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Abstract

This study was carried out to obtain basic data for the industrial use of Weissella koreensis
and Lactobacillus sakei. The antibacterial activity of supernatants obtained from W. koreensis

and L. sakei were tested against pathogenic bacteria such as Escherichia coli KCCM 11234,
Salmonella enteritidis KCCM 3313, Salmonella enteritidis KCCM 12021, Salmonella typhimurium
CrossMark KCCM 40253, and Salmonella typhimurium KCCM 15. The supernatant of L. sakei showed

click for updates

antibacterial activity against E. coli KCCM 11234, S. enteritidis KCCM 12021, and S. typhimurium
KCCM 15, while the supernatant of W. koreensis showed antibacterial activity against E. coli
KCCM 11234 and S. enteritidis KCCM 12021. The effect of pH changes and heat treatment on
antibacterial activity of the supernatants was examined using the sensitive pathogenic bacteria
Citation: Im HN, Moon JK, Kim WS. 2016. (E. coli KCCM 11234, S. enteritidis KCCM 12021 and S. typhimurium KCCM 15). Antibacterial
Antibacterial activity of supematant obtained  activity against sensitive pathogenic bacteria was maintained under heat treatment at all
from Weissella koreensis and Lactobacillus sakei temperatures, but there was no antibacterial activity associated with pH modification. Furthermore,
on the growth of pathogenic bacteria. Korean . . . . .. . .
5 i ; ) it was confirmed that the antibacterial activity of the supernatants obtained from W. koreensis
ournal of Agricultural Science 43:415-423. | | I I i i . il
and L. sakei was a result of organic acids including, lactic, acetic, phosphoric, succinic,
DOI: http://dx.doi.org/10.7744/kjoas. 20160044 pyroglutamic, citric, malic, and formic acids. Therefore, the present study showed that the
o _ organic acids produced by L. sakei and W. koreensis exhibited a strong antibacterial activity
Editor: Ki Teak Lee, Chungnam National | I , , , , ,
Universty, Korea against pathogenic bacteria. Moreover, in the food industry, these organic acids have the
potential to inhibit the growth of pathogenic bacteria and improve the quality of stored food.
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oF7| gtk (Marteau et al., 2001). ©]2{gt ATtof| oJ5to] Zfjof] B o]
1 4290 7+ A 5ol AT &= Qlrt. tLo] %*HEL—J HEo Wy

S HojzaA m72Y, dE2r]et Ao S FHAIE 7HsAo] w2 AR dEA lth(Majamaa et al.,
1995). whabA] fatE-2 Aol A fafln| e 2] S AAste] 252 E HH|EE q5] 2452 A4S oA
stal, AFo] o] A %‘J S WA]ok= EAS 7HA 2L Q) th(Bouhnik et al., 2004).
B

FrARFE S I Soll A ES A5 B2 A7 adhs tiAMEE =R E 7] 15k Qi o] 27t tiAE4
S fAhtatt 559 547 755 AW AL )itk t B A1 Ao tiAEd = 714, HIE, =9l
gH| 2] @ 41-S 9|2 & 4= I tk(Klaenhammer, 1988; Lindgren and Dobrogosz, 1990; Corsetti et al., 1998; Ryan et al.,

=
2008). fAFFoll oo FH| == F714E 5, 7P Eo] A= fARS frdol fratatell ool R = A oA A
AFEICHHugenholtz, 1993; de Vos and Vaughan, 1994). 54F2 $17of| 4] QAHE RIS 24510, Adoio] Bu] =71
T} 7‘“4194 A S ST A 2ol A B As-25= St 3}04 25 FXA71 L, iAol A= Ao &
S A5 A} HH| 2 o5} ghth(Femandez et al., 2003). F3F, A ZEAH] Bolol A= GAHE G of] o]gt A&
Q HEA P GARS HIRe A ARl o3t B 31, AF=4 5o A= A FaludEY] quﬂoﬂ
9 73, vt 22 f-8-E2d 0] ool ot Y B AAFH 8 NE A 0 &2 o]-§ 51 QTH(Park and
Chang, 2003).

Weissella <5 w2 Collins et al. (1993)©] 16S rRNA 7| X Feof| o3i4 7] LeuconostocT} Lactobacillus 52 2
HE AEA 22t} Weissella %5 w52 Fatatoll == 5 Ao R Holtt. Weissella % Tt
Az et Z-2 e arol| A T2 WA ET TebA] W koreensisi Lee et al. (2002) 2 2FH 2o A 25 AL
o] K115t 0w, 11 % thE A7At=ol &JoiA] 10T olote] Aol A -3E-5 HeEbdTEaL 51 TH Cho et al., 2006;
Lee et al., 2010). 3+ Lactobacillus sakei= 7 X2} -2 23 Hr g A Zof| A 2 AR = 17 oFg o] AL JA]
°]TH(Chaillou et al., 2005). Kim et al. (2004)= QX 25H L. sakeis 2|5}, Listeria monocytogenes= A5k
= S-S HIokqTh ESF Lee et al. (2008)2 W&ol of 2 A& AR A o= At x4 L.
sakei7} Ad 0 2 okl HISEATE W, koreensis@t L. sakei7} AR oA 7H HIH 5] HEL = 84D

tl

B rPN

s
olN

TE

Total ORI 7HA] o] & Al B A Tl 2o s e E dtEd EAofl TS A= A vlge AA
oJtt.

mrepA] 2 A= YA vAE ] A Aol iRt L. sakeilt W. koreensis B 0] @&/ ol thsl| Al Ao}
act
AT

Materials and Methods

=
T

BAEERl Lactobacillus sakei (L. sakeiy= (5)2F] 28] (Anseong, Korea) 0.2 FE] FFHro}l Addof Al-&5}% Tt
18] Weissella koreensis (W. koreensis)= ()42t El(Gongju, Korea)2] T 2|NA]A-H AlE-& Y 5ke] Ao
Arg5t Tt U2l Escherichia coli KCCM 11234, Salmonella enteritidis KCCM 3313, Salmonella enteritidis
KCCM 12021, Salmonella typhimurium KCCM 40253, Salmonella typhimurium KCCM 15+= 3t n| A S H Z A1 g
(KCCM) 278 1-9d5to] ARg-5hdTt.

H 2|
L. sakei®} W. koreensis 2] Bl %8l Z]+= De Man, Rogosa and Sharpe (MRS) broth (Difco, USA)E 4185ttt B¢
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Ad < E. coli KCCM 11234+= Luria-Bertani (LB) broth (Difco, USA)E AH8-5t511L, S. enteritidis KCCM 3313, S.
enteritidis KCCM 12021, S. typhimurium KCCM 40253, ZL2] 1L S. typhimurium KCCM 15%= Brain Heart Infusion
(BHI) broth (Difco, USA)E AF&-5FT.

S42 92 2UIS2

W. koreensis?} L. sakei~ MRS brothE ©]-&5}¢] 30°C Bl ¥7|(Vision, Korea)ol| 4] 48417t vl oFsl 3t v oFo] &
W FlS A5 f1ell A1 2027 2] =, YAlE-2]7](Hanil, Korea)= 4°C ol A] 4,000 rppm 2 2 2527 A4 =] 519
A1 71 AL 0.22 £am Syringe filter 2 DE|F5}0] -20°C o]l W HykstA A Aol A5t

.—“~

Paper disc'Ho]| 2|5t &t
L. sakei®} W. koreensis 2] ¥ oFl o] ¥ dtoll et A-8-A| 58 o2& 2R1517] I8l|A] paper disc S ©]
|51t HE 20 mL 2] LB agar (0.7%)2} 20 mL BHI agar (0.7%) S 50 C7HA] 55 W5 5 212} E. coli KCCM
112342} Salmonella (S. enteritidis KCCM 3313, S. enteritidis KCCM 12021, S. typhimurium KCCM 40253, S.
typhimurium KCCM 15)7-& 50 1L Z5te] 218 £ X171 9 petri dishol] F-o] 23tk 181 W 3 2o LB
agar®} BHI agaroﬂ m—}l—% paper discE &1L, L. sakei®} W. koreensis 2] s8] EH|H-S ZF7F 5 H 2 (100, 50,
25,12.5%) S7A1X1 &, 37°C w70l v ot Al v & o] B85 gelstgltt

it 7el 2HI2 22| pH ety d

L. sakei®} W. koreensis?} ZH|5h= = 0] pH ¥ o}o] wha} a8/ o] FLsHA YeteAE &elstr| ¢lstod
IN NaOHE ©]-85}0] 22} A7 M2 pH 73 9= A 5to] Aol 3sH3ATh 96 well plateo]] 278 A7
20 UL 54 A 2pzpe] 1% ‘;—'L% 1% 33&5Fe] 37°Coll A 24417t B <FoFHA] 96 well plate reader& ©]-8-51]
655 nm 2] AL 2 n]Y2o] 8-S =A51Act.

H.I
J

S 92 BuIS e B A
L. sakei®} W. koreensis7} E8|ot= B4 o] A o] ue} er#gA o] TUsH] el =x]& 3Helstr] 95t
Z}Z} o] 37 B-S- 65°C/30 min, 75°C/15 min, 85°C/10 min, 120°C/20 min7t B4 2] 51Tt 96 well plateo]] & *] 2] 514
oFe. 41719] 20 49} 2171 A QAR A0 20 LS ) 5 54) oA Z17Ee] B 22 194
37°CoAA] 24417t v F5HAA] 96 well plate readerS ©]-851] 655 nm 2] SF = 2 v]AE9] AL-2 S5t

d

O

HPLCE 0| &% 77|

F714F2] AH=F -2 Shodex RS pak KC-LG column (8.0 mm<] ID x 50 mm)¥ KC-811 column (8.0 mm 2] ID x
300 mm), 18] 3 UV/VISHZ7]7}F 42HH Agilent 1100 model HPLC system-2 AF8-5}o] 43851 3ATt. o] 54T A 8o
(F=2)2 3 mM perchloric acid L8] 1! 0] 54 B £H(FH-& A]2hH)2 0.2 mM 2] BTB, 15 mM 2] Na,HPO,, 2 mM 2]
NaOH Z&E2 A5ttt 42 A 847 B 8 5 0.7 mL/min 2. & Z7 5}t Column?] 2= 80Co]
1, G714k ASTHE-2 440 nm= A7 5F3ITh Sample ] YT 10 wLo]t.

M
L

Mo

SAH 22|
A%l Axtof| gigt EA| A )= SAS (Statistical Analysis System, 2001)2 ©]-&5}o] Ht-}

EEl

FHARE YEr ST

Hm
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Results and Discussion

Paper disc'H0]| 2|5t gt &d

AT E. coli KCCM 11234, S. enteritidis KCCM 3313, S. enteritidis KCCM 12021, S. typhimurium KCCM
40253, S. typhimurium KCCM 151 T3t L. sakei 33 BT}t W. koreensis 37 N 0] ‘H I FSAd-2 2+t Fig. 13
Fig. 2] Yrepbi it

Fig. 1-AE E. coli KCCM 112342] A-g-of] th3t L. sakei 374N 2] I Pt A2 Yepd Ayfto|ct, A=l
100%°N14 72t @t 8-8-& e 1L, 50%011 4= vl efshAl @t 8/3& Wb et Z12] 3 25%2F 12.5% 1A=
Pt ek YR R] QEQkTE. Fig. 1-BE= S. enteritidis KCCM 120219 thet L. sakei 747 4 2] 5 P45 LE}
W ATE 100%2} 50%0N 4 745 2432 e QUL Fig. 1-C= S, typhimurium KCCM 159 TR L. sakei 437
o o] et QFF 8-S LrePH ANE S enteritidis KCCM 120212} Zr0] 100%2} 50%011 4] 7t 84S vet
WAt whebA L. sakei A B = E. coli KCCM 11234, S. enteritidis KCCM 12021, L] 3L S. yphimurium KCCM
1597 tisiA A oA AA7F QloH, Fert w2s 8ol st Yebdth. Z12u S, enteritidis KCCM
33133} S. typhimurium KCCM 402530 Tl A= Fig. 1-D2} 1-Eof|A] B 1o} Zho] RE etof A Fd-EAlS L}
BRI 2] ekgtet.

Fig. 1. Antibacterial activity against pathogenic bacteria using the supernatant cultured for 48 h of Lactobacillus sakei.
A; E. coli KCCM 11234, B; S. enteritidis KCCM 12021, C; S. typhimurium KCCM 15, D; S. enteritidis KCCM 3313,
E; S. typhimurium KCCM 40253. 1; 100% supernatant, 2; 50% supernatant, 3; 25% supematant, 4; 12.5% supematant.

W. koreensis 747 - paper discoll S5A171 & H 2] A a3HE Yetd Ayk= Fig. 291 2Tt Fig. 2-A°]
A Bz vte} o) E. coli KCCM 112349 Tt W, koreensis 37 9 2] 58 G &A-S vrebA Avtolot, A4 o
100%2 4 7¥at aht L%ug S YR, Y A] srolAe S-S debfiA] $Rdch. Fig. 2-BE S. enteritidis
KCCM 120219 3t W. koreensis *d3 B 0] 5= H gt 22 LFEPH A2 100%01A4] ek - 2HAdS e}
Witk 12y Fig. 1-C, D, EollA] HE8ke} 0] . syphimurium KCCM 15, S. enteritidis KCCM 3313, 12|11 S,
typhimurium KCCM 40253 ]| tisliA= W, koreensis 747 o] J-S32 LIEFH A &t
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Fig. 2. Antibacterial activity against pathogenic bacteria using the supernatant cultured for 48 h of Weissella koreensis
A, E. coli KCCM 11234, B; S. enteritidis KCCM 12021, C; S. typhimurium KCCM 15, D; S. enteritidis KCCM 3313,
E; S. typhimurium KCCM 40253. 1; 100% supernatant, 2; 50% supernatant, 3; 25% supernatant, 4; 12.5% supernatant..

MY

o
L. sakei®} W. koreensis 21 /47 4 0] i@/ o] pH Wt} Hofl et o3/ o 75 S15H A= Fig. 37449
Ztt Fig. 3-A-13} 3-A-2= ZYZY L. sakei 4N E. coli KCCM 112340 3t P24 2] pH AT E oA
S Yepd Aatoltt, L. sakei AN L] E. coli KCCM 112340 thet P42 th 27 (pH 4.01)0 4] LA E

o AAITE, pH 77 9= A H A7 Mol A= A5 A] o] vrehdA] (ke 2eu A3 A& 65°C/30 min, 7
5°C/15 min, 85°C/10 min, 12|11 120°C/20 min @A 2|3t L& A &)= A lotA] -2 v 27t 22 JHE9S
VAT, 18] 31 L. sakei SN 2] S, enteritidis KCCM 120212} S. typhimurium KCCM 1501 gt 224 ©] pH
Q44 (Fig. 3-B-17} Fig. 3-C-1)7F A 9P 4 (Fig. 3-B-29} Fig. 3-C-2)2 E. coli KCCM 112342] A}o} Z+o], pH H
stof tieliA= FatE/d2 UetWA] 3oL, vhefet 2 olA A 2ot Al tix7(HI G4 )9t &2 I+t
235 UE .

SHH, W. koreensis "4 B O] E. coli KCCM 112343} S. enteritidis KCCM 120211 thet Fwt-=24 2] pH QHHA
(Fig. 4-A-13} Fig. 4-B-1)7 & QA (Fig. 4-A-29} Fig. 4-B-2)2 L. sakei 373 0 0] Aw}e} Zro] T o5 W5 pH H
stof| tioli A= FatE/3& UetWA] 3t oL, thefet 2 oflA A 2ot Al tE(H A 2)) 2} ol g+t

S e

Fihd 72l 2HI2 22 pH Y8 A Eordd
=
on

0

Jx

HPLCS 0|83t 77|14t &2
9014 A2 o] o] o

T

il

Fe A= AT L sakei®t W. koreensis /373N 0] f714F EA4= —’Fﬁﬂﬁl A=
Fig. 59t 2}, Fig. 5-A= L. sakei 37 8 2] chromatogram= WEFH Z O[T, L. sakei N O 2 HE] HEH {714
2 Z}7} phosphoric acid (953.8 mg/L), citric acid (1371.8 mg/L), succinic acid (61.7 mg/L), lactic acid (14725.2 mg/L),
formic acid (61.6 mg/L), acetic acid (3592.2 mg/L), pyroglutamic acid (319.2 mg/L)Z A= T}, HH W, koreensis
Aol 6 2 BE] A 77|42 Z+2} phosphoric acid (926.7 mg/L), citric acid (1368.5 mg/L), succinic acid (47.8
mg/L), lactic acid (7790.7 mg/L), formic acid (56 mg/L), acetic acid (344.8 mg/L), pyroglutamic acid (238.9 mg/L)=
A= A ch(Fig. 5-B).
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Fig. 3. Antibacterial activity against pathogenic bacteria for pH exchanges and heat treatment of the supernatant
cultured for 48 h of Lactobacillus sakei. A (1, 2); E. coli KCCM 11234, B (1, 2); S. enteritidis KCCM 12021, C
(1, 2); S. typhimurium KCCM 15. Control; pH 4.01 (A-1, B-1, C-1), unheated (A-2, B-2, C-2).
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Fig. 4. Antibacterial activity against pathogenic bacteria for pH exchanges and heat treatment of the supernatant
cultured for 48 h of Weissella koreensis. A (1, 2); E. coli KCCM 11234, B (1, 2); S. enteritidis KCCM 12021.
Control; pH 4.45 (A-1, B-1), unheated (A-2, B-2).
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Lactic acid

2
]
§ ] -£ -]
E = z = =
A = = = H 2 3
] = =T = o =2
2 | £ = o R = = = 2
& o . 1
£= =z = s E = < £ 2 g 3 g E
=} a4 z ] : 0z = = = i H < £
= sE : a s E = £ £ z I
e =0 = = B = = Bl = H . )
£ 0 = E H g 33 H 5 <
21 z | £ .- ER E £ &
£: 3 | e o - T #
= [ a | f
A 1 { s 1 Al " 8 §
I\ E f\_ L VAN S LI . r__JAN F 00
j L — o3 L
) = P = A 5 v v P 5 P B :
Retention time(min) Retention time(min)
(A) (B)

Fig. 5. Chromatogram of organic acids on the supernatant of Lactobacillus sakei (A) and Weissella koreensis (B)
at 440 nm.

Weissella®y w52 A 'WRAAZ], R AE, AT} 529 2obt 5 thaet AFAg ol A AEHT. Lee et
al. (2011 WeissellaZs 9% w152 PCRAZH S 0]-&5}o] A} F=4F 712] whd o] digh A1 =345t A w

soli7} §-A5H| F4F A 2] of| A EA R o] Axtz] THEH 0 2 o] 715A-S A A5 Park et al. 2001)~ Weissella
paramesenteroides?} f4t= e 7714F, CO,, ollgh-a= A4ts7] wZoll 2] 9] #5-& F-9-0l= 583 4T
St B ST Lee (2004)= Weissella confiisa strain PL9001°] Candida albicans, Escherichia coli, Staphylococcus
aureus, Z12] 11 vancomycin- resistant Enterococcus faecium (VRE)= Z3toh= H| A4 7] ZHaA o] S A Aok
Aol B 175F T Nam et al. (2002)-2 Weissella confusa strain PL90010] 9]0 A -2 -F-551= Helicobacter pylori
o] RS A5k, gastric epithelial celloll F-2Foh= A2 Wittt Harskglot 3T Lee (2006)= Weissella
kimchii PL9001°] Streptococcus mutans 2] 2§72 AA| okl B st}
D L. sakei®] F Lol et P2 Tk of 2] A7l ofaiA BIE AL Kim et al. (2004)% AA=
B E L. sakei P3-1& £2] 545 Listeria monocytogenes ] "854 Oﬂ A B2 5=, AAE-L g 2]
QAlo|2kl 51Tt Tt Ahn et al. (2012)% AX| 25 E L. sakei B162 E2]5}o] o] 525 H H}Eﬂiﬂi/\]_} EAg
wmehe) el el A olslel 714t e o)l o A A s glek 7] o
F A7 A| &= Huh and Hwang (2016)°] H115F T, 0|52 Penicillium brevicompactum strain F1022] A3%<]]
tistod L. sakei®] wH]EE 0] 7t AA| A el ot shol=d] o] 2Rt 842 f-714tol ekl shyltt &
oF, el izt f-714ke] H7tol whg n| A= o] ASA ol 4ol et 471 Bo] H ko] ghtt. Jang et al.
(2009)2 A4 H|B2] 0 A AS=S A 0 7= Vibrio parahaemolyticus®l| R 77140 SA1 A 3= B 11513
T}, 1383 Moon and Um (2014)-2 S8 G2 5714k &AL, AL, 324N 0| Escherichia coli MG 1665 2] A37o] 73a}
Al AT B 15Tt B-2-0], Lin et al. (2002)2} Jang et al. (2005) = -7]4H2] H-8-4 2] 7} A5 Sof
A A G lekal B uskglet. whebA 2 A5 59l L. sakei®t W. koreensisOll ©]ol A4 771 3¢
o] U 70 FREEL ehiodet. thgol ofS e AR Qo] HuTe A%
B AT EIS TN 5 UL A0 ST,

I

1o

r>J

]_

5
< e
A A A

mlo

Conclusion

¥ AT 9 0] 418 oAl HIRE L. sakeiSh W, koreensis®] 9o A9 0 258 G315}
Aot 1 AT} L sakei AR A 94 A9 E. coli KCCM 11234, S. enteritidis KCCM 12021, ZL2|1L S. typhimurium
KCCM 159] A-&-of tjsle] dAdo] SRIEATY. W. koreensis 3B AL E. coli KCCM 112349} S.
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enteritidis KCCM 120219 tiofi A ot 8/d2 HoAF It o] Y dwto] tigt = o] pH H2tef Eof Histo]

thoto] Pt EA3-S rEFNA] ket 1= AL L. sakei SN} W. koreensis /373 2] Gofl tigh
ot Ay}, Z¥7k o] 2 o A|Ttof| A AR L. sakei 237 NIt W. koreensis 737 A2 A o]
Pt 2Ad-S YEPH AT TS L. sakei®t W. koreensis 737 2 0] 571424 A 31} phosphoric acid, citric acid, succinic
acid, lactic acid, formic acid, acetic acid, pyroglutamic acid= 2 =it} o]/4Fe] A2 B A7 ol o] B Ao
o et 282 e 2 @4 2 Tl A H o= TRt f7]4te] 28] o3t Ao = SR1E it

References

Ahn JE, Kim JK, Lee HR, Eom HJ, Han NS. 2012. Isolation and characterization of a bacteriocin-producing Lactobacillus sakei B16
from kimchi. Journal of the Korean Society of Food Science and Nutrition 41:721-726. [in Korean)

Bouhnik Y, Attar A, Joly FA, Riottot M, Dyard F, Flourié B. 2004. Lactulose ingestion increases faecal bifidobacterial counts: a
randomised double-blind study in healthy humans. European Journal of Clinical Nutrition 58:462-466.

Chaillou S, Champomier-Vergés MC, Cornet M, Crutz-Le Coq AM, Dudez AM, Martin V, Beaufils S, Darbon-Rongére E, Bossy R,
Loux V, Zagorec M. 2005. The complete genome sequence of the meat-borne lactic acid bacterium Lactobacillus sakei 23K.
Nature Biotechnology 23:1527-1533.

Cho JH, Lee DY, Yang CN, Jeon JI, Kim JH, Han HU. 2006. Microbial population dynamics of kimchi, a fermented cabbage product.
FEMS Microbiology Letters 257: 262-267.

Collins M, Samelis J, Metaxopoulos J, Wallbanks S. 1993. Taxonomic studies of some Leuconostoc-like organisms from fermented
sausage: description of a new genus Weissella for the Leuconostoc paramesenteroides group of species. The Journal of Applied
Bacteriology 75:595-603.

Corsetti A, Gobbetti M, Rossi J, Damiani P. 1998. Antimould activity of sourdough lactic acid bacteria: identification of a mixture of
organic acids produced by Lactobacillus Sanfrancisco CB1. Applied Microbiology and Biotechnology 50:253-256.

de Vos WM, Vaughan EE. 1994. Genetics of lactose utilization in lactic acid bacteria. FEMS Microbiology Reviews 15:217-237.

Femandez MF, Boris S, Barbés C. 2003. Probiotic properties of human Lactobacilli strains to be used in the gastrointestinal tract.
Journal of Applied Microbiology 94:449-455.

Hugenholtz J. 1993. Citrate metabolism in lactic acid bacteria. FEMS Microbiology Reviews 12:165-178.

Huh CK, Hwang TY. 2016. Identification of antifungal substances of Lactobacillus sakei subsp. ALI033 and antifungal
activity against Penicillium brevicompactum strain F102. Preventive Nutrition and Food Science. 21:52-56.

Jang JS, Go JM, Kim YH. 2005. Inhibitory effect of Staphylococcus aureus and Bacillus cereus by lactic acid and hydrogen peroxide.
Journal of Environmental Health Sciences 31:115-119. [in Korean]

Jang JS, Kim YH, Yoon BJ. 2009. Antimicrobial effect of organic acid and distribution of Vibrio parahaemolyticus from the Incheon
adjacent sea. Journal of Environmental Health Sciences 35: 209-213. [in Korean]

Kim HT, Park JY, Lee GG, Kim JH. 2004. Isolation of bacteriocin-producing Lactobacillus sakei strain from kimchi. Journal of the
Korean Society of Food Science and Nutrition 33:560-565. [in Korean]

Klaenhammer TR. 1988. Bacteriocins of lactic acid bacteria. Biochimie 70:337-349.

Lee DY, Kim SJ, Cho JH, Kim JH. 2008. Microbial population dynamics and temperature changes during fermentation of kimjang
kimchi. Journal of Microbiology 46:590-593.

Lee JS, Lee KC, Ahn JS, Mheen TI, Pyun YR, Park YH. 2002. Weissella koreensis sp. nov., isolated from kimchi. International
Journal of Systematic and Evolutionary Microbiology 52;1257-1261.

Korean Journal of Agricultural Science 43(3) September 2016 422



Antibacterial activity of supernatant obtained from Weissella koreensis and Lactobacillus sakei on the growth of pathogenic bacteria.

Lee KW, Park JY, Chun JY, Nam NS, Kim JH. 2010. Importance of Weissella species during kimchi fermentation and future works.
Korean Journal of Microbiology and Biotechnology 38:341-348. [in Korean]

Lee MJ, Cho KH, Han ES, Lee JH. 2011. Development and application of PCR-based Weissella species detection method with recN
gene targeted species specific primers. Korean Journal of Microbiology and Biotechnology 39:70-76. [in Korean]

Lee YH. 2004. Weissella confusa strain PL9001 inhibits growth and adherence of genitourinary pathogens. Journal of Microbiology
and Biotechnology 14:680-685.

Lee YH. 2006. Promotion of bone nodule formation and inhibition of growth and invasion of Streptococcus mutans by Weissella
kimehii PL9001. Journal of Microbiology and Biotechnology 16:531-537.

Lin CM, Moon SS, Doyle MP, McWatters KH. 2002. Inactivation of E. coli O157:H7, Salmonella enteritica serotype enteriticlis, Listeria
monocytogenes on lettuce by hydrogen peroxide and lactic acid and hydrogen peroxide with mild heat. Journal of Food
Protection 65:1215-1220.

Lindgren SE, Dobrogosz WJ. 1990. Antagonistic activities of lactic acid bacteria in food and feed fermentations. FEMS Microbiology
Reviews 7:149-163.

Majamaa H, Isolauri E, Saxelin M, Vesikari T. 1995. Lactic acid bacteria in the treatment of acute rotavirus gastroenteritis. Journal of
Pediatric Gastroenterology and Nutrition 20:333-338.

Mangiapane E, Mazzoli R, Pessione A, Svensson B, Riedel K, Pessione E. 2015. Ten years of subproteome investigations in lactic
acid bacteria: A key for food starter and probiotic typing. Journal of Proteomics 127:332-339.

Marteau PR, de Vrese M, Cellier CJ, Schrezenmeir J. 2001. Protection from gastrointestinal diseases with the use of probiotics. The
American Journal of Clinical Nutrition 73:430S-436S.

Moon JK, Um BH. 2014. Effects of organic acids derived from black liquor on growth of selected Escherichia coli MG 1655. Journal of
Korean Wood Science Technology 42:758-767. [in Korean]

Nam HR, Ha MS, Bae O, Lee YH. 2002. Effect of Weissella confusa strain PL9001 on the adherence and growth of Helicobacter
pylori. Applied and Environmental Microbiology 68:4642-4645.

Park HJ, Park YH, Kim YB. 2001. Characterization of growth and ethanol formation of Weissella paramesenteroides Ps. Food
Science and Biotechnology 10:72-75.

Park YS, Chang HG. 2003. Lactic acid fermentation and biological activities of Rubus coreanus. Journal of Korean Society for
Applied Biological Chemistry 46:367-375. [in Korean]

Ryan LA, Dal Bello F, Arendt EK. 2008. The use of sourdough fermented by antifungal LAB to reduce the amount of calcium
propionate in bread. International Journal of Food Microbiology 125:274-278.

SAS. SAS User's Guide. 2001. Statistical Analysis System Institute. Cary, NC, USA.

Korean Journal of Agricultural Science 43(3) September 2016 423





