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Abstract

In this study, we isolated lactic acid bacteria from Allium wakegi and examined the
usability of culture supernatants obtained from these lactic acid bacteria. The antibacterial
activity of the culture supernatant obtained from the isolated lactic acid bacteria against
the pathogens Fscherichia and Salmonella spp. was measured. The obtained lactic acid
bacteria culture medium showed significant antibacterial activity against pathogenic
bacteria in a dose-dependent manner. The effects of pH and heat denaturation on the
observed anti-pathogenic bacterial activity was also investigated. Adjusting the culture
supernatant to pH 7 resulted in loss of all antibacterial activity against pathogenic bacteria,
suggesting that the antibacterial activity of the obtained culture supernatant against
pathogenic bacteria is influenced by organic acids. Assessment of the heat stability of the
anti-pathogenic bacterial activity revealed that heat treatment did not diminish activity.
The obtained lactic acid bacteria culture medium is thus stable against heat.
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ME

Allium & A&& A AAZRCE A= lom oF 5000 Fof A ATH1L. Alium &=
579 397t loH 2t 9lE B HE 4 Qs B4 7HIAL TH2IL Allium 49 AlEE
ohoel e o] Fojd 2% tiat ARES] SRS SEYCE Q1A o] eH3 4] Allium
& 250 ] A8 o2 = Pra8{5], TAERME O], AFHAE 7], UEE S9AE],
T a9, 10l B} 5] EaEo] k.

Allium £92%= 3HAllium fistulosum), VTHAllium cepa), "rs(Allium sativum), 3
(Allium monanthum), 1811 ¥3(Allium tuberosum) 5°] AtH11,12]. Allium & % &3
(Allium wakegiy= 22 3} o] Hol ghojito] 2 Al thdy AEolH, S5t 3t
Al8S =9 U2 7R JTH13) FWollA A wakegrie 340 ©ald, G4, ofm|Al,
njdE, vl 5o 551, o]Qjof ETfEolt, ALY, B4 T1E|11 &4l 5ol 2HE] 917
ool AESH 7Rx)7t 945t 2u|as EeY dA QItH12-14]. Lee et al.[12]:2 Zxjo] 3lof
Al oh|ieARe] Y2 18F 5 178°] #A4=31eH, o] FollA] glutamic acid®] Tl 7F3 Bk
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11, F}E oJo] aspartic acid, leucine, lysine, alanine 52| <=0 & =Tkl B sigict. EF
Z3l0] L7129 3R K, Ca, P, mg, Na 5°] &0 Itk sH3tH12]. Kang et al.[11]
Zate] ofghZ FE20] UF LBY WA A 7s] vlAls 9e wER A He-fevd
o WA AR ofrke2 ZRAAIRITAL SH3iTt
frikt(lactic acid bacteria)}> 1% G4, BIEAF B4, Tt B IV, 7HEEOMA 24 R
THEL f714E, W pHol tieh Uido] woH15-17). fAkES A5e] dasiat ohet gt
AEZ IV © AREE 7FE 8% vE F stuelth15,18]. 11§ AlE ikt oFid
B, F, & Hel 5 AEAAelA il frikts Eob, Wikl Astrhal A IEH191.
Tt A3t faofA, fARES BT 22 Hol Qlof A A o= wd RS tiAt
< 4 loH, B 7|5t AFe] £5] Q= FEFA T viE SRtERE Eefole] da AFe
YF7HE &Y & AH20]. L7 Fikete HEgeilo s A7 Pt Peto| =5 At IA
7HA| Lactobacillus 2] 9= -FAtt Ee152} Hie2] 2410] A5 HE B I7F B Alojel 28
HITH21]. 2egt W2 Al IHtSkeAy, tobd 53t 22 A4 oAl 2E 2R E FAER]
Afo] B/gElo] A% Fuf HiE2lor 9 Wdwte] SA1S WAISke Zlo] E4oltH16,22]. TRt #4it
o] WA Q= 7hed Bt 2482 7 MEE fikt 755 54935 9 A6t ZEHlo]Q
Elag S8 4 Qe AeRd frikte] d77F 831 AE Rl 2 ¥ F2 dsio] olze
715 7R RARE AFE B A RAIE A 9 AER ZRHR|REA TS S &
A, Eute B8 Allium £ S3tet vhse] wlste] A7) nlEet Hon ofd7iA] Zutz e
2] S floh mEh i Ao Ao FuEiE fANRE EYoil, R4kt
H S 22 Sttt TEal ol v Wddwtol HiRt FEAe SsIAT

/]

1. MY

E 3o A AR&E 30% acrylamide, Coomassie Brilliant Blue(CBB) R-250, 18]l Urea:=
TNT Research(Korea) A& ARESIAL, Tris, Sodium dodecyl sulfate(SDS), Ammonium
persulfate, Tetramethylethylenediamine(TEMED), Glycine, 18] Sodium chloride(NaCl)
2 Amresco(USA) A2 AR&3I3ALE 2-Mercaptoethanol, Bromophenol Blue(BPB)= Sigma-
Aldrich(USA) Zo]H, Glycerol, Acetic acid, 18]3 Methanol2 Daejung Chemicals &
Metals(Korea) Z& AR5 1-Butanol (F)A1&3MIETA(Korea) A& AL

2. o 3 Y

EINA. wakeg)= VA A SHPIZAEA A4S A FlsiGith FRERE fANE
o] #2l= 37C FHi7INN 2197 HEAA kS 2l ke Bel= 0.01%
Sodium azide(Sigma-Aldrich)2 373t De Man Rogosa-Sharpe(Difco, USA) agars ©]-&s}
gk 224 g4 5, 2429 wikE MRS agarolA 2, 27] 9 Mo] tf2 2 UE Al
AeiE nPES 59 (Solgent, Korea)oll 2ot} F7gsitt. 12]ar o529] A2 HlojeH|
o|Ao] 55E HETL} Blusle] M w2 e Uetlle Ao=RE AAsilth E2E
FARES -80TC A BE3otHA Ao o]8stoitt. MY/ dwtR] Escherichia coli KCCM 11587,
E coli KCCM 11591, £ coli KCCM 11596, 83 £ coli KCCM 11600% SH=to 2124
EojlA skt E3 WAl Salmonella Enteritidis NCCP 16947, Salmonella
Thompson NCCP 11704, Salmonella Typhimurium NCCP 169602 =794 AF-2-840]1A]
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T-Qloto] Ago] o] 8ottt FARFS] HiYF #iX]= MRS brothE o8t 37C2] uig7]olA Hl
FB19al, Escherichia®t Salmonella= Luria-Bertani(LB) broth(Difco)E ©]-83}o] 37C 9] Hj

F71°0A st

w

o= =
ZutE HE B2l f4RE MRS brothell FEsto] 37C 9] #7704 24A417F Bt &
HiFHe] Bl PRI oldste] EEfoiqinh. & YaliEel= 4T, 4,000 rpm, 20 min
Aoz 43459t Aol AN pHE 273t &, Syringe filter(0.45 pme} 0.22 pm,
Advantec, Japan)E °©]-8sto] Hdot, -20C0] EHsHA AEo] o]-&st3irt.

QuiZ| HeY 2|

~

Qi

:

[e]

PN

4. H7|83S(sodium dodecyl sulfate-polyacrylamide gel eletrophoresis, SDS-PAGE)

Za} g SARE vigdof diste] SDS-PAGES Adetsict. £ gel2 12% =2 513
o}, ARESE BRI (molecular weight markers)® precision plus protein standards-dual
xtra(Bio-Rad, USA). A7]9%0] B gel-& CBB ¥(0.25% Coomassie Brilliant Blue R-250,
5% methanol, 7.5% acetic acid)¥} 2G2S 35199}t CBB FAL 2A17F GAIA|7| 1, Al
(25% methanol, 7.5% acetic acid, 67.5% Milli Q water)2& gel H|742] o] ¢A3] glojd
W7kR] 2417 A= BXAIFL St 2FGML silver staining kit(GE Healthcare, USA)9]
protocolo]] wWEhA =51t

5. Paper disc#lS 0|8¢t ey
Za} o fAkFo 25 E dojd AFAo] WA it FFEAIL Paper discE 0185

SRIslh. WEH R £ coli KCCM 11587, E. coli KCC M 11591, £ coli KCCM
11596, £ coli KCCM 11600, S Enteritidis NCCP 16947, S, Thompson NCCP 11704, 12
11 S Typhimurium NCCP 16960% ©l-&5t3it}. ZH+] £H|H 20 mLe] LB agar©l HY/8w-S
1%4 FZotart. Zolxl Z4e] W dwtol Zutzie dojdl AN 40, 20, 10, I 5
pL9) B 2Ast] B paper disc(Advantec, Japan)oll Z5A1A 37Tl viUsIEA Pt
24 o SoIh

6. 96 Well plate 2 0|28t st &

Zahae] faket vl A9 9] e dtoll thet s FHBS 96 well plate HE o851
Z7oioiet. S AIH 20%, 10%, 5%, 2.5%) s=& H7telict. 27ke] M det o]
HF & 1%5 SO e A2 37C wigrIelA sigetaA 341 4 s
microplate reader(Bio-Rad)E °18-5}% 655 nmo] T2 & 3 (optical density)E Z4s}

~
Yl
>
[«]
=4
1o
©
I
ro
%
%
i)
ne
re
ox
0x
Y

oo— o O =1 O

Zakff fANFO 2 EE AojXl HlieF AN pHe}F Hojl thgt QP S5t AA, pH
HH3lo] it QP94 ofF= IN NaOHE ol-8sto vk el pHE X7gste] B 5ol
gt PSS S7F0I0Inh Al 249 vl A 5% H7toll JsiA sl =4,
FPA AL vl AL 65T ollA] 30 min, 75CA 15 min, 85TCOAl 10 min, 100C°

ok

A gl et FEAS ST DT AL 22
of Aejel Hjef Aote] 5% H7lol il Sstaict. Aze] WU AL 37CIN 244
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1. Ao 22

A ZIHA. wakeg)yE EH7100 £4gE &, DojXl RAEZHE WgolE ol8sto] MRS agar
o] & (streaking)oto] FEY7F A2 W7kA] 3719 7] AdEiellA Bl dojxl ERURE
FH I ot F2Y 9 e RIg Aat, 1ol I e FRIsHITKFig. 1).
webx FESHOF [acrobacillus 902 EREE A& BAFAY, AN 5HEY Lacti-
plantibacillus plantarum strain®t 2 48/3& eIt THH, dojdl E2Y+= @719 7]
AeollA B5FE AJel= AoE SRIFEIT ol F2UE 10 mL MRS brothol] 24417F 12}
wioFeta, 14} WiFH o 2EE 50 mL MRS brotholl 1% F&3te] 24417t 24} wsigict. wieF
T2 T, digd YAEY7IE Bote] F4sioint. olnf) HiFHe] pHE 3.71& UERITh ghE,
ZakRal RARE BiFHe] 1] sfglZ dotky] 9Jste] SDS-PAGES =3st3itt. 17|90l £
gel9] 2HM A= Fig. 20 eI tftt 243 SHlol= Zo] HES BofA ZRI=i
(Fig. 2).
2. Paper disc#2 0|85t &t

Zakgef fARFOZRE Jojx A9 s ZAsto] YAl tigt P TS =4
¥t ATR= Figs. 3 and 4] YERIT). Fig. 32 £ coli KCCM 11587, E. coli KCCM 11591,
E. coli KCCM 11596, =1L . coli 11600°] thote] Zakgef fAkte] Bie/d o] gt gkt
e S4% Aol AN Tt 2245 Po] =2 AS ot T Bolo] HolFgl
tHFig. 3A). Fig. 4+ S Enteritidis NCCP 16947, S Thompson NCCP 11704, I8 S
Typhimurium NCCP 1696001 thet g 3 57 Zjo|tt. fANF O 2R E] Hojzl FAH
Salmonella ssp.°l| tioto] TS UEFNRILE. Escherichia spp.&t 20] AN 5271 &
255 PHEAEY F7HE HoIFUtHFig. 4A). WEbA] Fukgal fANFC R RE dojx] AAHS
HAH] S dAloks ZPt AE Aoz ERIFLE

pa

Fig. 1. Gram positive lactic acid bacteria isolated from Allium wakegi (Gram stain, Bar=10 gm).
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kDa MW 1
250
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100
75

50

37

25

20
15

Fig. 2. SDS-PAGE profiles of supernatant obtained from the lactic acid bacteria isolated from Allium
wakegi. Separation gel concentration was 12%, and the gel was visualized by silver staining. Mw,
molecular weight markers; 1, supernatant obtained from the lactic acid bacteria; SDS-PAGE, sodium
dodecyl sulfate-polyacrylamide gel electrophoresis.

(A)

(B)

©)

(D)

Fig. 3. Antibacterial activity against Escherichia spp. by adding supernatant of lactic acid bacteria
isolated from Allium wakegi. (A) Escherichia coli KCCM 11587, (B) E. coli KCCM 11591, (C) E.
coli KCCM 11596, (D) E. coli KCCM 11600. a, 40 wL supernatant; b, 20 L supernatant; c, 10
L supernatant; d, 5 pL supernatant.
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(A)

B)

©)

Fig. 4. Antibacterial activity against Salmonella spp. by adding supernatant of lactic acid bacteria
isolated from Allium wakegi. (A) Salmonella Enteritidis NCCP 16947, (B) Salmonella Thompson
NCCP 11704, (C) Salmonella Typhimurium NCCP 16960. a, 40 pL supernatant; b, 20 uL
supernatant; ¢, 10 L supernatant; d, 5 L supernatant.

3. 96 Well plate HZ 0|83t s'H ety

Zalqef fARFORRE dojxl AJAHo] A ddtol thet FHEA o= paper disciol 9
off RIS}, AN JHBA TEE Z755k| Hot] 96 well platet O & EA4-E st
Figs. 5 and 62 oA AFNS 20%, 10%, 5%, 2.5% SE= J7It &, 24A17F B2t HeAdwo]
gt FAFSAS 243t Aujolt}. Fig. 5% £ coli KCCM 11587, E. coli KCCM 11591, E. coli
KCCM 11596, Z1=aL £ coli 116000] thote] Zubfef R4ibdo] v o] thigh red <
=43t Ayjo|c}, AN FEt £35E FFTA0] B2 AE HAFQIKFig. 5). E3] Al
ol85 459 S B 20%%} 10%2] Bt WiG=R71 R wiek 244177k @AgH A
< Hogltt 5%9] FLolAE i 154X tads Uethrt o] AAls] Ad&el=
2& BoFtFig. 5). 18 2.5%2] skolile #i AAS H7IoHA] gk ti=+of H]a]
27| 12/ QA &S Uetlithr} o] th27et Hgh 42 Bof5ltkFig. 5). g
H, Fig. 62 S Enteritidis NCCP 16947, S Thompson NCCP 11704, 12|31 S Typhimurium
NCCP 1696001 thgt Zutg2 FAkt] viF A o] /g ettt Ao 2R E o
oA AABL. B AJ3lo]| o] &¥ 3E9] Sa/monellaol T3] @A FHBAL HoiFEAKFig.
6). Escherichia®t 0] 20%2F 10%2] sLolAe= viF 27158 24A771A] @A FdAdS
B, 5%9] solil= i 15AR7HA] Ftasts Yehttrt o] AAls] Aohs 2
HojZQltkFig. 6). 0|9 L Aik= 2.5%9] FEoAE e FFS HolFSi,

4. pH OPEAT & oY =B

SAkto] A4St organic acids, hydrogen peroxide, bacteriocing 59 T2/dS Uerd
o= QIHAL SEQITH23). = Al ol 85 HiF A AL Aol frlAtel 2Rt ARIA|, bacte-
riocin®l| 23t ZARQIA] Yol 7] sl FAkt BiFAS IN NaOHE ARE51o] pH 7.002 246},
HjZlo]l 5% d7iste] WA datol tieh FHEdS SRlotgitt. HutE e EelH fAkt] ek
374N pHi= 3.718 S7=ck Fig. 7 wi% AHHE pH 7.008 274sto] 47t 3, 96 well
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Optical Density at 655nm
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Time (hr.) Time (hr.)
© D)

Fig. 5. Antibacterial activity against Escherichia spp. by adding supernatant of lactic acid bacteria
isolated from Allium wakegi. (A) Escherichia coli KCCM 11587, (B) E. coli KCCM 11591, (C) E.
coli KCCM 11596, (D) E. coli KCCM 11600.

plate & 0|83l £ coli KCCM 11587, E coli KCCM 11591, . coli KCCM 11596, 181
E. coli KCCM 116009 24AI%t 57t 44742 5745 Atolet. HE AlFollA vk Ag9Ho] pH
£ 7.00% 201G W, P YRR gto, olf AL H7lsHA] gk tRtet E
FdE BoFitkFig. 7). T pHE 2AoH] g2 Alte Pre/dS UEh 2102 Hol ok
AN gt et et 2432 FYIAe R ot aatetal ) Fig. 82 vk AR
pH 7.002 23310 H7} &, S Enteritidis NCCP 16947, S Thompson NCCP 11704, 12|17
S Typhimurium NCCP 169609] 4= Uephd Z3leltt. Escherichia®t o] HE Aol A
Hjg AU pHE 7.008 245 o, I/ LEHA] §okem, off Ak 7tsHA] o

14 r 12

—&— Control —a— Control —— Control

Optical Density at 655nm
Optical Density at 655nm

—-20% 04 F —-20° —+20%
—A— 10% —A&— 109 —&— 10%
——5% 0.2 ——5% A0
—-2.5% 2.5 —o—2.
iU P U 0
0 3 6 91215182124 03 6 91215182124 03 6 91215182124
Time (hr.) Time (hr.) Time (hr.)
A) B) ©)

Fig. 6. Antibacterial activity against Salmonella spp. by adding supernatant of lactic acid bacteria isolated from Allium wakegi. (A) Salmonella
Enteritidis NCCP 16947, (B) Salmonella Thompson NCCP 11704, (C) Salmonella Typhimurium NCCP 16960.
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Fig. 7. Antibacterial activity against Escherichia spp. by pH exchanges of the supernatant of lactic
acid bacteria isolated from Allium wakegi. (A) Escherichia coli KCCM 11587, (B) E. coli KCCM
11591, (C) E. coli KCCM 11596, (D) E. coli KCCM 11600.

S, v} AN o] Fol diste] HA= THIEAIE SsISi 65TAlAl 30
min, 75CA 15 min, 85COI4 10 min, 100C°IA 5 min®] AL Z Aot HAA
T3S gRIgH AIk= Figs. 9 and 10°] Hof5=qit}. Fig. 9= MG A M Z429] 2504
AAzet &, £ coli KCCM 11587, B coli KCCM 11591, E coli KCCM 11596, 181 E.
coli KCCM 1160001 Z7tste] vieF 24A17F 57t 48782 AR Zxfoltt. A9l o]-&H 2719
Escherichize Ba 2% Aol 2k AgfolA] %2 29} 22 JHEAE HofFqltt
(Fig. 9). 1121 Fig. 10 vif NS Z2ke] 2= Aot 7t &, S Enteritidis NCCP
16947, S Thompson NCCP 11704, 18]1 S Typhimurium NCCP 169602] A& e
ZAolt}. Escherichia®t 20] He 2% Aol 2% A2oiA] 2 tix72t 22 o=

g 12 g 12

Z 1 21

® ®

z 08 z 08
g o6 | . E o6t :
+| OControl 5 04 \| ©Control g 04 -] OControl
| mpr3n & | mpH371 & R
| mpa 7 02 | op7 02 - mpH 7

p \ , L, p N
6 12 18 24 6 12 18 24

Time (hr.) Time (hr.)
(B) ©)

Fig. 8. Antibacterial activity against Salmonella spp. by pH exchanges of the supernatant of lactic acid bacteria isolated from Allium wakegi.
(A) Salmonella Enteritidis NCCP 16947, (B) Salmonella Thompson NCCP 11704, (C) Salmonella Typhimurium NCCP 16960.
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Fig. 9. Antibacterial activity against Escherichia spp. by heat treatment of the supernatant of lactic
acid bacteria isolated from Allium wakegi. (A) Escherichia coli KCCM 11587, (B) E. coli KCCM
11591, (C) E. coli KCCM 11596, (D) E. coli KCCM 11600.

HoJZEHFig. 10). w=bA v A2 Gofl disiA PRt Zlo] ZRl= i

[e)

AT A0 BTHA wakeghZHE RAFS BeSIHoN BUYR et G

B& FItE EBakgf fANFS vl AS /3wt Escherichia®t Salmonellz°l W5t @
Aot Pt HolFqlrth pHE 2761%S | e dwtoll thet g VA gtot,
A= GAoIA| 2 thRet fARE S
SP59] A AN E FARE ZIE BITH24]. T3 Im et al.[251 Weissella koreensis
&} Lactobacillus sakei®| ¥WF 30| £ coli KCCM 11234, S Enteritidis KCCM 3313,
S Enteritidis KCCM 12021, S Typhimurium KCCM 40253, 1381 S Typhimurium KCCM
159] tiete] tavts vepdcty Buskylch o5 AN vl A o] HdAddol digt
AL vl Al 22 DA HTR= TRt f714ke] 28] ofet Aoletal siith. 4kt

& &

o b

O o

= ®

2 2

2 a

o] 7}

e OControl 9 OControl
g m65°C 8 m65°C
=) @75ec = B875°C
o @sseC © @8s°C

8100°C =| RB=| 2 2100°C
6 12 18 24 6 12 18 24
Time (hr.) Time (hr.)

(A) (B)

Optical Density at 655nm

WeR AT, o= Lactobacillus bulgaricus

6 12 18 24
Time (hr.)
©

Fig. 10. Antibacterial activity against Salmonella spp. by heat treatment of the supernatant of lactic acid bacteria isolated from Allium wakegi.
(A) Salmonella Enteritidis NCCP 16947, (B) Salmonella Thompson NCCP 11704, (C) Salmonella Typhimurium NCCP 16960.
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HAgdto] dist PSS G4 L G714 &2 18] AJ9RAE hydrogen peroxide, bacteriocin
o= ARto 22X | BEAE-S UeEPHTAL SIATH26). wEbA £ AtolA e Y datol tigt
Fatatgol] f714bol| ot ARIA| v A19] A-8R1A] Bt B A4t FR/Jo] itk tleo] 4]

7 FARRS oY 1Y, F, Aoy B T AlEaAelA fHlE fARES Uob, 7|E9
T8 AN HIRA] Wikdo] ZFsf Aoba] A7RR] Zikal dEA QIHH19). o= Eakaa fAkE
9] 54T} m2Hlo] QEARA 9] &g FAIE A8} 22 7Rl dHE ¥ T840 ATt

h=

i

OF
=

kO

2 ATE BIHA. wakeg)EHE ANES £25IG10L, o] FoERE ojzl ok o] 1
A=l tiste] FtE/dE UethaAl AT, WA B2 fARFo 2R E dojxl vk A7
o] il WU £ coli KCCM 11587, E. coli KCCM 11591, E. coli KCCM 11596,
E. coli KCCM 11600, S Enteritidis NCCP 16947, S. Thompson NCCP 11704, 18] S
Typhimurium NCCP 169609] & %’*é% Stk O Ay} dojd fAkt vl WLt
of tiste] dAT At de Hojolrh AL Bl AR H7ieko] S7Fol wet @At
AIE YERASITE E3E /ol "410’* 7ol dhisto] Fojzl ek A AHe] pH WSk}t 4o
H/gdo] ofste] 22 PtRTE UEW=AIE ZARISIH. &, v 4 HE pH 72 27sto] BY
‘gatol iRt S ST AT, AR UehA] lolth wEbA foldl wiey Ao
He/gatoll tigt AL frlAll Qste] JeRE B Ao R wekE: hH, HioF AU
Hol gt Mg ‘i%t}j.' ik GAYE oM 2 iR}t 22 PEdS YEUSIH. et
FH2 Fo diste] QM Ao & YERHSIH.
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