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Antioxidant and Anti-Inflammatory Activities of Heat—Killed
Lactiplantibacillus plantarum l|solated from Kimchi

Cheong-Bin You, Eun-Su Lee, Min-Kyeong Lee, Ga-Young Lee
and Hoon Park’

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

Abstract

The aim of this study was to evaluate the probiotic properties of lactic acid bacteria
(LAB) isolated from kimchi and antioxidant and anti-inflammatory activities of
heat-killed LAB strains. Regarding probiotic properties, Lactiplantibacillus plantarum
SMF398 and L. plantarum SMF470 isolated from kimchi can survive under artificial
gastric condition and adhere strongly to HT-29 cells. The SMF398 and SMF470
strains showed strong antimicrobial activity and co-aggregation against pathogenic
bacteria. The heat-killed cells of LAB (1 mg/mL) were prepared by heating at 121T
for 15 min. MTT assay revealed that the heat-killed cells (1 mg/mL) of SMF398 and
SMF470 were not toxic to HT-29 cells. The heat-killed SMF398 and SMF470 showed
significantly higher DPPH and ABTS radical scavenging activities as well as g-
carotene bleaching inhibitory activity than the heat-killed Z. p/antarum ATCC14917,
a control probiotic strain (p<0.05). In lipopolysaccharide-induced RAW264.7 cells,
the heat-killed SMF398 and SMF470 significantly reduced the nitric oxide production
by 30.92% and 22.81%, respectively (p<0.05). Furthermore, the heat-killed SMF398
and SMF470 significantly decreased the gene expression levels of tumor necrosis
factor-a, interleukin-6, inducible nitric oxide synthase, cyclooxygenase-2 up to
58.02%, 67.70%, 53.44%, 45.90%, respectively (p<0.05). These results suggest that the
heat-killed . plantarum SMF398 and L. plantarum SMF470 might be useful as
antioxidant and anti-inflammatory agents.
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n2ubo] @ ¥ A(probiotics)= 59 A7l Eag F= Aol
= SR, 7|24 08 fofidt A, R 54 2 HjHE S
Lo 5, 459 S uet "aivks 24, o A 4%
A, AR 24, SHAEE A, S543A 715 T 5 o
et A4S YAt Choi, 2019; Moon, 2019). Z&H}o]
QEIAZ [actobacillus 4, Bifidobacterium <, Enterococcus
4 59 0] EH O o] &5 tf. LEHO|QEA
2 o] g=]7] fsiAl= vl dola EdRo] fioly 8850]
lojof st A gt Wido] gl= 5 FdAdol S E|ojof
SHHChu and Kook, 2019). E3H Q1710 oA A&
U357 Hsirle it 9 @5l tigt o] =olof 51, &
ZgA| 2o F2Fo] ZFsfof si, MU RS JAL 4 A
= O 54 52 AB48oF gt Almudena er al, 2014). AlA
Hog mEHlo| QEA Aol FAR sk gloLt, Ao ARl
et @Fgo® M wH|, EE, ERANE HE, ofi Su 9
FEg7|9 22 FARE A7 AGH R FrlskL QL $52

A2 5 1AToA i85 FE8F0] EEAHKIm er
al,, 2020a). o|2f3t o|f=E BHEr} Qs BtA| ARgol of
2 Arrd A = 71AAS ERoA qAAR AR 7Fs St
T ZHlo| QEIA0] AREA|(EtEEHI0] QEIA paraprobiotics)2t
HAMEE(ZAEHPIREA, postbiotics) H77F A AlAH R
TS T Qiok

mjetx 28jo] Q €| A(paraprobiotics)= B84 Fi= 315H4] 1Y
of ofsf B[EIstE 7154 PIEY ARAIE TRtk AREAlE
Ato] Hlste] Qb d(safety)T} QF38(stability)e] wom, HA
A7HEEN AE, Al 3E 5 TS ool A48T & Sle
o] itk fAkE AREA Az o R A, Ao, 19,
z21k 1A A A7 pulsed electric field), 2712 71&
(ohmic heating process) 5°] I7ERoH, 11 oA A
WS F7go] T<estal vgEe] g Eato] 7heoh kA
g] 270 wet AlEeo] mhy] g 24T 4= = Aol o
7P RHA 0 F o] &% 7 QltiBarros et al, 2021; Ou et al,
2011: Piqué er al, 2019). 22| A0 ofshd ZzHlo] QEA
9] AAJ2] TAA peptidoglycans, nucleic acid, lipoteichoic
acid, exopolysaccharides(EPS), cell wall protein 5 TH3Rt A
&4 80| FAZEE &EE0] A 2, 4 A A
+4F WA, SAHE A, WY 2, XY Y T Al
e A Yehdtka B =9t Aker er al, 2020; Nataraj
et al., 2020; Piqué et al, 2019). Lactobacillus < TdFolA

#2% peptidoglycan©] Yeiu WAz Age Hgow
(Shida er al, 2009), EPSi= @el Higt Q4o &l ik}, &
o, Hxd 28 5 Tt 52 Uit B st Lee
et al,, 2015; Son and Kang, 2021; Yang and Kim, 2001).
Lactobacillus paracasei D3-52] @A|2] AtA|7} thARS- S|
e 1159 FolA AU A5 F3felal 55 AT

S~

=l
it 71, A A, G5 At ZRo] Bojohs ZoE Haly
QcKWang et al, 2019).

QUAIS] Abas AvH] IPYolA E7jolA] Aok 2734k (reactive
oxygen species; ROS)0] A15F&Q1 AEH A0 O]g] A|ujof] 3=
oA A=A A9 g A& T, A%, DNA 5= BI7}
AdHog Eiota] AFS Rk, o FEHE, TEY, AT
Azl HEF, g=sfo S T2 4% AHE 4o & ot
(Alberto et al, 2012; Reddy er al, 2009). 2 Lactipantibacillus
plantarum BAZ] AFA7} Bt vl wsto] 22 kel
HHOm(Song et al, 2019), Enterococcus faecalis NAE
A71et dafolld g 240 5k AEHoR ST B
=YK Choi et al, 2018). A7IA] ZZHo]QEIAZ o]&-5]
Y Lactobacillus®} Bifidobacterium 52 AJwo] Akl & &
A 3 Uehdliths to] A 20| BRI Jang er
al, 2018, Kim er al, 2020b), f4ht ARHAIE E-83t U9
gy At =t Hlwste] v BERT Argolot. whEkA
AA, A7 5 ASLFARNA B2 AN SAE AAIE
ggoto] FHAS gy A7t Zasith

2 AN E HAREE B9 f4 5 Uik, WiESAd, 3
T 9 GR2E0] 3 259 o FE Akl ZEHo|Q
YA 24Z ottt T3t AEAFE GAeoto] AEAS] 3
ARl 443 31 A4S E5gsto = SRR Ao 5 &
UE= 24 AHEE diel] 913t 7158 ARHAl i) 7124k
5= &golarAt st

Q)
Kok
=
L

= 2 EE

ez

2 Aol ARE A= ARt obite] ZEA oA Stufiste]
ARESIGITE RO & ARGH TRHPO|QEA RANISRI Lacti-
platibacillus plantarum ATCC14917(KCTC3108)% =94
AR Escherichia coli KCTC1039% ABEAILAIE (Daejeon,
Korea)olA, Staphylococcus aureus KCCM11335% =AY
EHZAE(Seoul, Korea)ollA] £kt Q1T 274 R HT-29
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AIZ(KCLB30038)2t HF-A -2 TAIAIEZQ] RAW264.7 Al
(KCLB40071)= Al 2223)(Seoul, Korea)oll A 2FREQkTY.
DPPH(1,1-diphenyl1-2-picrylhydrazyl), ABTS(2,2'-azino-bis
3-ethylbenzothiazoline-6-sulphonic acid), MTT(3-(4,5-dimethyl
thiazol-2-y1)-2,5-diphenyl tetrazolium bromide), LPS(lipo-
polysaccharide), pepsin, oxgall, sulfanilamide, phosphoric
acid, naphthylethylene diamine dihydrochloride <] A]2F
L Sigma-Aldrich Co.(Saint Louis, USA)oIA F+U53ict.

il 22 ¥ &8

AAANES i Al 1:9w/y) HIEE 34T &
Stomacher(BagMixer 400W, Interscience, Saint Nom,
France)& AH&5e] 5EXt miaffsloict. mhafl 8e Ao =
3]43t 3 DeMan Rogosa Sharpe(MRS, Difco™, MD, USA)
AEjRo] =6kl 37C oA overnight HiYSHIH. ¥l & 2
717} & 2 Z2YE BCP IA|A|(Eiken chemical Co., Ltd.,
Tokyo, Japan)oll 3&ste] BiFet & ZAl BP0 Qlof gty
S ey S2YE o2 7t AEsigich |l
(AE31 Trinocular, Microscope World, Carlsbad, USA)S o]
8slo] AdE fANF] FHEH EAS WGk, Gram M
37} catalase 273 sttt ABH FARFT2] 16S rRNA
7148 4L BIOFACTAKDaejeon, Korea)s &5}o] AdYs)
At 44 SZ2 universal rRNA gene primer(27F and
1492R)E o831 A71952 B5t] PCR 429 5 o7&
RIS 16S rRNA 971494 &4 Z3k= National Center
for Biotechnology Institute(NCBI)9] BLAST online program
S 0]83}9 Genbank database®} B| w5t A GARES
MRS HAERA]] ¥Rt & 30%(v/v) glycerol stockC& -80T
9] deep freezer(NF-140SF, Nihon Freezer Co., LTD., Tokyo,
Japan)ol] Hasto] ARESIITh

ME HH

HT-29 A|E= Roswell Park Memorial Institue 1640(RPMI,
Welgene, Korea)oll 10% Fetal Bovine Serum(FBS, GW
Vitek, Seoul, Korea)¥} 1% penicillin-streptomycin solution
(Cytiva, Marlborough, USA)}Z 7Fsto] viekatitt. RAW264.7
A2= Dulbecco’s modified Eagle's medium(DMEM, Welgene,
Gyeongsan, Korea)°ll 10% FBS2} 1% penicillin-streptomycin
solution< 7tsto] vt &+ A== 37T}t 5% COE
AA5M= incubator(Thermo Fisher, Massachusetts, USA)O]l
A Hgslct.
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B YA W WHESAIL Lertcanawanichakul $(2015)
9] WhHE A Hgsto] S7gotlth. MRS HAEH|of ¥iK37T,
overnight)gt SANFS 9F 1x10° CFU/mL 43082 245}
Aol AREsIIT:. WAMY B7k= 0.3% pepsin®] H7FE MRS
BAERI(pH 2.5)0f FAkE iFAS oF 1x 10" CFU/mL $50]
HEE 1%(v/v) FEste] 3A17E §EgA17]aL, MRS IAEjA]] =
I3t & S S7g0t0] &S ERlsoinh WesA B7k=
0.3% oxgall(Difco™, MD, USA)S 7}t MRS BAERR o &
Al BjFS 1x 107 CFU/mL $30] HEE 1%(v/v) HEsto]
24A17F §EGA171aL, MRS AEfA O] U3t & BotaE S50}
of Y& Ikt

Survival rate(%) = (Viable cell/Initial cell)x 100

FAEO] FHEAL paper disc o2 EATIIHKIm et af,
1999). MRS HAER|o]A] 37T, overnight i3t SARAS A
A1E2(12,000 xg, 4C, 10 min, CT15RE, Hitachi Chemical
Co., Ltd., Tokyo, Japan)st] H#AIS AAS & 0.45 xm syringe
filter2 ¥}t F5HS Ao ARESIGIT. B AR
tryptic soy broth(TSB, Difco™, MD, USA)°IlA] 37C, overnight
iRt & 0.85% saline®Z 1x10° CFU/mL $&714] 845t
thS HHE HE-S 0|83} nutrient agar(NA. Difco™, MD,
USA)oll =stoict. B AAH57t =0 BiEiAlo] 8 mm
21739 paper discE <251 AN A5HS 100 LX) HESH
F 37ColA overnight Bl F4kte] FFL/dE paper
disc FHo] FH S AR 27|E F7gsto] BrIskA.

A HAM Mze| co-aggregation £

BAES] WY AAlHo] ISt co-aggregatione Tareb S
(2013)9] WS LR FHoto] 2Pt MRS HAEHA]of|A]
HiCK37T, overnight)St -SAkET} TSBolA BiRH37T, overnight)
St HAA RAAHE coli KCTC1039, S aureus KCCM11335)
< PBS &%H(pH 7.2) 2.2 2/ AlHsto] #AIE 2%t & ODeno
= 0308 243 NS ARESIGIh ikt A (ODgoo =
0.3)% AAAlTF @EH(ODgoo = 0.3)Z ZF 2 mLA Egotal,
37TColA 24A17F HFEAIZ] BZ 600nmolA SBEE 5%
T 039 Ao met f4AREY] co-aggregations A
.

=

ol
-
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OD et
»+0D
2
D ODyme © Optical density of mixture after 24 h

2 ODysp : Initial optical density of LAB

3 ODpathogenes © Initial optical density of pathogenes

Co—aggregation(%) =|1— oD % 100
LAB pathogenes:”

[AEC| MM Bits 3

FARFS] HT-29 Alazo] gt & 25~ Shin 5(2015)2] #d
S Y4B 7g5to] Agslgict. MRS HAERR|)A 37T, overnight
ikt fARES PBS S9(pH 7.2) 02 F ¥ Algt & 1x10°
CFU/mLE &g 243 FEHS ARESITE 6-well plate
(SPL Life Sciences Co., Ltd, Pocheon, Korea)o] HT-29 A=
2 1x10° cell/well $502 HE311, 2447t WiH37C, 5%
COyottt. wiY & A5He AlAstL HT-29 A2 RPMI
1 mLe}t fANF @ 1 mLE 7okl 1417 &<t Bh3staitt.
HS & A5dS AATH th3 PBS €H(pH 7.2)& Aot Al
£ 33 Al&sta, 200 pLY 0.1% Triton X-100(SAMCHUN,
Seoul, Korea)s A2lolo] A|zo] FH2le 2 33 & MRS
TAERA et Biag SR AR RERE(%)
< oo AR wEbA ARESHRIT

Cell adhesion(%) = (Viable cell count”/Initial cell count?)x100
D Viable cell count : Number of adhesion cell count

? TInitial cell count : Number of initial cell count

EX2| Akt HE W

GAEY] At 2= Cheon $4(2020)2] ¥ U5 4743510
skt MRS HAEHR]of| 37C, overnight HiSE 34kt Hl
Fole FAAZ(FDU-12000, EYELA, Korea)dt & 1 mg/mL
(%F 1x10° CFU/mL)9] &2 PBS €9(pH 7.2)°] dEsli,
121CollA 1582t 1 dtste] o] o853l

ARH2] ME=H =H

A2 AREA] MEZA 7k HT-29 A|ZE o]gste] MTT
"ol o8 51t Chuah er a/, 2019). HT-29 AlZ&
96-well plateo] 1x10° cell/well $F0& HZ3 T 37T, 5%
CONA 24A17t BigFatairt. i & A2 AAskL RPMI
HiZ] 180 Lot GARF AREA| 20 p1 S A7IsHe] 24417F w5t
Aot AedS AAsKL PBS §HOE wello] Holol= #FAE
A H3E 5 RPMI A 180 £L&F MTT A19K5 mg/mL) 20 uL=

N
& z
-4

AA7Fskal 447 BESSISIE. A5 AARE ¥ 100 419 dimethyl
sulfoxide(DMSO, DAEJUNG, Siheung, Korea)Z 715}o] A=
formazan AHEE 851A171 TS microplate reader(Biochrom,
Cambridge, USA)E 0|83}t 570 nmollA 35S 24},
Th0] ARAlo] webaA A FEE(%)S AL SAES
PBS 8%(pH 7.2} AFE3I).

Cytotoxicity of heat-killed cell(%) = (ODsumple”/ODeontra®) X 100
Y ODsample © Optical density of sample
2 ODeontrol © Optical density of control

DPPH 2iC|Z AHS £X

DPPH 2}z 2752 Wang 5(2016)9] W Y5 575t
243199t A& 2 mLE ODs;7=1.22 243 0.4 mM DPPH
| 2 mLe} S3otal A29] QHAlolA] 3087 BESSFITE. ¥hS
B AAEF(12,000 xg, 4C, 10 min)dt] ASHS 3435t &
517 nmolA SFEE SAot, tha2] Atalol wiebi DPPH
gz 2A%5(%)S ARSI TAIES PBS £9(pH 7.2 A
o3lth

DPPH radical scavenging activity(%) =
{1-(ODsample”/ODconro™)} X 100

b ODsample - Optical density of sample
2 ODeonwrol - Optical density of control

ABTS 2iC|Z AHs 58

ABTS &)z 2752 Roberta 5(1999)2] W& U+ 475t
o] Z24319tt. 0.2 M sodium phosphate buffer(pH 7.4) &4
o 7 mM ABTS®} 5 mM potassium persulfateE 238511 16
A7 59T Aol A A wkgsto] ABTS' 2tz A3/geh oha
TFTE 018519 OD734nm=0.7°] HEF FFAE A5t
ABTS" 2HZ 89 1.35 mLet A& 150 pLE )31l 37T
A 1082 932171 3 YAEE](12,000 xg, 4C, 10 min)sto]
A5 I55ieinh et ASHY FHEE 734 nmolA &
Zotal oo AlsbAlof wkA] ABTS &)z 2A5(%) Alktst
k. AR PBS &(pH 7.2y ARESHITH

ABTS radical scavenging activity(%) =
{1~(ODsammple”/ODconro ™)} X 100

Y ODsumple © Optical density of sample
2 ODeonwrol - Optical density of control
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B-Carotene bleaching assay

B-Carotene bleaching assay+= Ahmed 5(2019)9] #'H& &
B WHygsie] A5t Linoleic acid(Sigma-Aldrich, Saint
Louis, USA) 66 gL, B-carotene 3 mg, Tween 80(Sigma-
Aldrich) 300 wplE ZEtaIo] A7 & chloroform
(DAEJUNG, Korea) 10 mLE F7Foto] sttt dd7ets
%7](SB-1200, EYELA, Bohemia, USA)E ©|-&3}] 40TolA]
chloroform& SAIF1 & S5 75 mLE 71519 f-carotene-
linoleic acid A|9FS FAISH TF2 A|2F9] BEE ODyy=2.02%
ZAs}o] Adlof ARSSIITE A& 200 1L f-carotene-linoleic
acid €9 4 mLE &s1al, 5009 F24%(C-10B, Chang
Shin Co., Seoul, Korea)ollA] 2417t ¥FG-A1Z1 3 470 nmojlA|
FREE S5tk o9 Akl wEbA B-carotene
bleaching AAls(%) AXteIAoH, FAE PBS £(pH
7.2 AESElTh

B-Carotene bleaching inhibitory activity(%)=

(ODsammple 20” = ODeontrol 2+” / ODeontrol 0h = ODcontrol 26)% 100
Y ODsample 21 © Optical density of sample after 2 h

2 ODeontrol 21 : Optical density of control after 2 h

3 ODeontrol 0n : Initial optical density of control

Nitric oxide 44 %Nis =4

AREAIS] NO 84 945 5782 Sondt Kang(2021)9] Hol
w2t RAW264.7 A5 ol-&sto] Aottt A58 LPS
of 93 GEEAth RAW264.7 AIZE 96-well plateo]
1x10°/well 208 HZ3l0] 2447t HlYRt 5 AFSHL A|A
Skl 1 pg/mLe] LPS7F 71 DMEM HiZ] 180 pLot Akt
ARHA 20 pwLE Zd7Fote] 24417t viFalolt. B = Al A5
H 100 pLe} griess A9k 100 pLE EokaL 1587t BREAIZI
h 540 nmollA SFEE SA5kL the ALl mbA NO
R A%y AALSEALE. SAIEL PBS €(pH 7.2 Ak&

st

Inhibition of NO production(%) =
{1-(ODsample”/ODconro™)} 100

Y ODgample © Optical density of sample
? ODeontrol - Optical density of control

HSY RUA HH ANis &Y
IS4 A% BEEL quantitative reverse transcription
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Q- 0j24 - 0fPIZ - 0DKY - o &

PCR(qRT-PCR) ®'H& ol8sto] ZHoIAtHCheon er al,
2020). RAW264.7 JIEZE 6-well plateo] 1x10° cell/well 4
£08 Aok 2447t vzt & A5AES AASHAY. 2 well
o]l LPS(1 pg/mL)7F 271 DMEM Bix|9} 4kt ARFAI(1 x 10°
CFU/mL)E Z7Fskal 1241%F ¥Egstgict. whg = PBS 8(pH
7228 F ¥ AJH3 & AEE 3]4510] PCR &40l ARSI
™. RNeasy mini kit(Qiagen, Hilden, Germany)S ©J-85}c]
total RNAES &3l NanoDrop(biochrom, Cambridge,
USA)OE Fs gslct cDNAE 2 1g® RNAS F30=
cDNA synthesis kit(TAKARA, Shigaken, Japan)E ©]-&3}9
35T cDNA 437 PCR2 StepOnePlus™ Real-Time
PCR System(Thermo Fisher, Massachusetts, USA)& ©]-83]
0™ SYBR green 10 gL, primer 2 pL, cDNA 2 pL, $55
6 plE Tt F 20 pL9 §F2= PCRE Aot PCR
2 95C9A4 15%(denaturation), 60CA 60Z%(annealing/
extension) ¥Fg-OZ 403] WRESITE Reference gene
GAPDHE ARE5H0oH delta-delta C(4A4C)HOE A4t
235 E4ot9itt. PCROJ A3 primers FARZIE|(Seoul,
Korea)ollA a5t 2™ Table 13} ZtHSeo er al, 2018; Yu
et al, 2019).

RE A2 39 B s aPEAA A s Fa(mean)+
EFUIAT. AR frold2 prism 9.3

Table 1. Primer sequences used for quantitative reverse transcription
PCR

Gene" Sequences
TNF- F : 5-CGTCAGCCGATTTGCTATCT-3'
@ R : 5-CGGACTCCGCAAAGTCTAAG-3'
L6 F : 5-GTACTCCAGAAGACCAGAGG-3
R : 5-TGCTGGTGACAACCACGGCC-3
iNOS F : 5-CTGCAGCACTTGGATCAGGAACCTG-3'
R : 5-GGGAGTAGCCTGTGTGCACCTGGAA-3'
COX-2 F : 5-CCGTGGTGAATGTATGAGCA-3'
R : 5-CCTCGCTTCTGATCTGTCTT-3'
GAPDH F : 5-TGCACCACCAACTGCTTA-3'
R : 5-GGATGCAGGGATGATGTT-3'

DTNF-@, tumor necrosis factor «; IL-6, interleukin-6; iNOS, inducible
nitric oxide synthase; COX-2, cyclooxygenase-2; and GAPDH,
glyceraldehyde-3-phosphate dehydrogenase.
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(Graphpad software, San Diego, USA)S AR85}9 one-way
ANOVAR 4519t} 23t vl st o, p<0.05 22
2 oS wdsielth

o =
27 ¥ 1%
fibrel 22 H M8 #Fo FF

S~

|55 BCP 1A Ao HEsto] oot & wahi 2 3
24 F #A9 Aol wlEa 27)7F 2 20052 FEY
S8t fANFO R 7okl 13} Adstltt. A

o fog ik, Weasd, TeA 2 A
(DPPH, ABTS 22 &75)0] 93t 1589 55 24+ A8
stolom, 11 FollA ARFAIL] AR &40l 7HE St 239
#F(SMF398, SMF470)E & Agslalct. AdE 239 4=
Gram 9/39] 7tolH catalase B4 UEIA] Y= Z0&
A=At 16S rRNA 5384 H714ES B2 NCBI database
oA AEdS ERIst A}, AEH 259 ¥ W5 Lactiplanti-
bacillus plantarum® 99% o9 &2 AsAS Uehfol
Lactiplantibacillus plantarum SMF398%} Lactiplantibacillus
plantarum SMF470°2 5Tt

ox oY
ol
ik

[¢]

-

i
P
N

)
el
o
o oX
o,

A Litd 3 LIEEY
fAkfo] IEHlo|QEIA FEA AUolA F-83F AF2H a3}
£ YE7] SJelide golxe] Astlat gARE =221 pH 3.0
o[sl9] 4 2 FF5AY FEolA #A7E BESH] A7HA|
Toflof SHHSim et al, 1995). A8E 4] WAMSY Wie
54 743t A3k= Table 29+ 2t} pH 2.59] 5-hoflA
SMF398%} SMF4709] A& 717} 100.2%2 98.54%= 4
4 TZHP|QEA (AN Lactipantibacillus plantarum
ATCC14917(100.21%)% fARE BE8S UEiA. 0.3%

G
\\'sz" .

oxgallo] 3Hf¥ 1Eo] T gl SMF398¥} SMF470
FO] YEEZ 77 110.1%2F 99.7%= ATCC14917(100.40%)
I =AU FARE AEES YR Lim 5{(2019)2 A% A
20| A B2t Lacticaseibacillus paracasei KC26 @457} pH
3.09] 34ollA 92.3% AAE319, 0.3%2] oxgallE 715t 84
ol 91.2% &S YERASITH Y B 15t wabA] B Ao
A A3 259] GANFS A 2AT G5 22 AFAS U
Effjo] ZEHlo|QElA A ZA0] Belsitty & 4 Qch

41

QALRO| HT-29 MZOf| LHSH HtZks

SAkto] AUjeflA A& o7 -85t aIkE W35l fsihs
7 Ajazo] digt 82+ 5ol a4 HHJeong et al, 2021). U7k
2% 73 HT-29 Al2o] gt fAkFe] 4 F2ks2 Fig. 13 2

100-
= 80-
c
S 60
0
Q
<
T 40 .
3 b
S 204 .
L e 7 0

ATCC14917 SMF398 SMF470

Fig. 1. Adhesion ability of LAB strains to human intestinal
epithelial cells (HT-29). Each value represents meantstandard
deviation of three independent experiments. *° Different letters
indicate significant difference (p<0.05). ATCC14917; L. plantarum
ATCC14917, SMF398; L. plantarum SMF398, SMF470; L. plantarum
SMF470

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 3h Survival Intial 24 h Survival
(Log CFU/mL)  (Log CFU/mL) rate (%) (Log CFU/mL) (Log CFU/mL) rate (%)
L. plantarum ATCC14917 7.59£0.04 7.60£0.03 100.21+0.91 7.43+0.06 7.46+0.09 100.40+1.14
L. plantarum SMF398 7.7840.02 7.7910.01 100.20+0.40 7.44+0.07 8.18+0.01 110.10+0.84
L. plantarum SMF470 7.84+0.02 7.7340.03 98.54+0.55 7.44+0.04 6.62+0.06 99.70+0.67

Each value represents meantstandard deviation of three independent experiments.
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o} SMF3983 SMF470 o2 HT-29 A= tigt F2s-2 2+
7} 17.81%%F 20.71%= ATCC14917(8.20%)2} vl sto] 7-914
OF =0 & BALO HYPTHp<0.05). TAARE G2 TgHlo|Q
YA #5291 L. plantarum In19) HT-29 A|lZof| gt 7 22
2.69%(Jang et al, 2018), L. plantarum BSM-2%} L. plantarum
EHJ-19] HT-29 M|z it & #2222 4.01%, 4.62%%
H315 v} 9Jo(Jung and Kim, 2015), £ 7ol AdE SMF398
¥} SMF4709] 4 F&Fg2 f<oital & 4= Qlth. Probiotic
At 7 AR B vl Falsto] ek /st
mucin®] FS FHA7H, G FiVdS Aar7le 282 e
X B nBEY F2 9 79 249 FHE JAR L &
&K Saulnier er al, 2009).

Abto| sk U co-aggregation S
AlE fabte] U AANEO] dist G E co-
S 24%t A= Table 33 2t} E coli
KCTC10390]| thet 24 578 A}, SMF398% SMF470-
ATCC14917(12 mm)=+ F-ARE 11 mm2] Aaighe 345kt
S aureus KCCM11335°] tfste] ATCC149172 5 mm,
SMF470+= 7.67 mme] Aaighe ®Ql W, SMF398<2 12 mm
9] 7Fg B2 Asjghe AU fAES dARIER Ak
OLIEAL 59 R714L, dHH|E| oAl diISleA 5o PHEES
Agsto] BRG] AS-S ARttt YA UK Yuk er al
2019).
SMF3981} SMF4702 E coli KCTC10399F S aureus

Table 3. Antimicrobial activity and co-aggregation of LAB strains
to E. coli and S. aureus

Indicator strains L. plantarum L. plantarum L. plantarum

ATCC14917  SMF398 SMF470
Inhibition K(ffci()()lgg 12.00£0.00° 11.00+0.00° 11.00+0.00°
zone
(mm) S. aureus . . .
KCCM11335 5.00£0.00* 12.00£0.00° 7.67+0.58
E. coli 30.40+0.52° 49.02+0.51° 44.85+0 29b
Co-  kcTetoz9 2 020, 850,
aggregation
(%) S. aureus . X i
KCCM11335 33.22+0.38% 48.05+£1.06° 50.45+0.16

Each value represents meanzstandard deviation of three independent
experiments.

#°Values with different superscript letters in the same row are
significantly different (p<0.05).
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KCCM113359] tfst] =2 co-aggregation 58 HYEt=
ZAog It SMF398}F SMF470% Z. colll tate] Z¥zh
49.02%%; 44.85%, S aureus KCCM11335°| tst] 22z
48.05%%} 50.45%9] co-aggregation 53 H3oH F 4
L5 ATCC14917(30.4%, 33.22%)%} vlwste] fo4og =2
A5-378E YeRATHp<0.05). Kang 5(2017)2 Ha4lE]
A B8t Lacticaseibacillus paracasei MG310°] E. coli
KCCM413000] thsto] 11 mm2] BLA158he Uehicta B
15193, Tareb $(2013)2 Lacticaseibacillus rhamnosus
CNCM-1-3698%+ Companilactobacillus farciminis CNCM-
[-36997} £, coli K88° tiafl i 38.2%2] co-aggregation &
g YERita BE1gt vh Qltk webi 2 AolA AdE
SMF398%} SMF470 w5 H¥wtol tiet =24 2 283
go| 243t Z 0" woEr

)

fAE AR MESY

MTT assay= AolQlE= Al3zo] MTT tetrazolium A2 25}
H AZ9] mitochondria reductase®] 2J8] tetrazolium”} 2
%o} HAHe] MTT formazan 278 A43ok= Yelo|tHLiu et
al, 1997). MIT assays °l&st QI7t 24 2 HT-29 A=
off Z fAkte] @A ARFAIE 1 mg/mL(eF 1x10° CFU/mL)
9] T = A3t & HT-29 NZ9] F2&S B7Ieh 47, HE
AREA] Aol thste] 100% oVde] BE&2 BitkFig. 2). whet
A & Aol A AlEo] tiste] AlEs/dE UehiAl %= 1

120+
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=]
(=]
1
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T
ATCC14917 SMF398 SMF470

Fig. 2. Effect of heat-kiled LAB on the viability of HT-29 cells.
Heat-killed cells (1 mg/mL) of LAB were prepared by heating at
121°C for 15 min. Each value represents meanztstandard
deviation of three independent experiments. ATCC14917; L.
plantarum ATCC14917, SMF398; L. plantarum SMF398, SMF470;
L. plantarum SMF470.



2R Q2 Lactiplantibacillus plantarum MERQ| StAtet U 31 St

mg/mL &&= BA2| AAIE ol-sto] FAtst
B7rotoiT.

e

9 24

m |
fjo

[itd AdHQ| st &

FANE A9 FALsE &4 DPPH 2ojd 4275, ABTS &H
Z 271% 9 B-carotene bleaching JAl'sS =7g5to] Bt
%cH(Fig. 3). DPPH 2HtjZa} ABTS iz Hlwa] Pt 24

100
804
60
40

204

ATCC14917 SMF398 SMF470

DPPH radical scavenging activity (%)

(A)
=
2 -
£ 100
©
© 80_
(=]
£
o 60_
§ c
S 404 b
o a
8 201
kel
[
[ 0- T
5 ATCC14917 SMF398  SMF470
<
(B)
100
28 ol
52
g >
2 = GD_
28 b b
g2
55 40
b~
£ 2
SE 20
- E
n_

1
ATCC14917 SMF308
©)

Fig. 3. Effect of heat-kiled LAB on DPPH radical scavenging
activity (A), ABTS radical scavenging activity (B), and A3-carotene
bleaching inhibitory activity (C). Heat-killed cells (1 mg/mL) of LAB
were prepared by heating at 121°C for 15 min. Each value
represents meantstandard deviation of three independent
experiments. *° Different letters indicate significant difference
(p<0.05). ATCC14917; L. plantarum ATCC14917, SMF398; L.
plantarum SMF398, SMF470; L. plantarum SMF470.

SMF470

gz 2, DPPH 22 2453 ABTS 2Htjd &7450] =tHd
AZS SAAZIAY DA B4R B4do] == A
< 9m|3tKLee and Kang, 2020). SMF398%} SMF470 AREA|2)
DPPH 2tz 4746 217+ 19.25%% 21.88%& ATCC14917
ARFAI(17.8%)E 0t FolH 02 =2 AAsS UERAITHp<0.05).
ABTS &tz 4759 Afol= SMF398 ARtAl= 46.16%,
SMF470 AREAIE 36.28%% ATCC14917 AREAI(24.82%) Tt
B0 R =2 4AA5S BHAHp<0.05). B-Carotene bleaching
assay ghEglito] AlotE|o] A7) AE 2hZo] JAAIR] 8-
carotene?] °lFAgE whjsto] GAZ FHGk= H2jo|tjung
et al, 2016). SMF3981 SMF470 ARFAIS] B-carotene
bleaching SAAlI52 242} 43.19%2} 42.88%= ATCC14917 Ak
TA22.73%)EH FoH 02 =2 WIS JA5-E VERY
AH(p<0.05).

Liu®} Pan(2010)& 8£9] Lacrobacillus AA7}Y 14.81-28.27%
H9]9] DPPH o)z 27468 YERHYL, Lee®} Kang(2020)2
8%9| Lactobacillus A=tAI7F 2o 28.71%2] ABTS dd &
A'5S eIt B sttt Jang $(2018)2 L. plantarum
Lnl ARFAIZE 58.33%2] A|&aHiket AA1 5 HERAITHL Hal
Sk vk Stk webA] £ At A, AEE SMF398%F SMF470 At
A= FARFE/o] St FF 7154 PBHIR &8 TS
T A0E J|Ert. fANtY] ket B oA EHo| A
Sli= EPS £4, MZAE9] polysaccharide, HAFEAER A44
glutathione¥} e-tocopherol 5°] #5lH(Kim and Park,
2021), @Ao] 9Jaf ikt E/dE Uk Maillard ¥-8-E0]
AAdEt . dFHtHLee and Kang, 2020).

QA ARZHIS) NO 44 oK
LPS £ oPAo] ofs) HwelA BAsE gAAEE L-

5= BAN7|L 22AS EAI7IH BA WS A

et al., 2009). FAE ARFAIS] NO A4 dAls= H7Fs] S5t
of, LPS Aol gJs FFol = RAW264.7 HAA|Zo]| F-4k
o+ ARFA(1 mg/mL)yE 3718t § NO A7 246k tHFig.
4). LPS v|A2]H(- )2} Blaste] LPS A thxa(+)olA @AIst
Al =2 NO A/g5o] &= o] LPSO| Qlsf| F5ol Fd Aol
Rl At SMF3983F SMF470 AkdAl A E]of SJ8f LPSZ A=
= RAW 264.7 AlZZo|A NO A§/do] 22} 30.92%2} 22.81% 3t
AFom, ATCC14917 AFAI(12.5%)Ect Fo802 =2
NO A4 AAlsS UMUK p<0.05). SonT Kang(2021)
EQA A Belgt L. plantarum P100 @59 GAE] ARFAI7}
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Fig. 4. Effect of heat-killed LAB on production of nitric oxide in
LPS-stimulated RAW264.7 cells. Heat-killed cells (1 mg/mL) of LAB
were prepared by heating at 121°C for 15 min. Each value
represents meanzstandard deviation of three independent experi-
ments. ¢ Different letters indicate significant difference (p<0.05).
+, LPS(1 ug/mL), -; without LPS, ATCC14917; L. plantarum
ATCC14917, SMF398; L. plantarum SMF398, SMF470; L.
plantarum SMF470.

22.32%%] NO 234 IAls= YepfJoka gt bp Qlck

Sikr ARHIS] TNF-a, IL-6, iINOS, COX-2 |SXX} el
x|

LIPSO} -2 HARFEA E= T AISH AEH A0 o5 of
AANZ7T FeohA &8t @ 7%, tumor necrosis factor-a
(TNF-a), interleukin-6(IL-6), inducible nitric oxide synthase
(iNOS), cyclooxygenase-2(COX-2) 59 €34 wi7/lAA=9]
gt FAS E71510 452 3711 THIESS st
75 ZAgto] uhy 9910 & AR8sttHLawrence et al, 2002).
2hA BS54 TRt i Al ASA A M RS
o3t 38 E#7} Ft}. TNF-¢} [L-65 954 cytokine L& 9]
59 Hrh HEL ASNES Ut GAFHCui er al,
2020; Ishihara and Hirano, 2002). NOx 9Z4139] tj#34
9 AREZZ F=2 iNOS9| a4&-8o| 93 L-arginine2 25
H 85, FestA A8E NO= B85 8, 23 &4, 413
&4 58 e 4 Ytkimene et al, 2016). COX-2+= iNOS
o} B Eo] FFHSOl 8 J&E of= B4R FE S FHd
A I&AEo] arachidonic acid2RE £33 Lgo] Hojsh=
prostaglandin E29] $4& SstltiHawkey, 1999).

FANE ARFAS] B S B7Isk7] fIste], LPS Aol oJs)
ASol FeE RAW264.7 thaAl o] AREAIE 371E - TNF-
a, IL-6, iNOS, COX-29] #d ®3}E qRT-PCRE °]8sto] &
ot3lckFig. 5). AlZ $749] o] 2N E EE Frof Ao
7} A9 9= house keeping gene®l GAPDHE reference
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Fig. 5. Effect of heat-kiled LAB on gene expression of TNF-¢
(A), IL-6 (B), iINOS (C) and COX-2 (D) in LPS-stimulated
RAW264.7 cells. Heat-killed cells (1 mg/mL) of LAB were prepared
by heating at 121°C for 15 min. Expressed mRNA levels of (A)
TNF-a, (B) IL-6, (C) INOS, (D) COX-2 was determined with (A-D)
relative quantification by normalization with GAPDH. Each value
represents meanzstandard deviation of three independent experi-
ments. *° Different letters indicate significant difference (p<0.05).
+; LPS(1 ug/mL), -; without LPS, ATCC14917; L. plantarum
ATCC14917, SMF398; L. plantarum SMF398, SMF470; L.
plantarum SMF470.
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gene Q= ARSI}, LPSO] 2J5] RAW264.7 A|Zoj|4] TNF-e,
IL-6, iNOS, COX-29] -#&1A} elo] dAsHA S71etd oM, Ab
A A7l o] 1 HAET foFoR AAE ATHp<0.05).
LPS ©=A2|at vlwsto], LPS+SMF398 ARdA] T LPS+
SMF470 AR#Al 7REelA TNF-e, IL-6, iNOS, COX-29] ¥
glo] Zzt o 58.02%, 67.70%, 53.44%, 45.90%, A== A
o= vehdeh W, LPS+ATCC14917 AktAl &7HEe] 3<-
TNF-e, IL-6, INOS, COX-29] &o] 77} 34.86%, 51.67%.
44.36%, 28.06% AA=Act. weta] & Ao AEst fAkt
o] A AHAlE F543 TiZAQIARES] HE A E4do] 95
oy g}, Kang $(2021)2 L. plantarum MG5203 Akt
A7t 5%x10° CFU/mLO] S04 oF 20%2] iNOS & A<}
60%2] COX-2 ¥& AAIE Uepigittal ¥ 1r6k3iar, Chon &
(200992 L. plantarum KFCC11389P AR#AI7E 5% 10°
CFU/mL9] =04 74%2] 1L-6 €& AAE YeRfQlT B s}
k.

2 g3 A3, AAo\A EH L. plantarum SMF398%} L.
plantarum SMF470 5= WA, YE54, 484 & ==
Hlo| QElA F5 EAS Ueh9lt}. £3] SMF398¥ SMF470 o
9] AP AtAlE A 9 ) EAo] 4oto] bdsHA
AT 4 S A FABHA 9 FHA R o] 7MsE AL

2 7],

2 %
AAERY fARE Eefolal TEH[o|QEIA E4do] 943t 2
o] #FE Asto] GAE] AFAIE Alxot AL JA &
A Brlelgny. AEH L plantarum SMF398%} L. plantarum
SMF470 w5 St g5<dol digh A1, A (HT-29)°l
gt 225, WU Aol oigt I € TS H=ol ==
St 02 Uehyith SMF3983} SMF470 459 442 A=
1 mg/mL(F 1x10° CFU/mL)9] 5ol Aol 54 e}
UiA] ot obHAdS Stolich. SMF398Y} SMF470 ARtAl= &
FEHP|QEIA QAWAQl 1. plantarum ATCC149179] A9}
H| W3] §ojz 0 =0 DPPH izt 4A4%, ABTS 2z &
As 9 B-carotene bleaching HAls-S VERAATH 5<0.05).
SMF398%F SMF470 ARtA| A2ol| s LPSE A=H RAW
264.7 MM NO A3/30] 742+ 30.92%2 22.81% HAE AL
o, 934 i7iQIRel TNF-¢, IL-6, iNOS, COX-29] ¥r&d2 7}
Z+ 2|} 58.02%, 67.70%, 53.44%, 45.90% TAE A}, wEbA
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