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Isolation of Leuconostoc and Weissella Species Inhibiting the Growth of Lactobacillus sakei from Kim-
chi. Lee, Kwanghee and Jong-Hoon Lee*. Department of Food Science and Biotechnology, Kyonggi Univer-
sity, Suwon 443-760, Korea — Kimchi is a group of traditional fermented vegetable foods in Korea and known
to be the product of a natural mixed-fermentation process carried out principally by lactic acid bacteria (LAB).
According to microbial results based on conventional identification, Leuconostoc mesenteroides and Lactoba-
cillus plantarum were considered to be responsible for the good taste and over-ripening of kimchi, respec-
tively. However, with the application of phylogenetic identification, based on 16S ribosomal RNA gene
similarities, a variety of Leuconostoc and Lactobacillus species not detected in the previous studies have been
isolated, together with a species in the genus Weissella. Additionally, Lactobacillus sakei has been accepted as
the most populous LAB in over-ripened kimchi. In this study, Leuconostoc and Weissella species inhibiting the
growth of Lb. sakei were isolated from kimchi for future applications to do with kimchi fermentation. From 25
kimchi samples, 378 strains in the genera Leuconostoc and Weissella were isolated and 68 strains identified as
Lc. mesenteroides, Lc. citreum, Le. lactis, W. cibaria, W. confusa, and W. paramesenteroides exhibited growth
inhibition against Lb. sakei. Most of the strains also had antagonistic activities against Lb. brevis, Lb. curvatus,
Lb. paraplantarum, Lb. pentosus, and Lb. plantarum. Their antagonistic activities against Lb. sakei were more

remarkable at lower temperatures of incubation.
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AR A HaE ER2] A 5E 7AA FA]
ok R $7)0] AHoEHA At FskaL dF-gAke] o
ot Fu|7} Do AAl et ARtgA o] o] A elA]
= gL A8 544 dAst F4] AlFE Aake] o
7] el F4 573k} I 7PA71ZE A A
o] A 9 5718 A9E P & AR dF
HRIL29], A3 AAke] EASRE A XL R i3}
T HAES 3R Aol Fu|E 7] 7
717k AR 7B e A7 A=A ol

WA AL, dAE], agkA g eh 22 Ed whE A
|35 A3, B8 27 v ASAsE B8 gE Ay
B3} Bu=Egel3, 4, 17, 19, 34, 47, 51]. 2384 E214
Aol oJgt T4 Asle} doF £4e] 7leAdol Az, A
FAk| whE AAE S A = odu A=A 3
5 59 HAFZEE(13, 23, 45, 53], sorbic acid 52
AlFRER 7AYo &3 52 AUk Aot Al
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=1, 15, 22, 30, 43, 44]. 28y 2 &3} v)0)s}
At A7V AA7E AL = 73 Bt el o8] 713
3R] TR Al Ao vhehdel. =3t A EEAel
A E AR A= AlFRERS] AMS-e] EHA] o]
ol AR A8 BV 2o E Als s

olzjgt Ee]H, 3}5HH XelE o4t AALE Aloje} &
A Et(starter)ys ]88l AALREZ A3t A7
o A E T TS 83 2] AFelME AAEE
uAEe] He] 9l oste)] tfgt FE3F XA e] FHR A X
3 Aol Ao HEHE nAES HL31AH10, 36,
50]. ol & ATFolAME S Hbel o 2 2] a9
A or SA7|7He] 5 FA g3l dgk rhsAds
It 4= A, A AR A A= 777
A2 =] o).

ZAx]2] Adslel A AAEE I vl g AT
7} BAZ o 7 AP ube} Leuconostoe, Lactobacillus,
Lactococcus, Streptococcus, Pediococcus 42 FAHTS-0]
AR Ee| FHesie= AP o] WAL, Leuconostoc S
g x7)d|, A&7 o] Foll= Lactobacillus 450] =2



AEEE A2 BaFH 37, 40, 41, 49]. 53], 2"
Leuconostoc 4 5, -2 57} Le. mesenteroides®- 573 =
A3, BE 7)o HEE = Lactobacillus <5 Fol| A B2
57} Lb. plantarum®E §7=e], hetero R AR Le.
mesenteroidess @22, homo WEI AT Lb.
plantarum-> A2 QIAEHH37, 41].

olglgt v EATA AHE EYE Kang 521 Kim
5126-28, 331 AAZKE Leuconostoc & 555 &
g vy, E Ol E FIAIA WA Wo|FE Aldelal,
o5& TToE FAE Axdl BA WHIE A=
F2] Al o8l 714k A Lactobacillus 4] 3
Zro] A|AEe] 71477 e] AAE L o] FolAl = AL
2 Rusielot. sk HE $7)d ST 714k A
< Azl A= WA BR9] Ao R whAslh
Kim 524, 25]< eta9°2 fAklactic acid) ZAH
(acetic acid)yS ©]-83}= Saccharomyces < 25 H2]3}
of Fdo® AUt Ad, aRIF {7l S A
A AR 7717 AAEa AR S S
7= Aoz B asledth 3k WA Leuconostoc ¥ ol
5 ane} 3 oo Akl AE, 2 &3 Azl
T B s9es].

bR A SFE-2]] bacteriocin A FAMTS o] &3
Lb. plantarum®] ASA 85 F3led 7X]2] 727170 9%
3= A ESe] =T 71X 2 5E] Ee)3} bacteriocin
A4 Enterococcus 3 75 ST E A43F A, 7|77
AAbel] &3k o2 ¥ VEGTH42]. 22} Enterococcus
&2 ZIAUF A ZR|eh= vFe] EA] kon, AEA
WAdell o8t 2] P o] ARE L Qo] AAEEE 9
3 FHoE s A g2 o= AkmEHle, 18] =
8t Lb. plantarum®] A5E GA|3l= bacteriocin A Ad
Leuconostoc % 7} £2]=] bacteriocin®] §4o] 173
=8, 54], ¥2¥ #F F Le. citreum GIT 55 3
AA| Zol| H-E-3t A, g AeH BT 7P| o
Ay, Fe] WEZZE F AEH] S B9l

AR 8] 7747164 S FEE bifidobacteriaE 73|
Zol| ARE3kgl 2t6, 7, 31], bifidobacteria®] 717} 5
oz peie oA sle At =EEA ZSa,
A7y w57 wEe] 2l o} Fhagiols FAIA o] Al
71=194H6]. Choi S[111 S 54 5! 714712 o
A& f3le] frAkS A1) Aol &g A ARES)
93, 394 Lactobacillus sp=E FA]ol| H7}sld 00}, Az
o] Z1x|o] A} wiA] ¢kom WeAde] =R o} A
4 A8 7L B2 HleR Az

A7 Bagl A P S A7 1) 2A A
=719 S THoE H43 A7, 2) WA 15
o]-g-3lo] Abefjare] AAS A|of3te]= 9, 3) bacteriocin
AL FFE o] 83l MR F7] AT S-S Aol
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£ AT, 4) 2 9 AAISA T, W B, A1 B9
o) P5HS LT FRS 449 AT 502 gok

T 9o, 7t AT AAIgE FRE o= AE G A
o= Alg¥o

g, 16S rRNA 3121168 tDNA) 97149 o] 43t
A Eq7E el okt fARE el W3t
HhAsld AL, oA 218l AALE A= Ak ATl
= 20004E 713 e® EAH R vied=7] AR £3
Collins %[14]°] Lactobacillus < 45} Lc. paramesen-
teroidesS Weissella 422 A E-73F AFA77} AR
n = Aol vked=e] Leuconostoc &3 of Et
Weissella 4-0] A& Z7]9} 57| $3& 2X|s)aL
9lom] H&7] o] Foll= Lb. sakeZ} I AFAI}
B ESITH38, 39, 48].

olgigt AAE I v|ETFHS] Hol W $HZol o
g Heude] Wbl = B78kar, I3 Lb. plantarume
Al ] ez Al gloH, el =2E A
g A vAE QT7EHAE WedEkA] Xk lHH, 42,
54]. =23 A7t Fab A7l 488 2= Choi F(12]
o] AAME 2719] wAEFAHEM S B3 Lo citreum®]
A4S BlEla WA Le. citreum 45 FE]3ted A
LR T o ARl A ke EFsar, WE F7)of A
A3 i EAH FANE L. sakei®] 55 A 3] 7127]
7+ s e dTe A== v lok

2 A7AEE AT AT BRAA 9 SR EE W
HEe =yor Wske ZAEE 39 A7AHES vl
slod, U F7)¢] 9AHFoR duRl Lb. sakei] A5S A
&= Leuconostoc W Weissella & TFF2] AL A| =3}
o Lb. sakei A35A3l w72 EAE el

UXIZ25E| Leuconostoc ¥ Weissella 25
st 22, ik ¥ S8

Leuconostoc 2 Weissella < AT 22]5 213 7A]
AlZE AlFe] dntEeA Y33t A4 =
2 st A=22 A, IHES TR
e 7hete] E3ist F st 4 NS 7 £
g v, single colony?| #2)7} 7Fedt =2 A A
2 3]43}ed MRS medium(Difco, USA) % leuconostocs
selective medium(LUSM)[2] 1.5%(w/v) 3E-& 718 32
AuiA|ef] E=E}AL 30°C, B]E7] 2710A 24R|7F oo
o 7 wiA A A s 5, A4 Bofe| Zfelrt
e ookt A s O T wiAE o] 88t &
a8 snh FeEEst 752 MRS medium$ AH-
3led 30°Col|A] whekslodet.

zF wj Aol A E2]3} bacteria= 16S rDNA 37149 24
o o) Aty o2 FASIT}. 16S IDNAS] FF-

y B
!
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DNeasy tissue kit(Qiagen, Germany)S ©]&3le] FZ&3
DNAZE- PCR 3}74} colony PCRS F3le] 3)313] 1L,
bacteria®] FFol| Wo] AFE-E & eubacterial universal
primer 27F(5-AGA GTT TGA TCC TGG CTC A-3)¢}
1492R(5-GGT TAC CTT GIT ACG ACT T-3)& A-&3}
9©H35]. UNOIl Thermocycler(Biometera, Germany)S
PCR 8k AR831930m, 50 uL BFAlell= template DNA,
100mM dNTP, 1 U Taqg polymerase(Roche, Germany), 20
pmol®] primerE H7FFAATh RS2 95°Cel|A] 54 o]
Hl7kd ) 95°C 18-7F WAL, annealing 57°C 1%, 72°C 1
+ FERRe] A S 308] wHESRaL, upR| el 72°CelA 5
2 AzEt F ike-E A3 PCR HESARES 0.8%
agarose gels ©| &3t A7|dF oz Flslalom, 16S
tDNA =7]ol %3} DNA bandE Gel & PCR purifi-
cation system(SolGent, Korea)2-2. 3|4, A A st A
5w d7IMI2ALS A (SolGentpel] 2] 2|3e]
i, AAE 971492 NCBI(http://www.ncbi.nlm.nih.
gov/)9} EzTaxon server 2.1(http://147.47.212.35:8080/)]
=5 gGrIMd ARE JALCZ nucleotide blast searchZ
E3l Aoz FA3IT. Databaseel] 5% &
T (type strain)2} 78 2 A4S ehlie ER
(Taxon)S- 3" G714 Yel sld3}= bacteria® ZA 3191}

% 2580 AAZHY £Ed 555 ATy
o2 FA3 A3}, Leuconostoc -2 14875, Weissella <
= 2307F7F R E, & 3787 F7t w7 SARENG
(Table 1).

Lb. sakei MFXH|ENH EF Leuconostoc X
Weissella & oF M

ASA A B n AR RS AlEde A, B2
ATFAEE A EA e gels At WA A EFE 71
7|3 2 HE] Hopitol AYS Y3}, 8, 42, 55]. L
2 n|AE2e] A3 F(species) B TR= T(strain) &
o|Hql Ao vepl: A-¢7F vidsie oebi] £ o
TAEE A TTE AAZHE FEjsle] A5 Eegs o
2 Lb. sakeiE FHT CKOIS5 75 AAHFRE AlE-3}
oy Leuconostoc X Weissella 422 TA % 378852 A
Al A S-S ARSI ke AATFE o
10° CFU/mML 552 343l MRS 3Eu)#|ol] 200 uL =
ate] ZZ2A1Z] vhg, oF 108 CFU/ML 29| AgiTE
ol S o83l FAAFsle] 30°CellM 24417 vk ¥ A
SAA 3] A 2 ASA S-S el A
A A5k A o] Bel¥ TF= agar disk diffusion method
[5515 °l83le] AT ASA S-S Al

Leuconostoc & 14807, Weissella < 230052 Lb. sakei
ASANEN S HES A, Leuconostoc % 23T,

Weissella < 450F2 % 68757} A= olck(Table 1). 3
25 71 22 wxE2 22% Leuconostoc <5 5=
Le. mesenteroidesZ 88077} #2=RAIRE 10%2] &7}
A2 eI, 11857 229 Le. lactiss 10T
F7F A S 7L Qo] TP 2 =R A
AL ep il Weissella 4-2] 7Z-5-ol= W, cibaria?} 7}
4 we] EEEN, BEE B IR 33EFE M
@2 a7F A=Y W confusa’s 3157 EEEH A
oh, 11757 S eblle] Weissella SolA 7 =2
35%2] A =E vetudot. 8- W koreensis= W,
cibaria TR 2 W2 63 457} EE=EH AR, S
epd I HelER] dodet b, sakei®] ASA = Le
mesenteroides, Lc. citreum, W. cibaria, W. confusa®] 73 -5
o= o5 HeolX dAew EMEANL, Le. lactis®] 7A-F-
91%°] FEZE AFA NS Je L W koreensis®] 73
el 63 TF FolA AFAE Kol a7} $lvhes
S s F(species) ol A2l A=lH SA4RE 2
= A7} e Aes FAsIT

M@ F9| Lactobacillus =
o7 dFXsiES

A EE v el Hgo= uiezl ZAUE §7)9
A EFA L Lb. sakeZ} 3T Ryl 5 o] F
QAR "y, Lb. brevis, Lb. curvatus, Lb. paraplantarum, Lb.
pentosus, Lb. plantarum3} Zx-& Lactobacillus 4 A=
T3] HEFAL vt webA Lb. sakei CKO155 7 A5
Al G S el 6882 Lactobacillus 4 FAHF A5
A FA S agar disk diffusion methodE- o] 83l ZHES}
SAth(Table 2). A4 3|42 HEE x| W3] 7
Z5= o2 deA 7% Lactobacillus 4 FAHFS] 25
TFF(Lb. brevis ATCC14869", Lb. curvatus KCTC3767",
Lb. paraplantarum ATCC700211%, Lb. plantarum KCTC3108",
Lb. pentosus KCCM40997", Lb.
KCTC3603", Lb. sakei subsp. carnosus KCTC3802T)=
giAke ® MAsI AL, o] 5 EFAFTE-2 Korean Collection
for Type Cultures(KCTC), Korean Culture Center for
Microorganisms(KCCM), ATCC the global bioresource
center2FE Y3l ©]5 TFE= MRS brothellA 30°C,
247)7F Aujokst o oF 10° CFU/MLY] FE2 3]4 sl
MRS g u)#|ol] 300 uL =233, AxEE Add
paper disk(@ 6 mm, Whatman, UK)E 22 %3tc}. Paper
diskell 2F 10° CFU/mLS] $=2 553 Ao vk
40 WLZ A7, 30°ColA] 24417 wlekahe] A5AA] 3t
o) WAL Felsklet.

Table 20l Lb. sakei CKO0155 &4l &S B 5
68785 7% Lactobacillus 4 F5 W3 WS4 )

sakei subsp. sakei

eI



e THS IEsle] 4k AR, a5l o=t A
SAse] 2~H EfJe ofzhe] Aol YA ATE
F5o] Lb. plantarumel W3l <3 A5 Hepda,
7% Lactobacillus 4 A A8l frAFsE A A A9
EFHS 7IA2 gdet. AE Leuconostoc & #F =, Le.
citreum 205, Le. mesenteroides STT7} B X A4l o
Sod ARANE Ve, wE AAEe] 4SS Ashel
= Le. lactis 5 WATR] ook}, AE Weissella <
45752 73l= W confusa 105 A|L)3F 25 w57}
7 AT 2ol el ASANIIE BHIT ek,
Leuconostoc 5 R20R= Weissella 4 T55°] ot4 22 A
SA &AL 713 9dlvH(data not shown).

20| U2 Lb. sakei M=K 3l

AARET2] Lb. sakei AEA 3l ] X]= vl ofexo] f
FS- agar disk diffusion methodS- AM83led Elsloict. A
W oFgt | AlFF CKO155 #5575 <F 10° CFU/mLY] $ =2
MRS g uj ] o]l 200 uL =2ste] 2217 -, AbdE
paper disk(@ 6 mm, Whatman)E &8 &3}tv}. Paper disk
o °F 10° CFU/mL®] F=2 53 ARTF wiFd 40
uLE AH7Ble] 10°CelA 5%, 20°CelA] 4, 30°C ¥ 37°C
o[ M= 2d 7t wioFsle] AYEA A &h(clear zone)?] AAS &
Qlslsich(Fig. 1). ke whE ASA A v|wE Sl &
T Table 19 AAIgE 5 AF-E do= Adeste] ALE
st

A= Lh. sakei ASAMNEA B Leuconostoc 2
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Table 1. Numbers of strains inhibited the growth of Lactobacil-
lus sakei CK0155 among the Leuconostoc and Weissella strains
isolated from 25 kimchi samples.

. Isolated Selected
Genus Species . .
strains strains
Lc. carnosum 1 0
Le. citreum 34 4
Leuconostoc Le. hf)lzap.felii 13 0
Le. kimchii 1 0
Le. lactis 11 10
Lc. mesenteroides 88 9
W. cibaria 123 33
W. confusa 31 11
W. hellenica 3 0
Weissella W. koreensis 63 0
W. paramesenteroides 1 1
W. soli 8 0
W. viridescens 1 0

Weissella & 752 ASA5] T3 30°C 2 37°Ce] =&
BEF 10°C B 20°CS] ALl s vhelstet, 2 A1
oA AEl Leuconostoc X Weissella < 1552 #]-&nt
8 AAAAM HAEF AL 9l Lb. sakei =3F A 2EE 712
o] $A-HFoR Hux3 Qlh BT ol Lb. sakei=
2~4°CAME AF3he A2 HIHIH20]. Wb v
2ol A Lb. sakei®] A5A 37} TS vebd A
Fre] AF-E5E Apolof] 2|7t oJgfe] ohzt, WA E2| A
Ayo] AR B2 oA ASASEA 28t Lb. sakei

Fig. 1. Effect of temperature on the growth inhibition of Lb. sakei by Leuconostoc (A) and Weissella (B) strains. The growth inhibi-
tion of Lb. sakei CKO155 by strains Lc. mesenteroides CK0241 (1), Le. lactis CK0352 (2), Le. citreum CKO0496 (3), Lc. citreum KM1207
(4), Lc. mesenteroides CK0122 (5), W. confusa KK0655 (6), W. paramesenteroides KK0717 (7), W. cibaria CK0235 (8), and W. cibaria

CKO0487 (9) was measured by agar disk diffusion method.
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Table 2. Antagonistic activity of the Leuconostoc and Weissella strains isolated from kimchi against Lactobacillus spp..

Indicator strain®

Identification Strain® I sakeispp. Lb. sakeispp.  Lb. Lb. Lb. Lb. Lb.
carnosus sakei brevis  curvatus paraplantarum  pentosus  plantarum

CK0496 + + + + + + w
. KKO0512 + + + + - + w

Le. citreum
KKO0518 + + - + - + w
KM1207 + + + + + + w
CKO0352 w + + - - + w
Le. lactis KKO0831 + + + + - + w
KK0947 + + + + - w w
. CKO0122 + + + + + + w

Lc. mesenteroides

CKO0241 + + + + - + w
CKO0235 + + + + + + w
W. cibaria CK0487 + + + + + + w
KK0720 + + + + + + w
KKO0655 + + + + + + w

W. confusa
KKO0754 + + - + T + W
W. paramesenteroides KKO0717 + + + + + + w

#The strain number of strains isolated from kimchi was arbitrarily mentioned and some representative strains are shown at this table.

Antagonistic activity: +, positive; -, negative; w, weak.

"Type strains, Lb. brevis ATCC14869", Lb. curvatus KCTC3767", Lb. paraplantarum ATCC700211%, Lb. plantarum KCTC3108", Lb. pento-
sus KCCM40997%, Lb. sakei subsp. sakei KCTC3603%, and Lb. sakei subsp. carnosus KCTC3802", were used as the indicator strain for

activity determination.

o] A7} o A vehd o= FAEH.

[

a

A AR PAE B BT A2 Eeh ¢
S 713 Fol Apolol & 2L 1) 23 ol HAE
o PALE 7] 9 95719 $AFololo} 3}, 2) A4
Aol A, AezhE Hoddh= hetero W& fAkto] Xg
sjof. w3 3) RS AT Sle] R F17M At
3, 4) AALE —.—7]°ﬂ A= homo ‘”Eﬁé Lactobacillus
4 fAEe] A4} 2B
SRRy

B oA ALE Lh sakei BSA AT B Le
mesenteroides, Lc. citreum, Lc. lactis, W. cibaria, W. confusa,
W. paramesenteroides 5 A28 71x]9] 7] W A
7ol HIHs] HAE=, hetero 488 Akt o] &2
WA obA AEHA] iR A E F7]0 s}
= homo &3 Lactobacillus < AT A2 S
AT Qo] AAEE FELE AHE o] BT 27
£ 3 3P 248 203 gel F)e) 22§25
R i
oA HEET gl HE Telshd, ALEES 1b
sakei A% A2 o1 Aol 2 vehbe 1o A1H

oy
N,

7}

Hgol wi- feElgt B4 o] shE Alssd sk, Al
TFE0] MEFY] Ao ® deA Lb. plantarumel] o
3] ofst A5A S-S HeRHAA R, A2 & 71X of| A
= 98 el Lb. plantarume] AEFA] =v= 29
AR S w2y Lb. plantarumel| 2J3F Absle] 33k
719] gl ez FAEIY[32, 38, 46, 48, 52]. ?‘fﬁ% o
TellM A 68FFE T, WAk o] vt S Al
sted ASA NS B D 2872 sk, 7‘?] =
SAHS AP oA A o]
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