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Antimicrobial Effect of Lactic Acid Bacteria Isolated from
Fermented Foods of Korean Temples

Jieun Yim, Eun-Young Chang, Min Young Kim, Dahyun Song and
Seok-Seong Kang’

Dept. of Food Science and Biotechnology, College of Life Science and Biotechnology, Dongguk
University-Seoul, Goyang 10326, Republic of Korea

Abstract

Fermented foods of Korean temple are vegetable-based foods and their seasonings
are limited to five pungent herbs. The aim of this study was to investigate cell-free
supernatants (CFS) of lactic acid bacteria isolated from the fermented foods of Korean
temples. Three selected CFS significantly inhibited the biofilm formation of FAsche-
richia coli O157:H7 at 24 h, while one of the selected CFS markedly inhibited the
biofilm formation at 72 h. However, only one CFS significantly attenuated the biofilm
formation of Staphylococcus aureus at 24 h, but these CFS failed to inhibit the biofilm
formation. Moreover, selected CFS effectively inhibited the growth of £ co/i 0157:H7,
whereas the growth of 8 aureus was not affected in the presence of CFS. These
results suggest that CFS of lactic acid bacteria isolated from fermented foods of
Korean temples shows antimicrobial activity agasint Gram-negative £ coli O157:H7,
but not at Gramd-positive S aureus.
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S0 B TUEE o8 YR AN, SR A U1 40l e A

SU50] UEoARA Yt 3, 7o) SR Hek. olo] weh AR & 2450} S5
750l TRt A7 SISl OWShm 2010). ¥F JYAE 0|83t 7|59} ZC o]23t XOHET, k)
AL AARE ol 8T AZ 52 SAIE0IA HFESS] Al et A Hase ey
EHQl HE HailZo ]E]{Park 2012). 21 % ZAX= Leuconostoc spp., Lactobacillus spp.,
Streptococcus spp., Pediococcus spp. B Weissella spp. 59 SAMNFS E33H n|YEE0] 9]
9tq 7} o]fojx|H, o] WAL B E5-9 "ty FnE WAl s AE @a AlEo|tKCheigh
et al,1994). ol A 9 A faktS AL axt, of o av WYY|s A3} ofEn ¢
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UcHLee er al,1998). T3t 7FY, W, 154, = 59 AT

ARe= 372 Bacillus, Aspergillus, G4t 2 R E9] B3919]

AL ol ofef wad. 1§ Y, 150 22 ARe Y

Elo|E, ofu|icAl, o]AZekE, HIE] Eot 22 Tt Vs =
1u

Y
A Rkl 3l olfet AEES Y H FeUEs) A
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9 Brjpsg duels 59 A% 7 298 £0a dHA
QeKPark, 2006). S3] ol2f3t 4E2] Aol ao] Tolsle 7%

nYES AFs vE A A 9 AFE 2t 45l wE
FZolli= F dE #-2 7Idst] B S Aok A &
o= FIAQl ZRHPo|QE [fANFORE Z3gT QItChoi
et al,2014).

SAH(lactic acid bacteria) W& TgolA T Eafjsto] &
At A2 F71ARE Adoks nES S5, SRR %
F9 B 71 o B o2 dEA Stk A o
AREER ZALS AJAJote] pHE ASHAIZIH, bacteriocin, dia-
cetyl, ABleAs 5 TR et E42 B9l B +9 B
S A o2 AF 4= Itk Chang, 2005). olH%t BEEL
FARFS] HiAE oTAF] AT Hol| EAs=H, 1 F bacte-
riocine YIS 7HIL Sl HAREEA HBEY 50l
FEFE A= ARAt S AR 4 A SltiAbdel-Ba
et al., 1987).

O] ARESALRS: 975 AILSE BE SEA AE} QAR
783 Aol Sl thHlZIA] AAR 1}, vhe, H5, 9, duE
ou))E F35kaL UcKKim et al, 2009). &% Agto g FAES
to] o] 85t AHAEL] Wsht} Akgo] AR g AR T4
EAd0l wet A5 AFARESfok 3171 wiizol AAE AotH
Fob R AERl AR EE ¥t Jung, 2012). ofet R AR
S419] EAo| wet, guko R vhsdt of{fE ARSSH AAFE
e AEARQ1 HRAET} ARolA vhE IR ARE & o] s
9] 57Ol Zol7t U AR FATTh

ASES fFoke A BT Staphylococcus aureus
9} Escherichia coli O157:H7& Alofoks A2 A1&914800| qlof
S8t SAE HIRR ASE f 84E F olEo] Bt &
oA AAsk= biofilme extracellular polymeric subs-
tancesZR= 2 £59] biopolymer® ©]F0]A JtHFlemming
and Wingender, 2010). £3] S aureus®] biofilme 43 W5
9] HAAIAH], T4 AEH AL} FtEAo] tigt WS 571
It Yum et al, 2017). B39 A% A Hsto], S
aureus?} E. coli O157:H7°] probiotics #29] S7F= s o
7} Fasle AT 237} 9o, bacteriocin®] Fwt &4l 9
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3 Asfehs A77F APE|QITt. olet ol Z+E B YT {3
n|A3Eo]| thet -RANFe] tAgo] et W At fiHo
2 A&E JATNGilliland and Speck, 1977; Lewus et al,
1911; Kim er al, 1977), AF&e] aAFNA &3 ikt
FAgo] TSt A ol Aot metA B AloflA=
S| 3320] AR G AR 550 2 HE] SRS 750] ARS
< ol&sto, EAQ fof S oln A5s ' 452 £
coli O157:H7¢}t S, aureus®l W&t &I L biofilm A &
IE gopH 1z} gk

Nz I A

o 2 Al

5 Ao = ARRllA E2i3t fARFEE de Man, Rogosa
and Sharpe(MRS, Neogen, USA)®} bromocresol purple (BCP,
HARDY diagnostics, USA)Oll 37T, 48A|7F vioFoto] ARE-51%
o}, Aol Ak8et WL £ coli O157:H7 ATCC 351502 Luria-
Bertani(LB, LPS solution, Korea), S aureus ATCC 292132

Brain Heart Infusion(BHI, Becton, Dickinson and Company,

USA) 37C, 24X|7KE9t Hiokslo] Alslol ARg3teITh

i 22| ¥ ol

U 339 ARoA] HEAIERE F4 Hol A8 APttt T
AR A AlZSE 2FE, B, a5 BAROIA AlxE HiS
A, JARoA Azgt 25712} vl XS ARt Z2te]
8 A1F 10 g phosphate buffer saline(PBS) 10 mLo]] 3]45
o] 1 g/mLE 1At & PBSO] serial dilutiondttt. 34HS
MRS agar©]l 100 pL 3353t & slo] 37Co0A] 48417t B3t
HjoFstoiet. MRS agarol] Yehhk=s ] gl S2UE A
oz Bes] sl BE S2UE loopZE Fof =Hsk= I}
A& HHEolo] &= Bol9itt. 1 & BCP agarollA] 37T, 2441
7k jgete] 9 E2Y F947} o] AT AMVIEEo] e =
T 0 2 Hslolo] AAMEEE Sl AN Y-S ERIs) XS
o7 oo HYH U SRIsk] 9t 2t #Ertth Gram
TS Zdgsto] e W TP HTAS RISkt 7 AR
ot} 4749 #5E AEfsto] TS, TS2, TD3, TG4, BK1, BK2,
BK3, BK4, JKK1, JKK2, JK3, JK4Z EAJSIL, MRS agarol
37T, 48A17F B3 vieksto] Yepd 9l E2UE loopZE ARk
o] MRS brotholl 1% Adheieste] dojxl HFE 50%(v/v)
glycerol MRS brothol] @&5}1, -80T deep freezerolA] 2t
sklch
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Cell-free supernatants(CFS) 2|4

127§9] &5 TS1, TS2, TD3, TG4, BK1, BK2, BK3, BK4,
JKK1, JKK2, JK3, JK4Z MRS brothollA 37T, 48417 212} uj
st & ASkIAL. o]F 16,000 x gO& 20ColA 15859
PR & AN pHE IN NaOHE ARE31o] 6,52 HAs}
9t 0% 0.45 pm, 0.20 xm syringe filter(Samchun Chemical
Co., Korea)=Z A2 oj7} & -80T deep freezerc] Eitd}]
AlFo] AREsH3It

gt EM

600 nmOA O.D 0.052 9 £ coli O157:H7 HiFHR 100 plL
9} ZF #39) CFS A& 100 pLE 96-well plateol] At H,
serial dilutiond}o] 37T, 24A17F viQFsIATE RS HEoHA|
&2 fresh LB broth® ARSI, Al&E TS1, TS2, TD3,
TG4, BK1, BK2, BK3, BK4, JKK1, JKK2, JK3, JK4Z A&}
o} Ay B48 =9 oz At o|F microtiter plate
reader(AMR-100, Allsheng, China)Z 595 nmolA &3S
2743190k 5L o g 600 nmollA S FFEE 0.05
2 9 S aureus FYS BHI brothS 2702 ARSI
o, Al TS1, TS2, TD3, TG4, BK1, BK2, BK3, BK4,
JKK1, JKK2, JK3, JK4°] tisto] 5HH 0= Jutadts A5
At

CFSOl 2Jgt biofilm &M 2N 24

600 nmollA &3 TEE 0.052 W& £ coli O157:H79%
S aureus WiFH 100 pLe AIE(TS1, BK1, JK4) 100 pxLE 274
9] 96-well plateo] SAIA T F| 37COlA Z¥2F 24A1%E, 724
b ieFsloict. A e AT F PBS 200 £L& AlFskY, 0.1%
crystal violet €4 200 uLE o] YAXZ0NA 3087 FAsH
5 PBS 200 pLE Al&ste] FME FE29E Aol olE &4&
H(ethanol 95%, A =]gE 32} J57 4.9%, acetic acid 0.1%)
200 pLZ &3AIZl & microtiter plate reader(AMR-100,
Allsheng, China)= 595 nmollAl S4EE S4 st

CFSOf| ojgt HaTO| WE AN 2M

600 nmellA &43 S F=E 0.052 %30 £ coli 0157:H72%
S aureus Wi]YHE FH|5to] £ coli O157:H7 viFH 100 pLof
AZ(LB broth, TS1, BK1, JK4) 100 pLE, S aureus WYY
100 pLoll AlZ(BHI broth, TD3, BK3, JK3) 100 pLE Z7
96-well plate°] SAIAZZE F 37CoA 24A1%F, 72A17L viekst

=

/ g{?ui%
|
%)

Al

At v & JL ASHE PBSE ©0]&51] serial dilutions
APk, MRS agaroll =Eot] 37ColA 24A17F vioFaete] A<t

»2 24,

oy

SAEM

E 39 nE AYZANE GraphPad prism 5(GraphPad
SoftWare Inc., USA)E AH&SIY] 33] BHEAIES AASH Bttt
HEEAE YeH ZF o 7] f-2)/432 IBM SPSS Statistics
25(1BM, USA)E AR&sto] HAREAR(ANOVA) o2 Uepditt, £
ARLAH & AZAAE(Duncan’s multiple range test) 22 p<0.05
oA g8kt

a1}

=o| fitdel £4

=W 370 AFEe] aEelM 22ld F 4159 ikt Foll B
gl dist] A Asf axpt 92t 1239 AT
2%, B 15, 1578 15, WFRdAl 63, Z4F7] 23)e Al
o AEE fAktF 1259 E42 Table 13} 2t

CFSOi| 25t St

At QANE 1229] E coli O157:H73} S aureus] tigt I
A3 Fig. 13 2tk CFS Alo]l W& OD 24 23} 1:4 0|5}
SEOAE 27} f2lF Ao|7 YetA] ggkont, 1:2 o4

Table 1. Characterization of bacteria isolated from fermented
foods of Korean temples

Sample Isolated from  Morphology

stain
TS1 Soy sauce Coccus + +
T TS2 Soy sauce Coccus + +
temple  TD3 Doenjang Coccus + +
TG4 Gochujang Coccus + +
BK1 Baechu-kimchi Bacillus + +
B BK2 Baechu-kimchi Bacillus + +
temple  BK3 Baechu-kimchi Bacillus + +
BK4  Baechu-kimchi Bacillus + +
JKK1 Kkakdugi Coccus + +
J JKK2 Kkakdugi Coccus + +
temple  JK3 Baechu-kimchi Bacillus + +
JK4 Baechu-kimchi Bacillus + +
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Fig. 1. Antimicrobial activity of CFS derived from lactic acid bacteria against E. coli O157:H7 (A) and S. aureus (B). 1:1 is treated in
the same ratio of volume as CFS and subcultured pathogenic bacteria. 1:2 is treated in the same volume of CFS which is diluted

with LB broth media (A) and BHI broth media (B). NT: not-treated.

9] Lo AE BAXHCE K922l OD #9] UAE Yt
E coli 0157:H79} CFSZ 1:12 A3t AilFig. 1A), JK3S
A2t 11709] CFS A2 2% fou|gt A a3E gRlskict
(p<0.05). E3], TS1Z 47.64%, BK1< 43.39%, JK4= 32.97%
9] oA a¥= olsldet. S aureus?} CFSE 1:12 A23t Z2
IKFig. 1B), 12749] CFS A2 2} B Fough A% oA a3t
£ RI5IATH(p<0.05). €3], TD3E 52.81%, BK3+= 44.79%,
JK3E 34.94%9] 9A| a3+5 ERIsIHL}. MIC test A3 £ coli
0157:H79] digte] A a3t &2 TS1, BK1, JK49}, S aureus
o] tfsto] oA FAr} =& TD3, BK3, JK3S AEsiqich

CFSO| 2Jt Hil=9] biofilm &M x|

Fig. 2& E coli O157:H7°l tiete] =2 JA|83E E2l CFSE
SAlol AFjate] 2441%E 72417 vt H AAEte] 595 nmo
A =5 &A% Aol £ coli O157:H7°0 TS1, BK1,
JK49] CFSE Asto] 24417 vifst AaKFig. 24), 3% &%

ron

150

=

=
H7
w
o

T 100
e ab

%

biofilm (%)
biofilm
o

o
2

E. coli 0157 HF
I

E. coli 0157

L}
NT TS1 BK1 JK4

NT  TS1 BK1 JK4

24 h 72h

Fig. 2. Inhibitory effects of CFS derived from lactic acid bacteria
on E. coli 0157:H7 biofilm. E. coli O157:H7 was co-incubated with
CFS of TS1, BK1, or JK4 for 24h (A) and 72h (B). Biofilm formation
was determined using crystal violet staining. NT: not-treated.
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FYIHO = £ coli 0157:H7°] biofilm A &3+& SlstATt
(p<0.05). B3] TS1E 61.76%, JK4= 66.55%2] folZoz 7
St AAI5S ERIst o, BK12 55.1%9] AAI5=S &RIsHFict
22 oz 72A7t wiekst A3KFig. 2B), JK4olA E coli
0157:H79] biofilm 40| 48.34% TAF o] 724 Alo|E &
AtFt. Fig. 32 S aureus©l| Hote] &2 JAGHE H
CFSE BAl A2fsto] 24A17E 72417 ajdst | F4isto] 595
nmeA FHEE 4% Zoltt. S aureusell TD3, BK3, JK3
£ Aol ARt F 2441 HiefRt AxkFig. 3A), JK3RE 64.48%
2§92l biofilm YA 837} U ERIstT:. TD3}
BK3&= 28] ol S/t =S Bk 72417 vkt A Fig.
3B), 24AIt i o2 S UERGITE 389 AR F
TD3%t S aureus®) biofilm B/3& 28.79% AASIFLt. 72417
Hjost -, TD30] 9lste] R9X o0& S aureus®] biofilm &
/g0l AA|=|UARE, 24417 vt S 5] STt S7tst
It BK3E S aureus®) biofilm 343 AAIoHA] Hol= A2
2RI, JK32 24417t viFe 73 72417 vt 7392}

j ey [7Rcy
T w0 §°\:15°
SE E
E=3 L=
160 120
48 @ 8
50 50
o ld

NT TD3 BK3 JK3

NT TD3 BK3 JK3
24h 72h

Fig. 3. Inhibitory effects of CFS derived from lactic acid bacteria
on S. aureus biofilm. S. aureus was co-incubated with CFS of
TD3, BK3, or JK3 for 24 h (A) and 72 h (B). Biofilm formation
was determined using crystal violet staining. NT: not-treated.
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29 biofilm F4E 45H AL stk

CFSOi| 25t Hawo| & x|

Table 2= E coli O157:H72+2] §kgo thgt Al R4 TS
BK1, JK49] CFSE A A%t # 24, 7245w
serial dilutiondt®] £ coli 0157:H72] A% JA a3 &Rlst
Ak, 24417k A2et 49 Rt Hlwste] oF 1 Log CFU/mL
dasiglon], 72417 A2t A%, thRat vlwste] oF 2 Log
CFU/mLE o308 TAdh= kS Btk 3719 Agds 2
5 CPSof| 9J8f) Zadh= 3RS HAARE 24417 v miHct
72A7E B o o 2 Z0& 7HASIGItE Table 32 S aureus
oFo] vkl tigh A §4k#<l TD3, BK3, JK39] CFSE A
A2et H 24, 72417t Bt vl & serial dilutionst] S aureus
9] % A a3tE RISt Adtole}. 3719 w2 22 24417t

—_

)

o

Table 2. The growth of E. coli O157:H7 in the presence of CFS

E. coli O157:H7

Time (h)

Treatment Log CFU/mL? p value®

Control 8.31 £+ 0.052 -
o TS1 722 + 0.013 0.0002
BK1 7.23 + 0.151 0.0030
JK4 745 + 0.049 < 0.0001

Control 8.43 £ 0.053 -
79 T81 6.54 + 0.072 < 0.0001
BK1 6.22 + 0.069 < 0.0001
JK4 6.49 + 0.044 < 0.0001

® Results are shown as average + standard deviation.
® p values are obtained by comparing to the control.

Table 3. The growth of S. aureus in the presence of CFS

S. aureus
Time (h)

Treatment Log CFU/mL? p value®

Control 743 £+ 0.091 -
o TS1 7.20 £ 0.156 0.1481
BK1 7.30 + 0.061 0.1723
JK4 8.15 + 0.037 0.0005

Control 8.07 £ 0.073 -
79 TD3 5.90 £ 0.082 < 0.0001
BK3 5.86 + 0.140 0.0005
JK3 852 + 0.110 0.0754

® Results are shown as average + standard deviation.
® p values are obtained by comparing to the control.
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A2t ¢ttt Blalsto] ROl o= 4siz] okt S,
T2AIZ ARt 739 izt wlarste] TD33} BK39l| ofsto] of

2 Log CFU/mL ZrAshe 7A3kS B9k

a3

U ARze] e Ao 2 e EEgt f4kte] CFSE ol&sto]
ASEatdt 5 33249 £ coli 0157:H73 T3P+
S aureus®] W3t biofilm ¥ A% A 83} E4S IRkt
AL} CFS A2 Al pH 6.52 EAslo] §714ke] g0 = <l
Sh pH #3}9] RS viAIgto 24, B A tollA fANFS] AE
o] ozt APEaIRIS AT B3 fANFe] RS
bacteriocin¥} 22 | 283t A9 ZoE &
o, AR R AR & o] R SR wet FHEE F
F 2 24 Aro] Ko7t e A= YZHEHKim er al,
2002). £ coli O157:H79] TSI, BK1, JK4®] CFS, 18T S
aureus®| TD3, BK3, JK32] CFSE ZZ}F BAlo] A2ste] vt
A7}, TS1, BK1, JK4= E coli 0157:H7°) disto] A% oA 2
biofilm B4 A &3} S-S ERISIFHFig. 2, Table 2).
9 S aureusell tiste] TD39F BK3= 72417t v Foll ARt A3
A B} QAL JK3= A A Bk SIAIRE 24417 B
H2 o biofilm A A} 78 ZcHTable 3, Fig. 3). A
g 2 A5 5ol 222499 £ coli O157:H73 IHF 3+
Q1 S aureus?] biofilm B4 JHZ FojH o0& AAIgH #5271
o] gkorom, vijokA|Ttol W A oM E3L TYokA| ¢
AL Solslgiet. U] biofilm B4 WA HAAE 9
3f| cello] 9o Falotal, thZo = AlZW 35 E Al=E7E 84
59 o8] sl G b2t FAdER= Igo] 4t
ofof gttt WEhA biofilme] A= #o] A AAIHHA 54
ol biofilm® @& JAHAY, E= Al biofilm 22 3
d& IAlok= F 71X R0l g5t AoE A ItKHerald
et al, 1988; Marsh er al., 2003; Roy er al, 2018). & A5
I B9l AR IR ARRoA EEgt AN 5 TSI, BK1, JK4
£ J833499%] £ coli O157:H70l| thste] e d+] A4
biofilm B/3& SAl JARIIL 531} ¥Hd, 2 dtoflA 1
HF3RI S aureusel tigh A A= YFFH O R bacteriocin
o] I+t biofilm P47 WIS Wofghth=s APA+Y
Ao} A= AE AYTHKim er al, 2019). HLAgwol o
e A AA2} biofilm JA|Y| et 712 ook 913t tekst
F&5AT7F oS

TAA L AtAl] AL 7 AlEEdERt ofye, o]Eo]

rlo oft
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FAol= A1F Hall842l biofilmE IJAIsH] At A9 S8
82 AR Tl Aol 11 5 IRAEA EEE AN
O E coli O157:H7, S aureus, Pseudomonas aeruginosa,
Salmonella Typhimurium®} 22> 7ol tist a2 a7t
of et A7k A% A olFoIA1L UtHAdesokan er al,
2008, Obadina et al, 2006, Puttalinggamma et al, 2006).
Axet F WaAFORRE B, 543 Helicobacter pylori
AR SAYF Lacrobacillus plantarume 1HFAT D 15
‘gato] e AT Bt ozt AW AE 71 A8E EoF A
& nEHo]gAR &gE Z0= J|tfHrHLee et al, 2008,
Apostolidis ez al, 2011). 8, grbzo 2 wufjsl= 7R} =
W ARl A S B o= vk 7R 9] Haagy} e ok
A Hlugk A, gAYl B = A, ks, 8L
ok {3l PBEET fAFo] AR AR HEF: ESH U
2309} WIS T AR AR & ST A R 1A
A7 AdStthLee er al, 2019). T3 = ARztoA] A|z3t B4
A B8t Bacillus licheniformis YB-12349] a-amylase AJ4t
oB.S gRlsky 11 B4 EA3EZ A+ A3, pH 6.0014 i
4 AT, Foj st egAdo] wi- =9ktHLee er al, 2012).
T AR o 2 HE BEg FE FEF B4, Asts)
2 16S rRNA F44F Q7|4 Hof| A 5785k, &
o] E4Z sty gt 97t &S] o]FoiA| L 9l

P g algolx Bejd gAY tAKEES o] &
=9 23 9 gFayo] Wik dhs ofF] mjH]|
Al 2 A AR R AR 2 RE /o]

O o
ot o
N

ox,
i)

o o oo
(¢]
E-
i
S

m> ok

:

o o o
b
1o
)
ox

e ikt 284de FHAe RN FF FardEs o8t
7157AFE 5 Mz AAEOIA S fikdAIAe] 2A= 28]

N
Jr
ﬂl?li o
paus
ki

A=,
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