H&@S[% Korean J. Food Sci. Ani. Resour.
1978 Vol. 30, No. 2, pp. 328~335(2010)

- ARTICLE |

Ux|ollM E2[8t Lactobacillus plantarum LHC529]
QTEES| #sy AT

|57 - 31 - HAMZ . o0ist - Hojat - ZSE - RIS - BEA
S20FY FUSVTY F4HEol 83, 1SRN FEA LT

A Study on the Sensory Characteristic of Yogurt and Antimicrobial
Activity of Lactobacillus plantarum LHC52 Isolated from Kimchi
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Abstract

The aim of our study was to develop a new starter culture for fermented milk. Polymerase chain reaction screening of 103
acid-producing isolates from Kimchi identified 72 Lactobacillus strains. The ability of the strains to inhibit the growth of the
food-borne human pathogens (Escherichia coli, Salmonella Enteritidis, Staphylococcus aureus) was measured, using a con-
ventional paper disk method. Among the 72 strains, strain LHC52 displayed potent antagonistic activity. Use of 16S rDNA
sequencing and the API SOCHL system identified the strain as Lactobacillus plantarum and it was designated L. plantarum
LHCS52. Biochemical analyses revealed especially high antibacterial activity against E. coli. Yogurt produced using L. plan-
tarum LHCS2 did not show different microbiological and physicochemical properties compared to conventionally-prepared

yogurt, implicating L. plantarum LHC52 as a useful, potently antibacterial starter culture for yogurt preparation.

Key words : Kimchi, Lactic acid bacteria, Lactobacillus plantarum, antibacterial activity, fermented milk
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o] Yeh= Ao 2 d#A UtH(Mheen and Kwon, 1984;

Lee and Kang, 1996). 71x]2] 2o #fsl= nAYEL]
SAEFE viFY FE(Lee er al., 1994), TELE9} A

(Ko et al., 1994y50] 28] B JekS
HA QdaL, 53] 59 JIe] 7P
ATH(Park et al, 1994). 1AX]
20-30°C] & L& Alel 7
(So and Kim, 1995).

T L plantarum®] R 15 AHBH milk-soymilkel]] L.
plantarum T &= B== Momordica charantia®} &35
A Aze FERE IAE hamsterd] H5o A |2
E0] A4S (Tsai, 2009), L. plantrum MA12 {5
powders 1l ZE|2HE ratd] o] A3 FY2HE 7
A a3E A3 tH(Wang, 2009). 18]3L L. plantarum
PHO4E 31A|E w920 Fo] A3 E(fecal)ollA fakt
F7F S7kska vk ZE2HE FA7F oF 10% A
(Nguyen, 2007)5}tHe S 2EZ9] 24 a9Eo] &

e Qo g
aces Jeid

FAHTE 5 L. plantarums

7P A mIER Uehdt
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3 AGEo] Rt 28]al L. plantarum KC2l°ﬂ Q
-(sH A 5= G712k H]—Eﬂ{-qoﬂoﬂ ,]6]— A = =3
A3} Staphylococcus arueus®l T3l F 70%2] e o] 2,1
th= X (Lim and Im, 2008), L. plantarum LP31|4 AY
e 2R HEE e B mdE
(Pseudomonas spp., Staphylococcus aureus, Bacillus cereus,
Listeria monocytogenes)2] A4S JAgt= B3l (Muller
et al., 20002} L. plantarum C11 F2HTAIA BHE17] 241
A AAREA PInCet JAIEE PInDS] REE- 23
2 quorum sensing(JESG~ 14]) pathways E3h] Z4
Aok H I3 (Straume ef al., 2009) 5 U] - oA L.
plantarumoﬂ 3t A Sy AHEe] g o

R SEECLE

RS 0183 Gl B A7 A wol o
FolAT Qe olfE FRHEF P4 A0 A A
e Bk H1a i DA 4TS S9 5
A % Sh FAE] A Hele) o Als 2
A Al A ] AR Fa317] o]t o
of 2 uhelg| Al A fFAHTS o] &3 B e
AT/} ool elE BT e FHEL 717 PR
ZEHEE o83 Ba fAlF A ode A9 gle A

Al Plantaricin®]

rlo rlr

goltt. webr 2 Agtollde ARG B rd=l
G YRR AT FUTE LS 2 A =
A}ou & FAES 2elEEA AL H3HS Bl
STEE XS B3 B57 EAS detslr] Ygtolt).
ME o oy
M=

h-d
A8 #FF9 ABT- S(Lactobaallus aczdophllus Bzf dobac—
teria, Streptococcus thermophilus, Chr. Hansen, Denmark),
ST-BO1(Streptococcus thermophilus, Chr. Hansen, Denmark)
9} LH-BO2(Lactobacillus helveticus, Chr. Hansen, Denmark)
£ AHE3HH

SUT 22| o ey
13 b BelE e 7 9L 0A Alwsh A
4 ew 8, A4 R AR Beld TERFYRY, 4°C

54, 4°c-1o?4_, 4°C-20, 20°C-5¢, 20°C-10¥, 20°c-2o<34_
=)o AN E 50 g& A2 EalskTh Eagh HRA
8E 47 Sterile Filter Bag(BLD Science, USA)°l| %3l
circulator stomacher(Stomacher 400, Seward, UK)E ©]&

alo] g BB Tk Bejalalny BeE AR 1 mLe A

sl AR Mo 7 814 T 100 uLE MRS agar plate
o] = (spread)s}e] 37°C vl 7)ol 48A17F v ksl A&
ot 72+ AlEE 9 F = (colony) 207HE F2H
2 Mate] BCP §H3u) | (Difco, USA)S| &4
(streak plate)> =2 2] & 5 37°C wjg7]ol 2417t vl
Fated 4F Aol ofsf et F7F =o g W=

S RIS} ERlE TS MRSHA wiR|d] HE &
37°C°ﬂ/\1 16A)1ZF wiFste] 30% glycerol stockS A %3}
o 2AL WEI(-70°C)el] Bste] AP AR

1z 2ol gt

Ado)| ALEE I dFEE WAA AT Escherichia
coli K99, Staphylococcus aureus KCTC 2618, Salmonella
Enteritidis ATCC 492232 AFE3}9TE. S aqureust brain
heart infusion(BHI; Difco, USA) broth& E. coli= Luria-
Bertani(LB; Difco, USA) broths ARSSIIAL, S Enteritidis
= Tryptic Soy broth(TSB; Difco, USAYE AFE-3}53T}.

|
A2 2w gd 1.5 mLe AR (12,000xg, 10
min, 4°C)3F & J5NE 0.45 um syringe filtersS A3}
o AAATh AdE FedS 1N NaOHE pH 7.0°
Z B3 & REere] WA vAE(E. coli, S. aureus,
Salmonella)ol] 3+ - A =4S 98] paper disk
method(Kim et al., 1999)2 AFE-3}¢] screeningd}ith. A
A7 =2E He)A] 2o 6 mm 2732] paper disk
(Advantec, Toyo Roshi Kaisha, Ltd., Japan)E &iL 40 uL
A AR 7hgE ol 7 Al 37°Col A 2441
Bt wiFate] et Askske B g A
S A% A RS HESHAT

H-S 93}l DNeasyTissue kit
(Qiagen, USA)S /\]-49- }] Genomic DNAS FZ3}%]3,
DNA A8& -20°C Wit Baste] A AM-EHA
%3+ Genomic DNA 2 uL(1 pg/uL)°ll Bioneer(Dae-
jeon, Korea)ol| A A|2Fsl -2t 16S rRNA specific primer
(Leuconostoc-F; 5'-GAGTTTGATCCTGGCTCAG-3', Leuco-
nostoc-R; 5-"AGAAAGGAG GTGATCCAGCC-3', Lactobacilli-
F1; 5-AGAGTTTGATCCTGGCTCAG-3', Lactobacilli-R1;
5'-TCTACGCATTCCACCGCTAC-3', Lactobacilli-F2; 5'-
GTGCCAGCAGCCGCGG-3', Lactobcilli-R2; 5'-GGGTTG-
CGCTCGTTG-3', Lactobacilli-F3; 5-AAACTCAAAGGA
ATTGACGG-3', Lactobacilli-R3; 5-AAGGAGGTGATC-
CAGCC-3") forward, reverse primer 2}t 1 pL(10 pM/uL)
2} Accupower preMix(Bioneer, Korea)S AF23}¢] PCR ®}
S 2 DNAE FE39th 53 2HE 10 uLe}t 500 bp
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DNA size marker(Takara, Japan) 5 uLE 1% agarose®l] #
7199538k f2kT 16S rRNAES 218}t PCR(Thermal
Cycler DICE, Takara, Japan)2 9|3+ A3 =7 A&
denaturationS 94°C/5 min, TH2- 94°C/30 sec, 52°C/30 sec,
72°C/1 min®E 30 cycle, PFAZC. & 72°Co|4] 10 min 7t
A1

dxHow Hejshy, AE et
289 2% AN ol 8slel M ¥ 3

54 3
F& 074 (DE/AXIO Imager Al, Carl Zeiss, Germany) 73
Aoz Fol nAEehy 549 S, T BE

S ZA}e7] $18] API 50 CHL system(BioMerieux,
FranceyS ©]-&315aL, 1 A=E 5 54 ZTE 713 (http:/
/apiweb.biomerieux.com)g °]-8-35le] FASIGCH HEHQ
T 53 9ot & 752 16S rRNAS 7MY 2
Aoz FYsgon tes Be o SRskit

FZ3F Genomic DNAZE- universal primerQl 27F(5'-
AGAGTTTGATCATGGCTCAG-3")2} 1492R(5'-GGATAC-
CTTGTTACGACTT-3") primerS ARMg-3le] PCRS F3)3}
GhJeon et al., 2007). PCR 4H&2 BigDye Terminator
V3.1 Cycle Sequencing Kit2 ©]&3%} chain-termination
dideoxynucleoside triphospate™ (Sanger et al., 1977)°. 2
ABI 3100-Avant genetic analyzer(Applied Biosystems,
Lennik, Belgium)& AR8-3t] @714 8-S AR5t 2
AE AFE2] 471 <EE nucleotide searching EZ 134
¢] NCBI BLASTN(http://blast.ncbi.nlm.nih.gov/yS AH&-3}
o i TS

L

=
2 o] AA|= Yang®} Chang(2007)2] W

puLE MRS AAuiA] 100 mLAl HE3kar, 18A17F <t

Hjok & AAE2](10,000 g, 20 min, 4°C)a}e] 45N

3]t ATt. 34e 5 NS 0.45 um membrane filter=
AstAct. A € wgds JF FAHIZ7|(PVTFD
10R, Tlshin Lab Co., Korea)S AF&-3te] AZ3IGc} 54
AZH A|EE 1mLe 0.1% trifluoroacetic acid(TFA,
Sigma Co., USA)°] =9]31, methanol(HPLC-grade, Merck,
Germany)¥} water(HPLC-grade, Merck, Germany)Z ]3]
soaking A]Z] C18 column(Eclipse XDB, 4.6x150 mm, 5
um, Agilent, USA)ol| S43Fe] <34} HPLC(1200, Agilent,
USA)Z Zeleilth. FelPHe A5 79 5 108 3 0.1%
TFAZ A|Z&}ar, TR 208 7t 0.1% TFAS &3t acetoni-
trile(HPLC-grade, Sigma Co., USA)S 0-100% linear gra-
dient, P} 5E 7HE 0.1% TFAZS -3 acetonitrile

il
*
3mL MRS HAMIA]ANA Al P (Ay; 0.8)H T4 100
=
o
=

100% g2 SFAIAT 742 1.0 mL/minZ X5}
o} 3 £88 BE F ¥ AAXVE ARSI
LS AA dkal 20mM Tris-HCI(pH 7.2) 1 mLol] <]
ey SO ARSIY. g S8 BEliy
St 24 AlgollA A3 paper disk methodol] F3he]
Yl Skt

RTEE MZ=E AEH # M=

[TE2E AZXE 2 ¢ Az iFHAelA &
St L. plantarum LHC52Z MRS broth 4 Lol HE % 16
AR ket vl S A4l EElst miYF s s AlA
3k o2 Je AAE HAH 0.85% saline £S5 AL8-35}
o HEAA AT TS o E AHTES v
B3 & upxut 4] BEejE 7AlE EURRTE AMES)
o 54 Ax3AY. 54 Az A5 ZEE T Alx
B8O AP -5 WEs] flal 0.1 g2 ARESke o
I 5947 1.0x10"/go 2 QT 2E A28 2ElE dF
2 AR 7Fs s SRlskit. B dxd dE AR
WEA(-70°C)el] BAste] QF2E A x| ARSI

STFEES| =

AEF 215 27 114 Fulste] 92°Col A 1083 &
g & 40°CE YFste] tixz7= 448 772 ABT-
5(Chr. Hansen, Denmark)E 0.01%(0.1 g/L) ARS8, A
g7E 54 A3 Bald L plantarum LHC52(0.033 g):
ST-B01(0.033 g, S. thermophilus, Chr. Hansen, Denmark):
LH-B02(0.033 g, L. helveticus, Chr. Hansen, Denmark)E
1:1:1 HIE-2 0.01%(0.1 g/L) H=E3}e] 40°Col|l A SAIZE wj
Fat] A3k

L. plantarum LHC52 #7} QFEEQ| &gy

Axg Q72 ES] gy 82 AL (agar
well diffusion method)S Lee 5(2009)2] HHo 2 Hylst
A}, Petri disholl 8 mm 2739 metal borers: &¢ =11
E. coli= Luria-Bertani(LB; Difco, USA) agar, S. aureus=
brain heart infusion(BHI; Difco, USA) agar 1¥]3l .
enteritidis= Tryptic Soy agar(TSA; Difco, USA)°l| Z}Z}
HE3le] Fo] 23 % metal borers A AL, R|AIH0]
HEHA S A2 agar 0.05 mLE olf&S 22 ¥
TS 4°CollA 2h3] Z3Th AxS SF2E 100 pLEs
ol FAskaL 4°ColA 12413F WAGE $- 37°Col|A] A
FaidF 3 A 2715 S48l metal borer®] A&
8 mmE 7oty Tt o Rz FAISIAT

pH £d
pHE pH meter(pH/ion meter 450, Corning, USA)Z =
At
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oD &3
OD+= Spectrophotometer(UV-1800, Shimadzu, Japan)E
ARE-8E] 600 nmellA Zg8Act.

i A - $ AEE AR Ao 34}
of FHojk o g BCP 38X (Difco, USA)] 1 mLA
=)

SPIeC
av=ES WM, Y §9, FuIE FHe

Milkoscan FT120(Foss, Denmark)Z Z%3}it}.

2sHA

Wod FAG7e IS dTees Wdes
157 9] e Addsto] Algo] 23 A4 §of,
WPIE & AN F A Bk A,
0, 223, g, a2Ea AnkERl Z1s ko] diske] 93
Aoz drstlon, 9xe thas] o, 132 e
3] vz Yepf ik

SAEN

A= SAS EG Z2ae] PRI o R Bas)
AL, AT HE HluE Ttest B3te] o4 7
A(0=0.05)% AAEHATE

I
14

g nE

e fig B2 K SH

AXEZRY FUAZEH 4254, 20°0), 573717KGS,
10, 204)S GEl3t] £t o 14055 BCP SHdulA]
£ o]&3le] 10359 A T-S SIS 10359] A
A7) Geonmic DNAS} LAB 16S rRNA  specific
primer 452 A18-3}e] PCR WHOE DNA £ 3 7]
Jzste] kT FelS SFHTHFig. 1). &2l B 72709
FAE 5 HYA vAE g dud o 2y
2SS 20°ColA 5U3F 9% 2/ T5(L. plantarum
LHC52)7} at&d/do] 71 ZshAl velbstt. o] &9 o
TE FHISH, sty SA4S 2ARE A% Gram 44,
catalase &4 1|1 ¥AE FATIA Ee= HITAY
bacilli FE)2 =t 18]3 API 50 CHL kit(Bio-
Merieux, France)E AR&-3}o] H2ji9] o o] &4 ZA}
(Table NE 53+ o 4 A3} L. plantarum™} v]-$- A}
sk o2 WAHG Bt A TS flste] £
9] 16S rRNA 97| E-S Z7d3k31(1,387 bp), NCBI
(National Center for Biotechnology Information, http://www.

M 1 2 3 4 M

Kb

3.0

2.0
15

10
0.5

Fig. 1. Agarose gel electrophoresis of the PCR products by
using lactic acid bacteria specific primers. M, 500 bp
DNA ladder; 1, Lactobacilli primer 1; 2, Lactobacilli
primer 2; 3, Lactobacilli primer 3; 4, Leuconostoc primer.

Table 1. Carbohydrate utilization profile of the LHCS2 iso-
lated, as determined using the API 50 CHL system

Carbohydrate Reaction  Carbohydrate =~ Reaction
Glycerol - Salicine +
Erythritol - Cellobiose +
D-Arabinose - Maltose +
L-Arabinose + Lactose +
Ribose + Melibiose +
D-Xylose - Saccharose +
L-Xylose - Trehalose +
Adonitol - Inuline -
b-Methyl-xyloside - Melezitose +
Galactose + D-Raffinose +
D-Glucose + Starch -
D-Fructose + Glycogene -
D-Mannose + Xylitol -
L-Sorbose - b-Gentiobiose +
Inositol - D-Turanose -
Manitol + D-Lyxose -
Sorbitol + D-Tagatose -
a-Methyl-D-mannoside - D-Fucose -
a-Methyl-D-glucoside + Gluconate +
N-Acetyl glucosamine + 2 keto-gluconate -
Amygdaline + 5 keto-gluconate -
Esculine +

+, positive; -, negative

ncbi.nlm.nih.gov/)2] blast programs AF25}] GenBankol|
SEE 16S RRNA FHAEH 59S vlwsdrt. 1
A3} L plantarum strain  SC56(Accession NO; GQ
461604)5-A A2} 999%(1383/1387) FsidS Rt uet
A B dFe JAF L oplantaruml. 2 FARAHIULSH, L.
plantarum LHC522} HHE 37t}
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Z gnEEe ey
A A 2 FHEAS paper disk methodE AFE-31]
A HAEe dE IS ZAFATHTable 2). L

A} E coli, S. aureus, S. Enteritidisol| 3t st & v+
Z¥7t 9.440.83 mm, 6.2+0.62 mm, 4.6+£0.56 mm=Z E}F
o}, fakte] 3tE-E (bacteriocin)e] B& EF7F 2% oF
Adtol] gt St EdR= =0} St spectrum©] FOF 1
2 Aoy 85, Fgolof tiaixe A steo] gl
th= X1 (Klaenhammer, 1988)9} Zo] 13k kA<l &
aureusO| X F& FHEE BAAT, E 34 1 FHH=
9] a9 34990 E colioll UE] ¥ =2 IS B
Atk o] AL LHC527} Ik &2 o] cheese starter
T2 Lactococcus lactis sbusp. lactis7} A3AVel= 134
bacteriocin®! nisin(Taylor e al., 1949)¥} Zo] d+ WY
7} He goEdE FHE 28 s v|dA] g
L. plantarum K110] 2K BH| 2] QA& £ coli 01579
3t FFEFr} Ers Bal(Lim and Im, 2007)9} A
st A¥E Rt &% grELe] §4S F o A4
o7 moaty] sixe theket W) AgA1¢k SDS-PAGE
£ o] 83 A A7GEol o3 EAF =4, mass
spectrophotometer 250l 2]t olw| Al Ad AA 3} F
Aol Fasitta AdET

Lactobacillus plantarum LHC5237} QT2 E9| {4t

T

L. plantarum LHC52S Z~E}E] HdF& ARE3to] A %3
QTEES] B HS ikt 5 AlFste] Table 39 1}
BN o2} L. plantarum LHCS52 712 @&
A A = 42 7.32+0.04, 7.35+0.05 Log CFU/go|
o wg = Z}7}; 8.76+0.05, 8.82+0.08 Log CFU/g
o= Zrhedoy txTet ATty o3 Aole
Ueh A @ttt R TF2E AT fHAHTE vteE
A7t aF2E9 F4 B4 AFolA ABT-5E tiR &
EHEE ARSSE S FEEQ] fiktd S Bal(Lee ef al,
2009)°) Bls] 25 =2 AES YRSl Aol A4t
sk= HHElEeald 22 FAEA A HHo) & F
(species)®] Aldroluf Alaze] RS ARl AY s &
SHAl sted A= 2}7] Apale] Fo| oA 43 9

Table 2. Antimicrobial activity of L. plantarum LHCS2 (N=9)

Table 3. Lactic acid bacterial counts of the yogurt

Treatment Before incubation After incubation
Control 7.32+0.04 8.76+0.05*
LHC52 7.35+0.05 8.82+0.08*

Values are mean+SE
Means within the same row with different superscript are signifi-
cantly different at 5% level by the t-test.

& EHlshe ol B Aol AM-E L. plantarum
LHC52= WA mAEe] tigh a+t a7} AAARE =
ElE|Z2 o] AMSH Streptococcus thermophilus, Lacto-
bacillus helveticus®] T S AN A AA| S F2
UehiA et aREE AlE F 298 2a0lA
217 Aoz QAR ol vla) oKt EE Az
Kol B3t ~EE 52 A Al o2 ikt Aol
IS A gv Ao T AGE| L plantarum LHCS2
2 23 ey @72 ALgol JFssele BaEr)

L. plantarum LHC52 #7} RTEES| ME 4 % 0]

ststd 54

L. plantarum LHC52E ZElH dF2 ALE3sle] Az
QFEEY] 0]58td A4S Table 4o UeERAATE vz
T AN, B, §% e F2 pHe 212
3.41+£0.01, 2.72+0.01, 4.1£0.02, 18.49+0.01, 4.81+0.02=
oy, LHCS2 A7 SF=2EE Z+7F 3.37+0.01,
2.79+£0.01, 3.99+0.02, 18.43+0.02, 4.69+0.022 SFI=|ATH.
FRPAs FnERe £ 73 Aolrh Ueix sk,
pHE LHCS2 37} R P2 WA Lot 914
0l zpol= IATHP>0.05). ©]:= Table 39| Akt ¥3}
oF AR 3RS eS8 3 XA S L
plantarum T35 3FS 0|83 QFEE A|Z ATolA L.
plantarum- 2} A0 38la, 9 doZ QFEE
A ZAlo= pHE 4.08-4.30 HH7HA] th= X3l (Rhee
and Kang, 1996)2} fARE 43S YeRIT B oA+9]
LHCS2 7} Q7 =2E+% L. plantarum LHC52 ©Y H=
E AREsle] A Z3E Ao] olYal S thermophilus S} L.
helveticus®} 30| B35 A3 719 pHE 4.08-4.30
W9 Wl SR 5 4w A PN 2a A

Microorganism Indicator Activity

. . Escherichia coli K-99 F++
Gram-negative bacteria . b
Salmonella enterica ATCC 49223 -+
Gram-positive bacteria Staphylococcus aureus KCCM 12256 +++¢

Activity was expressed as the diameter of inhibition zone against each sensitive indicator.
Degree of clarity of clear zone by growth inhibition: +; 0-2 mm, ++; 2.1-4 mm, +++; 4.1- 6 mm, ++++; 6.1-8 mm, +++++; 8.1-10 mm.

Values are mean+SE (n=9).

Means within the same row with different superscript are significantly different at 5% level by the t-test.
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Table 4. General composition and physicochemical properties of the yogurts (N=6)

Treatment Fat Protein Lactose Total Solid pH
Control 3.41+0.01* 2.72+0.01* 4.1+0.02% 18.49+0.01* 4.81+0.02°
LHCS2 3.37+£0.01* 2.79+0.01% 3.99+0.02* 18.43+0.02% 4.69+0.02%

Values are mean=SE (N=6).

Means within the same row with different superscript are significantly different at 5% level by the t-test.

o Az,

L. plantarum LHC52 &7} QP2 EQ| &hn&y
L. plantarum LHCS52 A7} QF2EQ] &4

=4 4
= Table 59 YA} E colidll 3t 38-& tx
TE 10.82+0.58, A7 11.03+0.730.2 7oA &

Aol =9k, S aureusdl] T3 SHEHE FT+= 9.89+
0.61, F7H= 10.1120.672 YEF O, S EnteritidisOll
gt e IR 10.37£0.56, H7HE 10.51+0.69
2 UERsTh o] AdellA Al 7HA] AXTE BE iz
ol 18] AT FRBA] B FFS Ui
ox} fe1%) Aol UehtA chp=0.05), A2 o=
& 4, 8, 2%A7} Q72E7} Yok WS Ad S, aureus
KCCM 405100 W3l 5% oJ&F o= o] =r}st
The B (Lee ef al, 2009)9F QM2 E2ZES 04, 0.6,
0.8, 1.0% A7t A=k B} QFEEONA E coli, S.
aureus, S. EnteritidisS} 72 2155 Q52| A3 A|
&3 BIl(Hong et al, 2003)2} o] tAdS Ad HA
EZAET} L plantarum LHCS52E &3} AL&3sle] QP2 E
£ AxIHE oS s B vE vigt e
A 7Rl 8 FEEE Ax Jhseteer AAEH

= [
UE R TN §Y

=
WAA v|AWE(E. coli, S. aureus, S. Enteritidis)°l| T3k

Table S. Antimicrobial activity of yogurt added L. plantarum

LHC52
Antimicrobial activity (mm)
Treatment
E. coli S. aureus S. enteritidis
Control 10.82+0.58°  9.89+0.61° 10.37+0.56°
LHC52 11.03+0.73? 10.11+0.67° 10.514+0.69°¢

Values are mean+SE.
Means within the same row with different superscript are signifi-
cantly different at 5% level by the t-test.

Table 6. Sensory characteristics of the yogurts (N=16)

SHEA3S 7 L. plantarum LHC52E o|8&3)] A%
gt QFEES] FSHARE AAF A= Table 63
ok o] A, 3], 223 gt JAAAR] 71s 50t 7
Z} 7.31+£0.30, 7.31+0.25, 7.06+0.27, 6.56+0.31, 7.00+0.20
2 Yebdal, L plantarum LHCS2H7E QF=2E= 7247}
7.75+£0.23, 6.75+0.25, 7.06+£0.38, 6.56+0.38, 7.06+0.28 =
Aol loix= izl HIs] H7H QF2EA EA
yehgal d7)he tiz77E GRkE =4 e, o
7o A7) 799421 AfolE YeEpAlE &3kth
(p>0.05). 13 AL, B, HAHR] 7EEes T 3
ztolE YeR A= eFskth. A FllA e tigk s =
7} @A Yebd o= L. plantarum LHC52x2]0l] &3}
AR 44 A et Sl g ozt alglent At
oA HZo] WeFoR FAS FA uUth. 1AL of
e 98 FRIE o] X 519 ol s S
Eo] 7] wWiEe] Aoz AZET 9] QF2E A
AFE A =7l sk e dse] ofte] A
kgl Aew F=Hoh Iglal Q7 EE AR 9
oM L. plantarum LHC52 TE5HFE AFE31A] & 9]
G BETRT AN A E0)9) 7Je BEHOE L A3

4

o

1

L AR EEgE fARETolAT s HIZAE, uAE
o] Wsl, AR BAATA Bo] BE AJENA
9)F o7} YehA] ol @2 E A|Z9 L. plantarum
LHC52 #=9] AHE 7FsA3S ARl =30t S72E A
Zol o3 frhte] A Azto] B mAlES] S]]
Ao} G MeFoll QoA 83 ZE(Dedios er al,
1978y 3tEE A E 71eA T3 5 AztelAl f
oA 2gshe e dFet wE fA1F NS A%
Al A7t 9o Aoz AztE)

Y Lo e
12
et

o, to ™
oft
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o
i)
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>
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Treatment Color Flavor Texture Taste Overall
Control 7.31+0.30* 7.31+£0.25% 7.06+£0.27% 6.56+0.317 7.00£0.20*
LHC52 7.75+0.23% 6.75+0.25% 7.06+£0.38* 6.56+£0.38* 7.06+£0.28*

Values are mean+SE (n=16).

Means within the same row with different superscript are significantly different at 5% level by the t-test.
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ALgslke] WA UAE(E. coli, S. Enteritidis, S. aureus)
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¥3}e] API S0CHL¥} 16S rRNA sequencing WH O 2
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