Korean J Food Preserv, 30(6), 1082-1094 (2023)
https://doi.org/10.11002/kjfp.2023.30.6.1082
pISSN: 1738-7248, elSSN: 2287-7428

Check for
updates

Korean Journal of Food Preservation
stEAMEXNERSEE| K|

Research Article

Characteristics of Leuconostoc spp. isolated from radish kimchi
and its immune enhancement effect

SUXIM £2I8t Leuconostoc£Q| EMut HASL

k=1,

Seoyeon Kwak, Seongeui Yoo, Jicon Park, Woosoo Jeong, Hee-Min Gwon, Soo-Hwan Yeo, So-Young Kim*

et - Q440 -

ﬁ OPEN ACCESS

Citation: Kwak S, Yoo S, Park J,
Jeong W, Gwon HM, Yeo SH,
Kim SY. Characteristics of
Leuconostoc spp. isolated from
radish kimchi and its immune
enhancement effect. Korean J
Food Preserv, 30(6), 1082-1094
(2023)

Received: September 05, 2023
Revised: November 07, 2023
Accepted: November 08, 2023

*Corresponding author
So-Young Kim

Tel: +82-63-238-3610
E-mail: foodksy@korea.kr

Copyright © 2023 The Korean
Society of Food Preservation.
This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License
(http://creativecommons.org/licens
es/by-nc/4.0) which permits
unrestricted non-commercial use,
distribution, and reproduction in
any medium, provided the
original work is properly cited.

1082

SIIO! - Q4 - BRI -

Ot - by

Department of Agrofood Resources, Fermented and Processed Food Science Division, National Institute
of Agricultural Science, RDA, Wanju 55365, Korea

SENSY FYSYHIE 5

AZANEE e /fF4E Y

Abstract The purpose of this study was to examine the characteristics of
Leuconostoc spp. isolated from radish 4imchi and to investigate the potential for
the use of functional ingredients by evaluating enzymatic characteristics, safety,
and immune-enhancing effects among the isolates, including Zactobacillus
rhamnosus ATCC53103 (LGG) as a control strain. All test strains exhibited A-
glucosidase enzyme activity that releases f-1,4 sugar chain bonds. In addition, as
MIC values on 8
antibiotics were below compared to the EFSA standard, and hemolytic experiments

a result of antibiotic resistance assay among the isolates,

confirmed that all showed gamma hemolysis without hemolytic ability. As a result
of the antibacterial activity experiment,
showed a higher activity than LGG against Bacillus cereus and Staphylococcus
aureus. Additionally, the activity of the NF-kB/AP-1 transcription factor increased
when the isolates were treated in macrophage RAW cells. These results were
related to increasing the high mRNA expression levels on TNF-a and IL-6 by Zeuw.
mesenteroides K2-4 strain to be treated at low concentration. Consequently, we
suggest that it will be useful as a candidate for functional food ingredients.

the Zeu mesenteroides K2-4 strain

Keywords radish kimchi, lactic acid bacteria, safety, immunity
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TAREE FEA IS It Be o oE 37CoA 7P ASo] Edetal
A Aol FAEAL 60T ol Aol APEshs 5 WaAel e 542 7ML A
(Ann %5, 2011). THOlE B AelAo] 92 REST Qo] 4F LaNE Az L b2
A A1 WS 0] AT oS TSI Qe A ATATSOINE o} FATES 2
A Lactobacillus, Leuconostoc, Pediococcus, Streptococcus, 12|l Bifidobacterium
o8 EREL AAtHAnn 5, 2011). o] fANES ©etEs H7]12 02 o]gsto] Hike
S AFY AFES FRATIH, ‘%4 ZA 3 ]S 7AAskaL(Schillinger®t Liicke,
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1989), ¥R AEE Boto] At AN FUHE A9

= Bl Ao 2AsHA ol MY nldE A
4G, & TAEY A4 E HggAe 54 5 S5
Eo| B2 8- £HLindgen¥}t Dobrogosz, 1990). ©]
o 22 A ANRERE fhtE0] IAF, FAF
SAE 2 4% 4% 59 7FA AR ﬂxo}-fl
oA ZEHPO| QYA AAEA Aol HolA AL
HLee &5, 2014).

Probiotics= AA% ¢& Fo¥s 4 s5oA 434
9 o]ldE& F&= "AERE HoHH(Sanders 5, 2008),
probiotics®] F8 7|50 2= SGEWSE T4, Jold &
A7 (Reddy &, 1984), FW +FY HHsKAttaie &,
1987), €% U 2HE A 4, I A&Amn 5,
2011) ¥ A 4L hAste] SAEY 4%t 55
T8 A%E SHAAZHKim, 2002). °olF Akt o
2 Ry 2 FU4 nBEEC] tioto] SAAA A=
Uetfl= A2 o]&0] B4ket 2 71| tiabibEEol ot
Ao F AU ALy} 72 0 7|ALS ofzlE]A] 4l ZA]o]
A 2 *3%6}% “V” of tisto] bactericidal Z-&-0.& <l

27 gz d#A UkLee 5,
ZHlo]QElAR o]8E|T 9= QAF
S Jactococcus, Lactobacillus, Bifidobacterium(Ann
5. 201D EFE 19%°] 71584AE EEEIL A
ot AATA] Leuconostocd #F= T ZHO|QEA A
2 E=25o] A= 9

o 1o

)

ol :1

WE

19

5 fAES
o]8&5}o] exopolysaccharide?l dextrang A & Q1
=0, HEAR] Ao] Leuconostoc42F dextransucrase
9 28 o7 FL8L 7} =2 dextrang AJAFo](Zhou 5
2018) 444 &-gAdo] ot FEIY glom E54, A
4 9 Ak EEeehy S 7HAIAL o] AR &

AzA0) 523 TS of= A2 E HiEo] QJtHSantos
=, 2000). 181 Leuconostoc v+ Aeo 2 HE o}
UE 5= BAlstaA HaAEol AFt ot g9k 7

H= 98-S HHKim 5, 2002). SAFo] Qs A
= 2 Ao R 1Y, 22 o|A FAaHTL
t AR o) HISA] Ao] Qlof o]&o] 9t vy
o Befo] Be @TE0l HuEHAOM(Saha 5

LeuconostocE< i%}?} sucroses
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2011), oJ2f’t AFEZ B2 A - g0l A
S92 fAlstol F AR AMBTO RN ABNFH T
;] 2 FAo]q A& ARse A7t R1EJITHGhosa

5. 2012). $HH, Leuconostoc 42 WAHY, H}O]Qxﬂuo}
oJ—?,.]-_QJ—H ]__/\-]0] tﬂ‘oi;{fl 13”'0
FAS0] 22313 AT, AR el 747}71%-1
duz SEHo] A8stE ARl Leld A 9

webA] 2 Atolld= AN 7 Wl A AEEe
Leuconostocd FFEL Ao §45Hg, obdA U
7154 EZARE 93519 probiotic AMZA &8 7}
A2 BrlskA s9.

o s, B

2. Mz % diH

2.1. BZIx| AIEE2LE 7= 22 2 £X
o]l Aol AL Ao S-83t Al vlE AL
257 95kl EAROIA FYT FAA 2545719

V2712 u)Zek g 2))e Ak r x]oj(A%29) Hol
oA 20214 <At AWetAct, 7+ B3] A2 dF
% #3to] blender2 vifsto] #dst 4 98 AA T Wi
g 0.85% APAdrzE dAER A INT T,

lactobacilli MRS agar(MRS, Difco, Sparks MD, USA)
vl Rlof S| AS 50 pl¥ FF, =L th 35ColA
48417 F71edRt &, AR fANE FEe FHoto] 33] o]
& A wjdste] = £951ith ol fANFTFEE ()
ut3 2 A (Macrogen Co., Daejeon, Korea)oll H|RBE &
< 9ot B4 AP T ol APFFES MRS
brothol] HAEjFE F 50% SAES S50t A& A
7HA] -70CoA EEst BE A& FgdRT
92 Jactobacillus rhamnosus ATCC 53103(LGG,
American Type Culture Collection(ATCC), Manassas,
VA, USAYE Hlmgo & Fujsto] ARSIt

22 &AEN ZEH

HA Bt QAREFEC] H43t TRkt AA8AS A}
s17] 9l5t] Api klt(ZYM, BioMerieux, Marcy-IEtoile,
France)& |85t AANA AZshF= 24 viwol

w2} =5FTE MRS agarollAl 24A17F ¥iFAIZ] FAIE
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A5t] 0.85% NaCl B#B4 P52 3)4sto] g
3-4 McFarland(BioMerieux)® F%3t dEHS 7ZYM
kite] Z+ =) 65 plA AESko] 37C HiS7]o|A 4A417F
slrstoict. £4 Aake B9la7] 918 ZYM A%} B Al

S ZH29] {200 715 AY 587 ¥ES 3 control(1) Ty
A W3S 59 negative(-)@} positive(+) 2 G4 B
 o5E THSIA

2.3 YH LY ZF

TN B2 w2 A WA 171 sl ARl
AREHE A= 85O0 F ampicillin, chloramphenicol,
gentamycin, kanamycin, streptomycin, clindamycin,
tetracycline(BioMerieux)°]™, ZAA|Q] 4 AJSA 5|
5 E(minimum inhibitory concentration, MIC)E &%
57| ato] ETEST stripE o]&ato] PA|ofAl Al Z-al5
L 2 ool et 2Regt. 2] FEE MRS 9
o &% 0.5 McFarland (BioMerieux)® 275t @&l
745 HEOo T HE5 & 71719 YA AEHS &
T 37T vig7Io0A 24A17F Higskoith. =& Aol A
FAYA 8o gt cut-off valuex= Buropean Food
Safety Authority(EFSA, 2012)E #rarsto] A7 A7t
g ujAoA 7t SAISHA] Y= A B A 5= E

flo g
Oltl-["

4

oA BelE F27F A2 oulsiAu Bjs)
3/ B4 Seo 5(2023)9] WHs W5t

AASt T B fARES 7% sheep blood(Kisanio,

Seoul, Korea)& &-8st= MRS agar(Difc) HEujA]
FArTHo R Tt T 37T wiF7]oA 244)17F BioFelR

=iy
th. BiF & 89kS Eoto] k83 (y-haemolysis, colony
H 3k A4 Q). HERE-E(B-haemolysis, colony FH
2 1383 Lu-88(e-haemolysis, colony F
AR S Tt itiKang 5, 2020).

Tr/&-? o] g7 HelA |
Z(Bzza//us (B.) cereus KACC

100048} Staphylococcus (St.) aureus ATCC 6538)%} 1
& A 2E(Escherichia (E) coli KCTC 1309t
Salmonella (Sal) typhimurium KCTC 41028)& =%
A, FEAFLAE 7)ol A 22 Eofrol ARE-6He]
1, o]E HAEEL tryptic soy agar(TSA, Difco) HiA]

oA 24A17F viF & YA wAYES 0.5 McFarland
(BioMerieux)= BEE %& & #9Z 0.6% agars E3
St semi-soluble TSA(Difco)oll @E5}to] top agar plate
S A ZSIEHKim 5, 2015). £33 A7) vfFH
0.5 McFarland(BioMerieux)2 BZE 9w T
MRS(Difco)aZA B3t iAol 5 uL FFE F 37C, 24A7F
5—7] HjQFotRATE. MRS 1A % *&HHX] ol top agar plate
B3 5 37CoA 24417 8 & P49 clear zonef)
S5l MY vdEo] et FHEY R
pilse

o

mlm

>

(mm)

=, O
= =2
H=

BE ¥k

ol

£

2.6 ME 4= =X

FAA oA 23t fARFEY] HASHE 29E B7t
51710 9 WA RAW-Blue™ cell(KCLB, Korea Cell
Line Bank, Seoul, Korea)& °©]-&5to] A|FEZ(F-AMT)
o gt NEEA 58 FARFITE RAW-Blue™ cell
(°]3} RAW cell)9] A&£8&2 3-(4,5-dimethylthiazole-
2-yD)-2,5-diphenyl-tetrazolium bromide(MTT, Sigma-

Aldrich Co., St. Louis, MO, USA)9] 2 ¥ 0|83
of rlstith. MTT A3 del= AlXE Q) Qe PIEEE
gjoto] gl §AZREo] 9fsto] et o] -8/ |2
MTT tetrazoliumo| H|&84d9 HAMEZ == MIT
formazan® 2 TYP== %S SHok= WHOIHGIl 5
2018). WA, 96 well plateo]] RAW cellZ 1x10° cell/mL
9] FE2 FFoto] 2447 Wi & Y fARET Okﬂtﬂ
X LGGE Z7 OD600=0.5 243t vjFH o] A=
2x107 CFU/mLZ Z plate©] 0.125, 0.259} 0.5 mLZ
A5k, controlZ HIAE SR A2k o]F 5% COy,
37C 2ASRE 247t vijFsto] MTT assays S5
k. MTT A]2Fo] PBS(Gibco, Carlsbad, CA, USA)E A7}
Sto] A %3 5 mg/mL B%2] MTT Al2kS 96 well plate
o 200 xLA H7Ft T plateE EFvE 5L o]-8o}o]
WS ZFAIA 37ToA 4A17F BjFste] MTT formazan
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0% SHER It #iY F fE FHAEE 1l of
goto] WA E AASIL 7189 Dimethyl sulfoxide
(DMSO, Sigma Chemical Co., st. Louis, MO, USA)E
ZF wello] 150 uL 37Voto] £849] formazan 23S &
AIZ] & FFEE 540 nmollA SA6I NE =&
< Z47] LS HRFY 8% Akl gk W
(%)= eI

o
=

_ AN=O SBT3t
NE BZEE%) = Bllmliq Ex x 100

2.7. NF-kB FA[PIXf =&

A AR 53421 932 st= NF-kBS| &4
Sh= 4 A 220l A] lipopolysaccharide(LPS)2t cytokines
22 Ot AFAE0] s A= wow kB
(inhibitor of NF-kB)| Ql4ta}o] ofste] &/gat=|o] & W
B2 ol5H o7 FAAE9 transcriptional activator
2 Z85H E=d(Baeuerle 5, 1988), £ A olx= I
Fdutoll == AN Bt AlEEE g5k ol
L ge e 2oz peptidoglycan)@t At A(lipoprotein)
5ol tHAAZ9] TLR29] Q14lsto] &4J3HE NF-«B ¥H
< 3o R AHEY 75-Z B7IsHItHChae 5, 2005).
ol Ao ARESt RAW cell> NF-¢B/AP-1 reporter
cell line(RAW-Blue™ cells, Waltham, MA, USA)°O.&
RAW 264.7 macrophageslAl w31¥ AZZ NF-¢
B/AP-1-inducible SEAP reporter FAAE 7HA| 1L Q17]
off HEEgol o8 A== o &4 o] quanti blue
A A1 2KInvivoGen)oll 23] M7} dojuf EA4] o RS
e 4 tkXie 5, 2011). RAW cell 1x10° cell/mL
9] FE& 96 well plateo] £t 5% CO,, 37C 24
O & 24A1%F B¢ Wi &, Bt fANRESSE FA R
LGGE Z7ZF 0D600=0.5 ZAg vjFA] Adse
2x10” CFU/mL& 7 plate©] 0.125, 0.259} 0.5 mL|
F= Aot} ohA] 24417 5 BT ©]F quanti
blue Al2F 200 pL}t A5 20 L& E3tste] A A
102 ¥F&-A1Z1 & microplate reader (SpectraMax M2,
Austin, TX, USA)E ©0]&3sto] 650 nmolA SFEE &4

https://www.ekosfop.or.kr

Stick. F58 A2shA o AR g 2L g
2 ARgte] T ol AFEe] BYF U8E A
7 EHE B

2.8 HEEEEZ (Cytokine) &

tha)A| 3o LPSet §A Aot BAEE AZEA
A F TNF-e9 IL-69] BAZFS Gil 5(2018) 4
HPsto] S5ttt Aol AFH NF-kB Al ®H}
UoHA Nz & 479 75 sEEE A3t &,
422](1,200 rpm, 5%) 3tof A5Avte Foto] A4d
HAZ 2 FH A enzymelinked Immumosorbent assay,
ELISA)E o]&st= cytokine kit(TNF-a2} IL-6 ELISA
Reddy-SET-Go, Bioscience Co., SanDiego, CA, USA)
2 TNF-¢ % IL-69] 28 4TS SHHAet. TNF-o9}
IL-69] FAI7F 28/ o] Hof 3= 96 well plated] 445
A& 100 pLE Z welld] Y2 F 2A7F 59F A-2004
HRAI7 & SRS A AL, PBS2} Tween 20(Sigma-
Aldrich Co.)& &&sto] A xSt washing bufferZ 63]
A A3}t Detection antibody solutiong @il &<t
H9rSAIZ] ¥, avidin®t Z3E horseradish peroxidase
(HRP) enzyme= 37Foto] A-20A 158 &<t vESA]7]
1, tetramethylbenzidine (TMB) solution d° HRP
o] Hig 7|dE RREAIA Mg Wb HEEY
Stop solution(H,S04)& o] TMB 7|33} HRP &49
k3-8 F$Z2A)71 & microplate readers 0]-&5o] 450
nmolA FBEE A5t FHARL(LPS) e S7HF
< HE&E gHilsto] YeRSlth

]

i o ot o e

2.9. Reverse transcription-polymerase chain reaction
(RT-PCR)

RAW cellof|A H@E= 2AXES tumor necrosis
factor-alpha(TNF-g), interleukin-6(IL-6)9] S-AA}F &
oA fAREFEC] PIX= JFSE FotEr] s Gil &
(2018)9] W& Farst] RT-PCRE 35tqlth. Aol A]

assay?t U WHoR AFdFE
macrophageS ¥FFAIZl & ANEZTRS Fsko], RNeasy
plus kit(Qiagen, Valencia, CA, USA)E AME59] total
RNAE F&o9th o322 cDNA synthesis platinum

cytokine
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Characteristics of Leuconostoc spp. from radish kimchi

master mix(GenDEPOT, Barker, TX, USA)2} oligo dT
primerg AR&-5to] cDNAE E4J5to] templateZ AR5k
AL, Lee 5(2006)2] ARFZHAA AAGE TNF-a, IL-6
5 B 84A} housekeeping A9 B-actin9
internal control 42 A& primer set(Table 1)&
YA(Cosmo Genetech, Seoul, Korea)ll 2=|5to] A2
3to] Thg RT-PCR X722 ZFEZAAT 94CoA 302
7} denaturationA|7]1, 56TOA 30%7t annealing Al
71 & 72T A 187t extension cycleZ 403] HHE51%
tHKim 5, 2023). o122} extension< 72Co|A] 582710
& sto] RT-PCR<& A3t £745121At 5l= mRNA &
2 image lab statistical software(Bio-RAD, Mercules,
CA, USAYE ARE3He] B-actinC 2 X5 HFslsto] 4
AFstoiTt.

2.10. EAx/2/

ol A¥Z B9 L& ZE I7ATES 3% BHE &
HargkE Aol YRR, SPSS(version 27, Chicago,
IL, USA) =2 13-& 0]83}o] Duncan’s multiple range
test 7k BT 2] $24(p0.05)% ASINATE

3. Zaf A JIFE

3.1. PEA AEZERE #F 22 £ &F

ATFE Foto] AEE NG04 71754 FAX (2
1, EHA]) 282 $345to] MRS ASHiAloA At M3
A9 FARETE E25te] B4 olE £ FiktT
E2 16S rRNA 9714 B8ZEIE Foll Leuconostoc
citreum 13K1-17), 18)1l Leuconostoc mesenteroides
35(K1-18, K2-1 ¥ K2-49)& ZI=QIrKFig. 1). Choi
5(2003)° WE" FHX A &gt FAREES 168

1.
2

N

2
o

rRNA @7148 B4 B Tazx7|9 Leuconostocs:
o] &HF0|1L, 1 S Weissella%o] S-Alstcral Agst
Fed, 2 AFNME Leuconostoc FAHFFEC] HIE
= e AA W $AHFES AT S % ol
T QoA AEol ARE 7HEE s YRR
SE50] AT Korea Food Standards Codex, 2020),
WA= A7 58 EEE 55E AHIZE §lof & A+
oA HA F =2 V== HEH Leuconostocs &
g5 FYANWE B7HE B9l PARTEE ERT
445 dO R BATHY HAA E 7153 EAE A

shirt.

|

d

3.2 glzEY Zf

HA B 45000 gt 24shy EA4Z dotE )
API 20 zym kitE o|-85to] #4511 11 A= Table
20 AAetaY. e B3+ leucine arylamidase,
acid phosphatase, naphthol-AS-BI-phosphohydrolase,
1283 @-glucosidase & 4% A4S0 tisio] A4S H
%t} Jeong 5(2021)9] Ao W= AR H A o] A
B3t FAHFFY] leucine®} valine arylamidase, 18]
1 g-glucosidase©l tioiA &S HYetdlo] & A7 2}
o fARE AFE UEITE tHE, B3t #F F Lew
mesenteroides 3F(K1-18, K2-1, ¥ K2-4)= 8-
glucosidase &40 st EAS YeMHi oY, leu. citreum
K1-17 #5% 8/4Z HolA| Yot F(species) I Aol&
UEH 7= shith. Kwun 5(2019)9] Halo Ak Zx]of
A 223t Leu. mesenteroides MSL129 4571 7V &
435t B-glucosidase BAZAS 711 Yokl AFSHS
=, ol Bavt p-1.4 94 28 7ML Qe 7IEER
B 2532 F2A7]= S4(Ahmed &, 2017)22 A1F,
AlA, 3te} 5 o8 At EofollA 8E L §lof & A+

Table 1. Identification of lactic acid bacteria isolated from radish kimchi

Source Strain Isolate bacteria Accession No. Similarity
Cubed radish &imchi K1-17 Leuconostoc citreum LC096222.1 99
K1-18 Leuconostoc mesenteroides CP012009.1 99
Radish kimchi K2-1 Leuconostoc mesenteroides LC096223.1 99
K2-4 Leuconostoc mesenteroides LC096223.1 99
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(A) 3000 - w0125
w025

2500 | 05

1.500
1000 | T

0.500

NF-kB activity (fold of LPS)

0.000

Control LPS LGG K1-17

1.000

0.500

® 3000 w01z
o 025
[ .
= 2500 [ 105
-
(=]
=
= 2000 |
£ T %
o *
£ 1500 N * w*,
5 T ORe* T
*
=
=]
p
(=9
=
L
=
=

0.000

Control LPS LGG K1-17  K1-18 K2-1 K2-4

2000 T * 4

(C

Ki-18 K2-1 K2-4

-

3.000 ~ WO0125
025
2500 | g5 1
2.000 |
1.500 * % *
1.000 * %

0.500

IL-6 production (fold of LPS)

0.000

Control LPS LGG K1-17  K1-18 K2-1 K2-4

Fig. 1. NF-kB activation (A), cytokines TNF-@ (B), and IL-6 (C) production in RAW-Blue cell by the leuconostoc isolates. All values

are meantSD (n=3).

Table 2. List of primer sets used in this study

"p{0.05 versus control group by student’s t-test.

Gene Primer sequences References

B-Actin Sense 5'-GTGGGCCGCCCTAGGCACCAG-3 Lee et al. (2006)
Anti-sense 5'-GGAGGAAGAGGATGCGGCAGT-3'

TNF-a Sense 5-TTGACCTCAGCGCTGAGTTG-3 Lee et al. (2006)
Anti-sense 5-CCTGTAGCCCACGTCGTAGC-3

IL-6 Sense 5-GTACTCCAGAAGACCAGAGG-3 Lee et al. (2006)
Anti-sense 5-TGCTGGTGACAACCACGGCC-3

A B2H Leu mesenteroides 35 GA| WA /&%—E—O]:Cﬁ]
o|&7Fs/0l U AR 7|HEH. 19 B
FHET=E /\P%% LGG #59] 7% hollA] AFet a4
= 9o= esterase(C4), esterase lipase(C8), valine
arylamidase, acid phosphatase, B-glucosidase, a-
75 HefiA = &4

S UetfidEd ols §4AF F fEEsasd 8-
galactos1dase°ﬂ 5 Leu. mesenteroides K2-1 w549t
o] FdHixTet TYsH B Kol starteri/ﬂ ARG Al
FAREAN o7 lactoseE Eolot] FEEUWSS 7H 4H|

fucosidase, @ B-galactosidase &

https://www.ekosfop.or.kr

A=t AN Al E80] 7R Ao E AbrEtHPark
5, 2021). 1 o] AEFF=2 alkaline phosphatase,
esterase(C4), esterase lipase(C8), lipase(C14), valine
arylamidase, cystine arylamidase, trypsin, @a-
chymotrypsin, e-galactosidase, acetyl glucosaminidase,

e-mannosidase, a-fucosidase, ¥ p-glucuronidase

T wolasse] tigt 42 YA 2T, 591 &
oA & o EH|== B-glucuronidase E4
£ Hzna} 22 4o AtEdo] oA F=3H o]
T Aol A A EFEAE AASA A of Bojst= ZoE

1087



Characteristics of Leuconostoc spp. from radish kimchi

4 A Qlol(Borriello 5, 2003), BE A #FE0]
QIAFQI B-glucuronidase 4 HHl5Z 2l 9)A|
oPHSH ARt W Z2uo| QEA AFE ST}
2oz 7lvdn

S"O _l
s

(¢]

—_

pas)
o

3.3 gdH LY Zf

20199 o] F AFoEMAA A= A7 5AF
71% @ 2o AAE vie} o] LFHlo|QEIA FRE
o] FA W Ef ofF-g EUske AS dashal A
(EBun &, 2021). olo] & AolA 283 =
422 EFSA(2012)9] ‘probioticsell tiet gAYA| B7}
7tol=gkel ol whak 8% A (vancomycin A|<])ol o
St WA BG o8BS =A51911, Table 39 1 Z23= A

rr

d RARFES

Aottt e AlddFE2 ampicillin, clindamycin,

chloramphenicol,

erythromycin,

gentamycin

streptomycin, tetracycline, 18] kanamycin &

FAIEN HisiA MIC %M EFSA 7]%A] o]stz %‘—*ré

#+5E50] kanamycin A o

2~
9% >

o] Yebgth, ey di
SfjAl= MICZEO] cut-off 7]7-:%;1'91 16 mg/L%
Hgj thAd £ UEAES UERZ|=
&3] Chon 5(2020)2
H3}2 2 07|= kanamycin®] S5t Leuconostocdo]
YAS 711 gtk sk,

o= & A

soict. olo} %

dFe 7€ 2

e YA W3 B7HETOA Leu
PYHETF 16 FFE

= H3k

Table 3. Enzymatic profiles of the Leuconostoc spp. isolated from radish kimchi using Api 20 zym kit

RECEEE

= AollA ARG
T+ 23tslct. $H, gentamycin®] o
citreum K1-17 52}
MICE]l 6 mg/LZ LIeu.

Enzymes Lactic acid bacterial isolates

Leuconostoc Leuconostoc Leuconostoc Leuconostoc Lactobacillus

citrium mesenteroides mesenteroides mesenteroides rhamnosus

K1-17 K1-18 K2-1 kK2-4 GG
Control - - - - _
Alkaline phosphatase - - - - _
Esterase (C4) - - - _ +
Esterase lipase (C8) - - - - +
Lipase (C14) - - - _ _
Leucine arylamidase + + + + +
Valine arylamidase - - - - +
Cystine arylamidase - - - - _
Trypsin - - - - _
a-Chymotrypsin - - - - _
Acid phosphatase + + + + +
Naphthol-AS-Bl-phosphohydrolase + + + + +
a-Galactosidase - - - - _
B-Galactosidase - - + - +
B—Glucuronidase - - - - _
a-Glucosidase + + + + +
B-Glucosidase - + + + +
Acetyl glucosaminidase - - - - _
a-Mannosidase - - - . _
a-Fucosidase - - - - +
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mesenteroides 37 F(K1-18, K2-1 ¥ K2-4)9] k<l 2
mg/LEt 25 =2 g2 UEWIT S5t olet 2ol
2 Ao ARERE BE dFES 85 A0l Hiek 1A
< YEo] P ISR, 5 ©RlolA A3A
of digh ¥zt wkgol €g}, Kang 5(2020)°] g3t vt
o Zo] thFEE9] f4ht=o] thdRt Ao digh WA A
U= 7HAL Qlo] AEdE B 754 2AEA &
< B7I6l7] Ao RieA] AP0 g SRIA S 3

¢
ofof & Zojct,

2l
Q.
o
5]

-

34. 884 TVt ¥ gAY 5

Probiotics= A &7 dlollA A&t} - W 78
o A EAE Yok st &850l R0l fido]
Qlojof sty & A Utk(Salminen &, 1998).

Table 40l AAGE AXH FHA A 23t 4372 Al
a5 FAHRTE AFRE LGGHS EF €850°] 8=
Ao &2 A4S UEle Ze=E gHH Ji
(2015)9] HaofA = Fote] i 9 ZA| oA gt 11
T ARt BFRolA FAul 85 YEthL His5ke]

ok E3 Yun 5{2013) 94| He ARERE 223 Lew

mesenteroides w5 FHE YEHHA okt B
Sto] ol A AN} [ALGH AF Aol
A B2 AZ4=RE BeEH fAEF F Pediococcus
pentosaceus®t Enterococcus faeciumO|~ A8 Ao
A FeFo] S0 E Yehe dut 88 A4S YER
Aot BVSHATHLIim 5, 2016). 13U dA7A=
BAZNA W= A AEEE bacillis 47 Sl B.
cereus KCTC 3624 w59} &o] oA 9o F5gio]
Uetts Hg &8 a4 UEhd ARle AY EiEA
UoktHLee 5, 2014). o3t 2HE=S EUHE A&k

=

2 A AZUolA HEey 88 42 YEAl &
Z0= yhEch

o2 Aldd3E9] Hed A= 430 it I+
24 ¥7he sl 11 AT Table 59 Uit
AN8#F o= Leu. mesenteroides K2-4 w57} 1%
FdwtQl B cereus®t Sta. aureus®| tioto] Z+zd
19.80+0.007} 20.45+0.00 mm9 AT Y=
4 o] 17.8540.037 18.904£0.04 mm2] JA TS &

Table 4. Minimum inhibitory concentration (MIC) values against eight antibiotics of Leuconostoc spp. used in this study

Strains

Microbiological cut-off values (mg/L) of lactic acid bacteria against antibiotics

EFSA guideline Clindamycin  Chloramphenicol Gentamicin

Kanamycin

Streptomycin  Ampicillin Erythromycin  Tetracycline

Leuconostoc 1 4 16 16

Lactobacillus 0.19:0.01°"  2.00+0.00° 6.00£0.00°

rhamnosus

GG

Leuconostoc 0.01:0.00  4.00£0.01° 6.00£0.00°

citrium
K1-17
2.00£0.01° 1.00£1.00°

Leuconostoc 0.1920.07°

mesenteroides
K1-18
Leuconostoc 0.05£0.00°  2.00+0.04° 1.75+0.00°
mesenteroides
K2-1
Leuconostoc 0.03£1.00°  2.00+0.00° 1.75+0.00°
mesenteroides

K2-4

16.00£0.00%?2  24.00+0.09°

16.00£0.00

16.00£0.00

16.000.04

16.00£0.00

64 2 1 8
0.05£0.00° 0.32+0.00 0.25£0.00

20.00£0.00°  0.02+0.00° 0.19+0.00 0.25£0.00

8.00£0.01° 0.05£0.00° 0.38+0.00 0.50+0.00

12.00£0.01%  0.03£0.03° 0.38+0.02 0.50+0.01

18.00£0.00°  0.050.01° 0.25+0.00 0.25+0.00

YAl values are meantSD (n=3). Different superscript letters (a-e) indicate the statistical differences determined by Duncan’s multiple range test

(p€0.05).
INS, not significant.

https://www.ekosfop.or.kr
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Table 5. Prevalence of anti-microbial and hemolytic activities among the isolates

LAB strains Haemolysis Antibacterial effect [inhibition zone, diameter (mm)]
@ B 7 Escherichia coli Salmonella typhimurium Bacillus cereus Staphylococcus aureus

KCTC 1309 KCTC 41028 KACC 10004 ATCC 6538

LGG =Y - +2 22.07:0.01% 17.20£0.00° 17.85:0.03° 18.90£0.04°

K1-17 - - + 19.450.00° 16.00£0.05° 10.02+0.00° 18.00+0.00°

K1-18 - - + 21.00£0.00° 14.10£0.00¢ 18.00£0.01° 18.25+0.02°

K2-1 - - + 12.96+1.00° 11.50£0.03° 18.10£0.00° 18.00£0.00°

K2-4 - - + 19.0040.01¢ 17.00£0.00° 19.80+0.00° 20.45+0.00°

- negative haemolysis.

2+ positive haemolysis.

IAll values are the mean+SD (n=3). Different superscript letters (a—e) indicate the significant differences determined by Duncan’s multiple range

test (p¢0.05).

ol PR LGGetoll HIsl =ot I+ 42 HIith
5t O S E coli®t Sal typhimurium®] HHaiA
T leu. mesenteroides K2-4 w5+ 19.00+0.017%}
17.00£0.00 mm®] A4AE-S HehfiGl=t, gtz
LGG+to] 22.07+0.013% 17.2040.00 mm 3 Hof 11
F SAAT=0 HiAE FARE 29 FHEHS ERS)
I Q2 ERIE & Ak o] Aot AASt] So &
(1999)9] A1+ALoNA Leu. mesenteroidess &5t
A|z3t BR|u|Yo] 7 FA9l B cereusSt Sta. aureus
oA I S84 E colR} Sal typhimurium®. ot =t
gdo| o ot YelY Leu. mesenteroides’t F+EA
of 7lofstal A2 AlAKSERT. 1 9 Leuconostocs: 3
#Fe FHERT LGGY 5YSHA| Sta. aureusel] HsiA
7t 18.00+0.01-18.90£0.04 mm W9 JA|THS Ko
TS B/t AT o9t T2 ZAF= Lee &
(2014)0] AF3t vie} ol Leu. mesenteroides d5E
o] AASt v 2] @ Al = citricin, mesenterocin < 1
HF ol tisto] S YEPdH L Halsto] o]y
3 ANES EUE 2 Ao 2% AddETE GA
HHe 2] @Al 52 Hofstal Sl 7Hs/dol Alol 4F «
FoA =2 T2 Yt HoEt

AANAM et A QAR S0 vAE o

3.5, NF-kB FAFOIR} BFAIS
7
32 dolry] galol WA NEBEEL Wol 23 »

CFU/mL)& 7 plated] 0.125, 0.259} 0.5 mL&Z A3}
= o, FA g7 (control) HH] 22 H4t 102.09+0.00,
100.12£0.03 281 97.31£0.01%&, ZE A2Fol|A
95% ol/de] SAEE UEHo] RAW cellof] tgt Al =
AL YeElA %9kth(data not shown).

FARES Z2HO| YA RA £320] HAAAY] 246}
= ole FIBERE 4EA 2G5, 2018),
WEHO 2= L. rhamnosus GGHO] NF-kBY| AadY
AAE SHIANA Y7 5= 2Ests 2= 4HA 3
°{(Zhang &, 2005), & A+ FHANETLZA AFHF
ool vlWE ) ARSI Fig. 2014 A Y Belgt g4t
F59F FAHZT LGGE RAW cello] A5t} wHa==
NF-kB/AP-1 HARIZS] &4 ALE 4% 23, ZE Al
TS FAYTF Hulste] SAZHRI /952(p<0.05)
08 2 &4S YU #i¥AZ 2 plated] 0.125,
0.252} 0.5 mL& A5l o, FA2|5- tiv] FAd=
T LGGE] 52 668, 4092t 329%C101., Leu. citreum
K1-17 #+= 572, 591, 331%, Leu. mesenteroides
K1-18 w5+ 518, 488, 331%, Leu. mesenteroides
K2-1 ¥ 566, 600, 435%°1A°H, 53|, Lew.
mesenteroides K2-4 #52] 7% 7206, 483, 310%Y] &
A= B, Ask AFolA =A YEs

£
Jdo
19
=
i

3.6. MEEANZE (Cytokine) =&
A EE o FAEZo] Ao FU=H 13} Wyt
5922 TNF-a, IL-6 52| Afo]EFIRIE EH|slo] o]& ¥
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Fig. 2. Effects of lactic acid bacteria on the mRNA expression levels of TNF-& (A) and IL-6 (B) in macrophages (RAW-Blue™ cells).
Al values are mean+SD (n=3). 'p<0.05 versus control group by student's t-test.

24 9T $+HPRIHGil 5, 2018).
AN ZE SN A HIST &
Hrret7] st Az24d =4 F TNF-
aQ} IL- 6-4 S FRlsto Fig. 20 1 ZFE YERY
Aot A, AT FHNEFL] Aol et TNF-«
WS FATL HusE 23t BE AlddTEL &
gt Z7= NF-kB 8493} 2119} 5UsHA A 5=t =
252 AT =9koH, Leuconostoc citreum K1-17,
Leu. mesenteroides K1-18, K2-1, ¥ K2-4 5 A&+
FE2 247 131, 136, 112, E 163% <22 YeRfSIch
ol % 59| Leu. mesenteroides K2-4 w55 0.125
mLE RA A5l o e o5 o] =% FHE
T LGGt HW AL B =2(163%)2 UERASI
Est 155 AYSIAS W Leu mesenteroides
K2-4 #F+= FAHRF LGGE H|wotR S o FA =+
o] Z+7F 148%2F 121%2 =2 TNF-a B4FS Uet
k. Gil 5(2018)° =W At} 7SR 259
3 Hlgo] 1:0.252 W& Aol TNF-¢ A/g%o] &ot
2 AT el fARE B3 Elth E3h Riina 5(2008)
Ao w=Z™ QA7F peripheral blood mononuclear
cellPBMO)IA AIEZRR] BAkE RS 4= U= XH 9
g 2jots A7st] flsl, AZE Aokgle thet v
of= A3t A, B HE 2o} TNF-e A4k %1:1—5“
i, Leu. mesenteroides @57} 7V 7383t FEATH O
o, B ALATNA Leu. citreum K1-17° 8|3} Leu.
mesenteroides K2-4 &7} TNF-¢ /4 Hof 2 A+

https://www.ekosfop.or.kr

21} FARE A3k Btk 181 [L-69] S &4
St AN Leu. citreum K1-17, Leu. mesenteroides
K1-18, K2-1, % K2-4 AddFE& Aol A=st
RS o AT ofu] 42 299, 349, 628, ¥ 1,132%2]

= UErSl=T, K2-4 4529 3% 546%= R
A LGGHFol Bl BAA /9 #E(p0.0528 £
AAE Yetfo] HEHO0 R [eu mesenteroides K2-4
dFE HISH 7152 7K FFE A5 flsto] T

94} e slaign
3.7. mRNA R&X} 25/5F S&

AW ol fAEE A4S HolA AloE7I
3 S7he "IN A4S S = 9T oh=T,
T fARFE2 ARIEZR] B 5718 SXIAA, Y
249 T4 8IE 2=t B9 217t 3ltkYoo 5,
2014). ¥A ST AT F
K2-475= macrophage cell& A=A 2.2 cytokine
y850] 7P =S8k=d olol tigt TNF-e2} IL-69] T
HATFS real time PCRE AME61] mRNA G520 4
st 71 AIE Fig. 201 HE AT TNF-¢9} IL-6
RNA &&= Leu. mesenteroides K2-4v-F5 A
o FA 2 tH] 5214 (p<0.09) 28 =& B4
Helon o|e} 22 Av= whil g o] Wy Auie}
F2ch o]E AR|EFRIES Kiemer 5(2001)2] E
U2H TNF-e= Thl AlX 9 AN 25 E A=
T 4 o HAA|ZE A=s510] WELe] E4 5

Leu. mesenteroides

i)

glo

[

1o |
=]
Z,

)
ol
38,
filo

}

&ngo
=2 oo
ol

r
_I%"
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2 SF= chemokines HH|5HA o WE@L9]
LI % 3 HUAIE AATHL stof o] AlE7RIE

&0 % TARZQ} BAIZE A=sto] AU HIA A
£ SASAA "ESAl 7190 & U A CE AtrHTh
3 10| -= Leu. mesenteroides
7 BIE ERIEA] Eto,
mRNA oM H954 ads Uetfiieh E3h 2 A
oM B2 AlE =4 B7IollA 2} plated] 0.125,
0.252F 0.5 mLE AZstHE o FA 2 (control) ]|
Z+2F B 102, 100, 97%2 5525 A AstHe o
live cello]l F3= o] E4Jo] BojAA AskoA HY
20| =4 Yehd Ao s wdHr

T= TR NN -8R LeuconostocS] +F
A2 AR {83 FFE WIote] AAFtstr] S5
P =d ]% Leuconostocs: 47430 §488 E
= THHEF LGG
1"&: A8 B7toA BE AddEE
= ‘?ﬂ}-ﬁ]‘?ﬂ_’ Q*o‘: t‘e%}é A7=4 A4 Ao 8-
glucuronidase = 23 QA 49k, B-1.4 B4
23S FYA7)E B-glucosidase BAEAE UER O]
A&, AA, ket 5 o8 Aty EokRo] E8A4S 7|HE
T Q= S RSt itk Eg AldHTEol gt
A WA BrHEaate 8% A=l s MIC ol
EFSA 7]&A] olstz A4S HEh T

S84 4 A 2T, 439 AR FAUERATE
AHEE LGS BF §85°] e Art 88 a2 ¢
B, B R 4500 tiet FoE daeiA
Leu. mesenteroides K2-4 57} B cereus?t Sta.
aureus®l ot 2+ 19+£07% 20+0 mme] AR Y
Bl =, ole FEHEFYU LGGHEH 2 °oL‘—+-ng 73
S EYt g RAW cellof] AlEH#FES A58
o NF-kB/AP-1 AARIALS] L= E GAS7} Xi
g 5Lt FE5E T EH R FUI6IRlH. o& Al
Z=0] oeff ASAMNEE F TNF-a2} IL-69] B
A A9 AY 527t 2505 =2 32 Ede
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9|, £3] Leu. mesenteroides K2-4 #F= BE £
A oE FFE0l Bls F3e AelE HA Eeh, mRNA
T2 TNF-e9} 11-6 EAF A A4 {osE
(p€0.05)2& =2 Z4S AsLolA Astas o |2
H(p<0.05) 22 =2 72 UeSith TetA ol 435
o] EH[3 AO|EFIRIES TAIZS} BAIZEE AH=ote] A
AAAAE S A HHFH0] 710 = 3l A=
Atz

SF o7z B Ao ARSIt BE Jeuconostoc W
2 8484 /o] ERIEHSGI=E, 1 F Lew
mesenteroides K2-4-F7F w2 UG5 Ko, &
T W9 75 NS AR A7s
A2AEA F-E&5HA ol&E & U ALE 7|tiHTh
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