy| o] Fts)
I =S @Akl mucin A £, WY 2, BYA oA,
B FH g4 5 8% A8S W AN er al,
2010; Monteagudo-Mera et al, 2019). & A+Az}, Ad=
SMFG680%F SMF709+= Wi, Wes4, BAZ Fakso] 95

of mguo]QElA A 2o HHrky Azt

0
1o

et g
A5} 8412 DPPH Bzt 47%, ABTS gtjz 47
5 % B-carotene bleaching AI5S =%slo] B7Iskich

DPPHE= Ha2po] of2- QFY3t free radical2 FAISH &40 9
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O.?l“ o_o'|-|
lo 0

(o]
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mﬁ

3 @M= YE)E o] 83K Park er al, 2018). SMFG80 Al
A(24.93%)= A30.02%)F v]wsto] feld o= Y2 DPPH

g 27458 BHAOH(p(0.05), SMF709 ARERI(29.91%)=
AHTH31.01%) FARE 2452 UERHSITHFig. 3A). A9 +
Q1 LGGe} Hlwsto], SMF6802F SMF7099] et} AtA] B5F
FIHoR w2 2A5E EAHK0.05). Jang 5(2018)&
Lactiplantibacillus plantarum Lnl 43} Lactiplantibacillus
plantarum KCTC 3108 A=) ZZr 24.16%2 21.13%9
DPPH &4 A4S, Hyun $(2024)2 Lactobacillus sakei
KU15041 AtA9E Lactobacillus curvatus KUlSOOS AREA
7+ 247} 15.29% 9} 18.84%2] DPPH 2HjZ 4758 UERfiolct
I B gk Hp Qlok
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Fig. 3. Effect of live and heat-killed cells of LAB strains on DPPH radical scavenging activity (A), ABTS radical scavenging activity

(B), and p-carotene bleaching inhibitory activity (C).

LGG; Lacticaseibacillus rhamnosus GG, SMF680; Limosilactobacillus

fermentum SMF680, SMF709; Limosilactobacillus fermentum SMF709. Data are presented as meantstandard deviation (n=3).
a-f Different letters indicate significant difference (p<0.05).
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f]lo= 83t Monteagudo et al, 2019). TNF-a2} [L-6=
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et al., 2014). NOE F& iNOS9| ZAzR8o] o5 Bg=o] &
o 4 " 2o FofskAeh, gt B4 COX-2 5
mi7iAe] e EXIskl AFZ AT COX-2+
arachidonic acid25 € £53} 9r9S Y o7]= E29l PGE9
MRS ok 542 A5 RREOlA F83 9IS it
(Kurumbail er al, 2001). et LPSQ] AF=of QJ5f thAIA| =
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Fig. 4. Cytotoxicity of live and heat-killed cells of LAB strains on
the viability of RAW 264.7 cells. LGG; Lacticaseibacillus
rhamnosus GG, SMF680; Limosilactobacillus fermentum
SMF680, SMF709; Limosilactobacillus fermentum SMF709.
Data are presented as meantstandard deviation (n=3).

**Different letters indicate significant difference (p<0.05).
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Fig. 5. Effect of live and heat-killed cells of LAB strains on gene expression of TNF-¢(A), IL-6 (B), INOS (C) and COX-2 (D) in

LPS-stimulated RAW 264.7 cells. +; LPS (1 pug/mL),

- without LPS. LGG; Lacticaseibacillus rhamnosus GG, SMF680;

Limosilactobacillus fermentum SMF680, SMF709; Limosilactobacillus fermentum SMF709. Data are presented as meantstandard
deviation (n=3). *°Different letters indicate significant difference (p<0.05).
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