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Antioxidant and Anti-Inflammatory Effects of Heat-Killed Lactic Acid
Bacteria Isolated from Kimchi by Heat Treatment Condition

Eun-Su Lee, Cheong-Bin You, Min-Kyeong Lee, Un-Sik Hwang, and Hoon Park*

Department of Food Science, Sun Moon University

Abstract

This study aimed to investigate the effects of antioxidant and anti-inflammatory activities of heat-killed lactic acid
bacteria (LAB) produced under different temperature conditions. Regarding probiotic properties, Limosilactobacillus
fermentum SMF743 and Lactiplantibacillus plantarum SMF796 isolated from kimchi showed strong acid and bile
salt resistance, adhesion activity onto HT-29 cells, and antimicrobial activity against pathogenic bacteria. Based on
the results of thermal death time and temperature, heat-killed LAB cells (1 mg/mL) were prepared by heating at
70°C (180 min), 80°C (120 min), 100°C (30 min), and 121°C (15 min). The heat-killed SMF743 and SMF796 showed
significantly higher DPPH and ABTS radical scavenging activities than live cells (p<0.05). The heat-killed SMF743
and SMF796 at 70°C or 121°C revealed stronger DPPH and ABTS radical scavenging activities and inhibition of
nitric oxide production than those at 80°C or 100°C. Furthermore, heat-killed SMF743 and SMF796 at 121°C sig-
nificantly reduced the gene expression levels of tumor necrosis factor-o, inducible nitric oxide synthase, and cyclo-
oxygenase-2 up to 53.33%, 58.67%, and 83.67%, respectively, in lipopolysaccharide (LPS)-induced RAW264.7 cells
(»<0.05). These results suggest that heat-killed L. fermentum SMF743 and L. plantarum SMF796 can be used as

natural antioxidants and anti-inflammatory agents.
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et al., 2005; Ohashi & Ushida, 2009; Choi, 2019). tHEZ
o7 olfEHE ZEnHlo|QHA FF
Bifidobacterium <5, Enterococcus 4 S22, ZZH}o]Q
22 o] &H7] fJalXE AA Falg <t generally
recognized as safe (GRAS) ¥ 2 UA S wrolof s},
A3 F 7 EEete] 783 a3E el steE
71EA o 2 QAaka) T st LH’%], A Aukzl Adm) AL
of tigh F2bs, Wdwtol] ek FBAES 2L Slojof
Stoh(Lee et al., 2016). FAITE A+2] 49 G Ak F
ofsitte S 2 A Ao Hoh B e 72
& T AHNZE S7heRAL Qlof, At ETE SRR AltA|
(Tt Ruto] @ ¥ )8} AR (Z L EHLO] Q E ) o]
&% A7t FES B3
u}2}2z 2 Hlo] Q ¥ X~ (paraprobiotics)= H] & 8}E ZZH}
o|REY L #F9 AAAE Aol Hlste] w9 FHataL
et ko] ofE g AP AA WAAE A
_J% Ho] golst, AAHTIEEN 1771523
, A= s Q) Holo A&
o] 2ATHKim et al., 2018; Piquéet et al
ZRulo] Q E 20 A HAFA &EE
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peptidoglycan, nucleic acid, lipoteichoic acid, lipoprotein,
exopolysaccharide (EPS), cell wall protein 52| MX A&
o, Batsl, B, Welxd, A PAE 25 24, A
AL s, 2o 20 A, A7) B 5 g
A gde Vepdta R E A tK(Lee et al., 2015; Kim,
2018; Akter et al., 2020; Nataraj et al., 2020). Abo3] <]
Az wgos g, Ao, s, 259 A, 5712
71 SOl lew, I FolA EAFel o3 W 34
st " A Ert Thssh 2k wE Al e
d55 243 5 de= Zxel o] 7P de ol &
=32 9lthAdams, 2010; de Almada et al., 2016). &} %
AAN7HA] fFakts 8] AFBAIT | 2exdS dAs
of AREAIE AXT § Al nE g 345 3
71k A= AL AR-g Aol

A AL ol A A BF= B/ AR F (reactive oxygen
species, ROS)0| 2Ed| 2, S, B e H, dH S 3
Aol H=sHA FA = M) AR A, Tl
DNA Fo] Atstx o g &44uo] o et oF, AE
AAEZ, T, HEF, =30
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(KCTC3108)zF WHAA  AA|FF2  Escherichia coli
KCTC1039, Staphylococcus aureus KCCM11335= A=A
AlE](Daejeon, Korea)oll A H-oFikol AL&-3litt. <17+ A%
el HT-29 M Z(KCLB30038)$} wl-9-2~ f+2] RAW264.7
A 2 (KCLB40071)=  §h=f M 2 F-23)(Seoul, Korea)ol A]
FoFrol AFE-3}9IT) Pepsing DPPH (1, 1-diphenyl 1-2-
picrylhydrazyl), ABTS (2,2"-azino-bis 3-ethylbenzothiazoline-
6-sulphonic acid), MTT (3-(4,5-dimethyl thiazol-2-yl)-2,5-
diphenyl tetrazolium bromide), LPS (lipopolysaccharide) &
A kL& Sigma-Aldrich Co. (St. Louis, MO, USA)oA]
Iasiet.

SiiE| H2| W =3

AAAF Ha YA IDFE 1.9 (wiv) H&Z H71s
3L Stomacher (BagMixer 400W, Interscience, Saint Nom,
France)E ©]-&3ato] 527k viafstdet. vhafgt &o& A
o g2 343t EdMan Rogosa Sharpe (MRS, Difco™,
Franklin Lakes, NJ, USA) ZA|wjXx]o] =3} 37°C,
overnight B 3t MRS ZA Aol A E2]d @Y &
ZYE BCP A8 A|(Eiken chemical Co., Ltd., Tokyo,
Japan)oll =gste] vjYE & =@M S AAste F2
UE fFAgeZ 7Hsiar AEsidnh AdE fAdT9
Gram H2/d3} catalase &S It on, dwn7
(AE31 Trinocular, Microscope World, Carlsbad, USA)<
ol &3t PFHTHH 54 TESIATE 16S rRNA F%}
A7IME EA ) ol AEE FAETE TS A
H 452 16S rRNA 34 9714282 universal rRNA
gene primer (27F and 1492R)E ©| &3l F %3t om,
BIOFACTA} (Dagjeon, Korea)oll €714 <E 48 2| F 31
o} 43 16S rRNA €714 ¥ dl°]E]& National Center
for Biotechnology Institute (NCBI)2] BLAST online program
S 0]£-3}9] Genbank database®} H] 2L 3}% T}

M|ZE HHQF

17t A% 3l HT-29 AlX+E Roswell Park Memorial
Institue 1640 (RPMI, Welgene, Gyeongsan, Korea)ol 10%
Fetal Bovine Serum (FBS, GW Vitek, Seoul, Korea)Z} 1%
penicillin-streptomycin solution (Cytiva, Marlborough, MA,
USA)S &3ste] widstalt. w2 2 RAW264.7 Al X
+ Dulbecco’s modified Eagle’s medium (DMEM, Welgene)
o 10% FBS$} 1% penicillin-streptomycin solutionS &3}
ato] wiFsIAT F AESF BF 37°C, 5% CO, 3L
A 8F= incubator (Thermo Fisher, Weltham, MA, USA)
ol A Hi &ttt

ST LAY U HEEY 53

fabare]l WAd 3 g5 ¥ 7F= Lertcanawanichakul
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et al. (2015)9] WY AF FA s FDY3HA T MRS
oz uR] ol A 37°C, overnight HiF3F Fraket wikelg- A
ol AMgstAh WY H7tE flske 0.3% pepsin
(Sigma-Aldrich)°] 718 MRS HAHIA|(pH 2.5)0] -4+

< 9F 1x10" CFU/mL 0] =% 1% (wiv) HEsh
3 3AIZE BESAIATE RES S MRS A || o] Z=Ha)
of Wit & AATE S5t Fo AEES IRIEA
ot WEEA H71E 918 0.3% oxgall (Difco™)e] 7}
E MRS A ufA] ] F2EFS 2F 1 x 107 CFU/mL 59|
HEE 1% (W) BF8L 2447 9H8-A17] oS MRS
IA A O] =Este] wjget & AFFE S 7
AEES 8.

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

Tohe| ey &5

Fatde] @S Kim et al. (1999)9] W3S A
T8t ZA3IATE MRS A A ufA] oAl wl Y((37°C,
overnight)3+ -2kt vl FelS 413E2](12,000xg, 4°C, 10
min, CT15RE, Hitachi Chemical Co., Tokyo, Japan)3}<]
A S AASIIL 045 pm syringe filter2 o33 & A5l
= Aol AR LA AATETF(E. coli KCTC1039,
S. aureus KCCM11335)E- tryptic soy broth (TSB, Difco™)
o] ztz} HE3k3L 37°C, overnight ¥l %3 TS 0.85%
saline &M O 2 2F | x 10° CFU/mL 22 8|43} A}
4319tk 843k XA FFE Nutrient agar (NA. Difco™)
o 100 uL¥ #AsHA JFatar Eadt Heos =dst
5 37°Col A 1AIZF v FatsiTh. oB] vl ket HaulA] 9
o paper disc (8 mm)E ¥l ikt 45 100 uL
A dAsHA EF8t] FFAIT F 37°CNA 24A17F vl
AT Akt 8-S paper disc FHO| FAEH o
Agke] A71E S35t HrFstdTh

Tibre| FME FEs &Y

A% el HT-29 M2 gk fAkFe] 252 Shin
et al. (2015)°] WHE IF FAst] A 3H3ATE MRS
ol A uf x| A vl U%(37°C, overnight)dt +-4H+S PBS &
(pH 72)2.2 F ¥ AlF3 5 1x10° CFU/mML FE2 2
Z4 5t dgdg AME3IS T HT-29 MXZE 6 well plate
(SPL Life Sciences Co., Ltd, Pocheon, Korea)2] RPMI
2ol 1x10° CFUmML 522 HF3t3 37°C, 5% CO,
274 24217F B get & NS AASA. FeY
o] AlA® HT29 Al ¥ RPMI 1mLe} A& | mLE
B33 37°C, 5% CO, 7oA 1A _F w3t Th.
AZ2E PBS &4 0= 33] AlFste] F2ER] 2 FAF
S A A & Triton X-100 (Samchun, Seoul, Korea) 200
puLE 7hste] Mol F2d fAktS 355t 3]s

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

Lx2(of 2fet ikt AR HH F LX2| Al M=
MRS A A H]X] oA 8] F(37°C, overnight)eF FAitdS
PBS & o= F W A3} °F | x 10° CFU/mL FFo|
HEE 243 T 70°C, 80°C, 100°C, 121°Ce] &L oflA]
Z+z} 15, 30, 60, 90, 120, 150, 180% ‘&<t Autoclave
(AC-12, eion Tech, Daejeon, Korea)S ©]&3te] dxlz]s}
Atk @A et 79 FY¥H I H(pour plate method)S
o]-gate] MRS Hyh x| 1 mL® HZE&}aL 37°Coll A 24
AIZE Hjeket & AFFE S5t AFEES FRIsTh
A2 2700 M Fakto] AFE &S FHetslr] sl A
F7F 100 4 v Aele AlZH] DR(D-value, decimal
reducion time)S AlAFSIATE fAkto]l €3] AME =
Azl 2721 70°C (180%), 80°C (120%), 100°C (30%),
121°C (152)0llX A8 & F470x81 01, o] AltA|
Age FA7AxHE A4AIE 1 mgmL (2F 1x10° CFU/
mL)¢] F==Z PBS & (pH 7.4)0 @Esto] A

Alm|e| Mz2=sY &8

AR o] A EEA H7be HT29 Al ZE ARS-ste] MTT
ol 93] =731 tH(Chuah et al., 2019). HT-29 A X
(&F 1x10° cell/mL)E RPMI v #]ol HZE3IL 96 well
plate®]l 100 w523} 37°C, 5% CO, 71X 244
7b W FskdTh Al G5 E A A & RPMI HiA] 180
wleh Akt AR, 2, 5, 10 mg/mL) 20 ulE 718k
37°C, 5% CO, 2714 24A17F v F3t ATt v & 5
Ag A|AsI PBS §Ho 2 3H A ZE T2 RPMI HY
2] 180 pl2k MTT Al 2K(5 mg/mL) 20 ulES 7}k 37°C,
5% CO0NA 4x 7k REG-813] Tt vEg- §- 5ol S A7 sk
Dimethyl sulfoxide (DMSO, Daejung, Siheung, Korea)
100 plE 7hated Wk ofs) A formazan I HES
43| A17] % microplate reader (Biochrom, Cambridge, UK)
£ ol&3t 570 molA FFEE SASAT. FAIE
PBS &<(pH 7.4)5 AHESIR o™ the] ALk ol wet
M E BEE (%) AN

SurViVal rate (%) = (OD /ODconlroI) x 100

sample
AFH|Q| SHatet & =X
DPPH 2}t &27)°5& Wang et al. (2016)°] W2 <
W ste] stk fabit Al mgiml) 2 mLh
OD,, =12 %43 04mM DPPH €9 2mLE &

=%
AL QA 3087 WA T EFS Ae
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(12,000xg, 4°C, 10 min)ale] A58 3]st} 343
e FHEE 0Dy, A F7831aL th3-0] AlRkA o)
w&} DPPH U2 2AF (%)< ALt vz+e
PBS £ (pH 7.4)2 A&

DPPH radical scavenging activity (%)
=(1-0D,,,/OD x 100

contro! I)

ABTS (2,2'—azin0-bis
acid) Zo1Z 24% < Re et al. (1999)2] WHS AF =
Aot X8 5?91‘3}. 02M sodium phosphate buffer (pH
74)9 39mg/mLe 7mM ABTS$ 13 mg/mLe 5mM
Potassium persulfates &33taL A A 16A17F WA A
ABTS" &tt]Z-s whEith /755 o83kl ABTS 2t
gze] x5 0D, =072 243 & 483 2353
t}. ABTS' &tt]Z- &9 1.35mLol| -2kt AbAl 150 pL
=2 sl 392 7 37°ColA 1087 Wk & 9

Pra(lzoomg, 4C, 10 mm)o}oq FedE Ik

X1l

3-ethylbenzothiazoline-6-sulphonic

AR W oﬂ w}a‘r ABTS EM% *74 (%) AlAtsisit)
ZT-= PBS £ (pH 7.4)S AHg-slTh

ABTS radical scavenging activity (%)
= (1 = OD/OD ) * 100
AbA|2| Nitric oxide
Akt Akl o] NO A7 oAl 2702 RAW264.7 4|2
2 o]&3to] 2183 thSon & Kang, 2021). RAW264.7
MEZE 96 well plate®] DMEM (1% penicillin, 10% FBS)
Hj 2ol 1 x 10° cell/well 222 HF3+d 37°C, 5% CO,
oA 24A17F wFatATE Mg F G AE A AL LPS
(1 pg/mLy7t A7FE DMEM HiA] 180 pl} FAtd AltA)
20 ulE 7Fsked 37°C, 5% CO, 7oA 24A17F wjks}
Ak wlE T AxE AE5A 100 ulol griess Al 2F0.1%
naphthylethyl : 1% sulfanilic cid : 5% phosphoric acid) 100
£ 713 & 1587 v Al T Microplate readerE ©]-&

dd oM Y 58

3t 540 nmellA FFEE SA S 2
NO A A B4 (%) AAMEIATE FAE-S PBS
(pH 7.4)& AH8-319 ).

NO production (%) = (1 — /0D %100

5dmpIL Luntrul)

AlEAM|2] TNF-a, INOS, COX-2 8K} Ebsd oK 2 =5
TNF-o,, iNOS, COX-2 mRNA &3

transcription-PCR (qRT-PCR) ®'H-&
(Cheon et al, 2020). RAW264.7 MAEZE 6 well plate©l
1% 10° celliwell FE2 AEE & 4SS A A5A0)
7z} welloll 1 pg/mLe] LPS7}F 78 DMEM HiA ¢} 1 mL
o] AbAl(1 mg/mL)E 7}5} 124 7F 9E-8-31H o, 1S
S AXE PBS &40 F W AHL AEE 3|5t
PCR #2J9o A}-&3}9t}. Total RNAE RNeasy mini kit
(Qiagen, Hilden, {3t FEsIoH
NanoDrop (Biochrom)g& ©]&3}o] FE& A ZFslch
cDNAE 2ugel RNAS FIH OS2 cDNA synthesis kit
(TAKARA, Shigaken, Japan)E ©|&3l] A3FA -
cDNA &3 PCR StepOnePlus™ Real-time PCR
System (Thermo Fisher)S ©]-&3} 2™ SYBR green
(Cosmogenetech, Seoul, Korea) 10 puL, cDNA 2 uL, primer
(Cosmogenetech) 2 uL, /5 6 uLE &3t £ 20 uLe]
S50 2 PCRE 533}t Reference gene®Z GAPDH
E AFE3l9 21, delta-delta C, (AAC) HoZ A4tsle
ARE B35t PCRO| A3 primers Z2RZ1E
(Seoul, Korea)oll A -1 3}$3 2. Table 13} 7t}

=
2 quantitative reverse
°l8

gato] At

Germany)E  ©]

A =4

EE Aol AR 33 viE dFd =
(mean)=XETHZHSD)E ZAIBITE BAIAE Q] o4
A2 Prism 9.3 (Graphpad software, USA)S ©]-8 3}
one-way, two-way ANOVAZ EA43}dt) §fo5¢FS o
Z73F ¥ 2ES w, p<0.0501E FeAle] Ye Aow
2a.

Table 1. Primer sequences used for quantitative reverse transcription PCR

Gene Direction Sequence
TNF-o. Forward 5-CGTCAGCCGATTTGCTATCT-3'
Reverse 5-CGGACTCCGCAAAGTCTAAG-3'
iNOS Forward 5-CTGCAGCACTTGGATCAGGAACCTG-3'
Reverse “GGGAGTAGCCTGTGTGCACCTGGAA-3'
COX-2 Forward 5-CCGTGGTGAATGTATGAGCA-3’
Reverse 5-CCTCGCTTCTGATCTGTCTT-3'
GAPDH Forward 5"TGCACCACCAACTGCTTA-3'
Reverse 5-GGATGCAGGGATGATGTT-3’

(TNF-0o, tumor necrosis factor a; iNOS, inducible nitric oxygen synthase; COX-2, cyclooxygenase-2; and GAPDH, glyceraldehyde-3-phosphate

dehydrogenase.



288 o] - W -

EEN g kS,

_IC_>|_A|-:.,L7<O l=l,3_| =]}
BCP ¢x1]HHX] oA =gk

=

ut
\s
Olr
_H
_>|4J
m&

L

0}&’1"/}. 12+ ﬁ%v} SollA *ﬂ%% Wk
Ar8}84(DPPH 2 ABTS &ht]Z iﬂ—o—)o] °$§s} 20%—
o] #F5 22} A3 & At vlaLste] AltAle] @4k
3} FAdo] ¢:3 2F9] #F(SMF743, SMF796)2 =
Adsiith HF AEE 2% 50 Jeishy ¢ stk
Mg A3, Gram YA 7O E catalase
Uebl= 2ol &l=it. 168 RNA #3
S BRI S 2 NCBI nucleotide BLAST search
321, Genbank database®|A] “¢5/dS HlaLgh
St 2F9] #F= Limosilactobacillus fermentum,
Lactiplantibacillus plantarum>}+ Z}ZF 99.79%, 99.05%<]
=2 A4S JEM S Limosilactobacillus  fermentum
SMF7433} Lactiplantibacillus plantarum SMF7962.2 T8
&FATh.

k)

m

T ox,
o afo
M

>

¢

w24 g J
ox
™ g 4
N
>
32 g dlo
o

;i
e
-

Tokre| LHAY 3 LHEEY

frakto] ZRulo] QE AR A 7S W 5] flEAe
w2 pH 271 4k ggo] EAlske oA A
skl HF H2 F9IQ Hol =2efol stuE, fikt o
WA WHFAES Z'blo| o8 A 5 AAS HT
7}XP Q3% 94 9] Fo]tiSim et al.,, 1995). Al
= 0}\}&4 qp\})aJ,} LHI:LE/H_O_ Table 29]. 7Lq. pH
2.59] JAFHAMANAN Limosilactobacillus fermentum SMF743
=} Lactzplantzbaczllus plantarum SMF7962] A &E&2 7}
ZF 98.99%, 9761%= “FUE ZEupolLEH A 754
Lactiplantibacillus plantarum ATCC14917 (100.21%)3
AbeE AEE-S YERA I Oxgallo] 0.3% H7He vi=] oA

o!
F
1z
1z
G

80 -

60 -

40

Cell adhesion (%)

20 - b b

L. plantarum L. fermentum L. plantarum
ATCC14917 SMF743 SMF796

Fig. 1. Adhesion ability of LAB strains to human intestinal
epithelial cells (HT-29). Data are meantstandard deviation of
triplicate experiments. * Different superscript letters on each
bar represent significant differences (p<0.05).

Lactiplantibacillus plantarum T15 457t ZHZF 96%2F 93%
o] AEES Yehidva Bastich wapa 2 A
A A8 g 259 A A # WEEA o] - o
FE LR QEA A 27l FdTiL B 5 3

o2 HT-29 M|Z0f| CHEH HF&=
frakto] el A AEsHAA 1Al F-&
38k Aaix= A9k AHolAES T ? ol =3t
of Az 72T & e 8ol 8 FEHDunne et
al., 2001). A7+ A% 2 HT-29 M2 thdt FAtaF2)
AE25S Fig. 13+ 7th SMF7433% SMF7969] 442
2 74z}t 10. 78%9} 10 59%=, ATCC14917 (8.18%)%} H]
S YeRNAE Jung & Kim (2015)
< Yelll= L plantarum BSM-2
o} EHJ-1 #F9] HT-29 AlxZe] st ZF2aFo] zhzt
4.01%, 4.62%% B33k b} 3 q wEha] B Aol Al
H SMF7433} SMF796 @+ WAiHda ygsAdol ¢

ox o

2 ZRHP]QE 2 24

SMF7433%} SMF7969] A&&S 7H7F 9533%, 105.05%%  8tal A Xl tigh F2H5o] ¢dte] ZEnlo] QYA
ATCCI491 (10040%)3 FATSIAL & AE&S nar 7ol 270 Rgste Ao ARk fihwe 42 4
(Table 2). Lee et al. (2016)= pH 2.59] 7oA 4% <] A EHo B2 o] mucin A4S 2R HATFe H
Lactiplantibacillus plantarum 3H0] 72.2-93.4%2] A& g AAFO A I A E o] S-S ol T Hdde
S et B892 ™, Tulumoglu et al. (2013) 2RE 3] WolAA Al&"S Asteta G Rt
0.3% bile salt 73X Lactiplantibacillus pentosus T133}; (Saulnier et al., 2009).
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 Survival Intial (Log 24 h (Log Survival
CFU/mL) CFU/mL) rate (%) CFU/mL) CFU/mL) rate (%)
L. plantarum ATCC14917 7.59+0.04 7.60+0.03 100.21+£0.91 7.43+0.00 7.46+0.09 100.40+0.14
L. fermentum SMF743 7.82+0.01 7.74+0.01 98.99+0.27 7.38+0.09 7.03+0.04 95.33+0.67
L. plantarum SMF796 7.79+0.01 7.60+0.04 97.61+0.53 7.43+0.03 7.81+0.03 105.05+0.54

All values are mean+standard deviation of triplicate experiments.
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WA AAFF2 E coli KCTC10399 S. aureus
KCCM113350] gt fribd2] 84S 34T 243=
Table 33 7t} SMF743L2 E. coli KCTC10399] o3l
10 mme] Al gS A3 2™, SMF7962 ATCC14917
(12.0 mm) HEt} 3k 15.00 mme] 33k YA 33 ch
S, aureus KCCMI113359] thdle] SMF743, SMF796,
ATCC14917& 217} 16.67, 14.83, 17.00 mme] =2 A3
2= AAsiith et B AllA AEE SMF7433%
SMF796 3% d8/o] ¢Fate] Z2ulo] o2
Fo] 270] FHshe 02 Fs itk Teuto] 02
2ol e AT Aol 3k, oA ELE BlEE] e
A, H,0, 59 =2 At falte] 52415 A
3l A #E2& fAstE 5o AARLS zhy g)\q_j_

1 7% tH(Herich & Levkut, 2002).

Table 3. Antimicrobial activity of LAB strains
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AA| MZE 25 gr2| = 45

HH3] AFEE fAEAIE Al xE] A EA4E 20S
4387 flete] tdet =AM FAES EA e
T AAdTE SASAT Z, MRS AA A oA wlj <F
(37°C overnight)¥F f-2k+S PBS €02 F ¥ A|Fs}

2 FA(1 mgmL=2F 1 x10° CFUmL)E 33 3 70,
80, 100, 121°CY] &% =74 15, 30, 60, 90, 120,
150, 1803 &<t EAglate] Ao ¥MstE S 5HAth
(Fig. 2A). 3%9 4kt FA (I mgmL) 25 70°CollA
180%, 80°CollA 120%, 100°Col A 304, 121°CellA] 15%
o] dAzlo| o 3] APEEE Aol AT A
ol M 7} #79 DRI T oA 90%2] P E
< AtEsteEd Z2le AlZHS Fig 2(B)oll YER AT
70, 80, 100, 121°Ce] =04 A 2]gk SMF743¢] D#t2
Z}7}F 17.96, 11.98, 2.99, 1.50%, SMF7962] D% 7zH7}

Inhibitory zone (mm)

Indicator strains L. plantarum

L. fermentum L. plantarum

ATCC14917 SMEF743 SMF796
E. coli KCTC1039 12.00+1.00° 10.00+1.15° 15.00+1.00¢
S. aureus KCCM11335 17.00£0.00° 16.67+0.58" 14.83+0.58*
All values are mean+standard deviation of triplicate experiments.
*¢ Values with different superscript letters in the same row are significantly different (p<0.05).
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Fig. 2. Changes in viable cells (A) and thermal death curve (B) of L. plantarum SMF796 and L. fermentum SMF743 at several
temperature conditions. Data are meantstandard deviation of triplicate experiments. (@), 70°C; (A), 80°C; ('¥), 100°C; (H),
121°C. D-value (decimal reduction time) indicates the number of minutes to reduce viable cells by 90%.
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Fig. 3. Effect of heat-killed L. plantarum ATCC14917 (A), L.
fermentum SMF743 (B), and L. planrarum SMF796 (C) on the
viability of HT-29 cells. Heat-killed cells (1, 2, 5, 10 mg/mL) of
LAB were prepared by heating at 70°C for 180 min, 80°C for
120 min, 100°C for 130 min, or 121°C for 15 min. Data are
meanzstandard deviation of triplicate experiments. (HE), 70°C
(180 min); (=3), 80°C (120 min); (mm), 100°C (30 min); (),
121°C (15 min).
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oA 20.89%, 20.03%2] DPPH }t]Z £7%5S Hion,
SMF743 A<1(13.85%), SMF796 A3(17.21%)3} H] 2 35}]
TR 2 AATE EATp<0.05). ABTS ZtZ
2% Agde 70°c9} 121°CollA A2]d AbtA] €]
gz a7lso] Ee o7 FlEQth SMF743 AltA|,
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(32. 91%) SMF796 A+#(32.70%)3} BliLste] o2 =
E2 7% S YERH ATHp<0.05).
Cho et al (2021)2 121°Col A 158 X238 26% 9]
FAkE AHEA(1 mg/mL)7F 0.13-35.88% H ¢l DPPH 2}
1%‘ 27%% B99M, Son & Kang (2021) 121°Co)
A 158 A2 852 L plantarum AFA(1 mg/mL)7}
15.14-31.29%2] ABTS @HtZ &A% S BAYL B3
sttt w2 Aol AEE SMF743 AbHA| 9
SMF796 A7} =& DPPHS} ABTS 2oz &275%
L}E}‘*HE}L 7}4\; oF = 9o b‘l:*é‘ 715/\4 61—)\}§]r;ﬂ§
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"}J/}Zé oA A E glutathione3} a-tocopherol, Al 32 o]
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gty d# A AUrhKim & Park, 2021). =3k FA 29
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Hx 2| A2 Nitric oxide (NO) AAd o{X|| 2HA
LPS & &A=l o) H=siA E4dskd tlaAE=
inducible nitric oxide synthases (INOS) & o] ¢]s] L-
arginine > 2 F-¥] nitric oxide (NO)2] A EFA|7|H,
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dxz] ZAqA SgHoT =2 x4 AL HPTH
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Fig. 5. 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 70°C for 180 min, 80°C for 120 min, 100°C for 30 min, or 121°C for 15 min. Data are meanzstandard
deviation of triplicate experiments. ** Different letters indicate significant difference (p<0.05). (E3), L. plantarum ATCC14917; (Bm),

L. fermentum SMKF743; (ER), L. plantarum SMF796.
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Fig. 6. Effect of heat-killed LAB on gene expression of TNF-a
(A), iNOS (B), and COX-2 (C) in LPS-stimulated RAW264.7
cells. Heat-killed cells (1 mg/mL) of LAB were prepared by
heating at 70°C for 180 min or 121°C for 15 min. All values are
meantstandard deviation of triplicate experiments. ** Different
superscript letters on each bar represent significant differences
(p<0.05).
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