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Abstract

This study aimed to investigate the physiological characteristics and anti-obesity effects of
a newly isolated bacterium, Lactobacillus plantarum K6. L. plantarum K6 showed good o-
amylase inhibitory activity (96.78+3.29%), a-glucosidase inhibitory activity (92.55+9.62%),
and lipase inhibitory activity (85.17+0.79%), and the strain inhibited the adipocyte diffe-
rentiation of 3T3-L1 cells (27.4+1.4%) when present at a concentration of 100 xg/mL. L.
plantarum K6 was isolated from kimchi and its physiological characteristics were investi-
gated. A comparison of the sensitivity of the isolate to 15 different antibiotics showed that
L. plantarum K6 is highly sensitive to erythromycin and highly resistant to vancomycin,
ampicillin, and polymyxin B. This strain also showed high arylamidase and A -galactosidase
activities. Moreover, it was relatively tolerant to bile acid and low pH, and displayed resi-
stance to Escherichia coli, Salmonella Typhimurium, Listeria monocytogenes, and Sta-
Dphylococcus aureus, with rates of 51.8%, 42.4%, 61.6%, and 54.9%, respectively. No bio
genic amines were produced. L. plantarum K6 also showed high adhesion activity to HT-29
cells compared to L. rhamnosus GG. These results demonstrate that Lactobacillus plan-
tarum K6 has potential as a probiotic with anti-obesity effects.
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M

A4l sl 207 Hojrl vuke IAR=wWASE TEoF A 28 g W oF S} 7o
A7kt Agkt o] ItiMokdad er al, 2003). H[TA|R9] 7H} 283 H o2 §dh 45}
9 SAA o]t AN Triglycerides, TG ZA2E7t &2 59 1A F sIUREA]
TG &A= vvk} st sk} 218307 ATEtCarek and Dickerson, 1999). A
AEs) a4 (Pancreatic lipase)= 2304 TGE S45ohs AARA FPgolA EH|=1 TGE 7t
SRRt Lowe, 1994). mebA AR aA AAE B8 TG F5FIAE HThE HAok= 58
Aotk E, O A7 ghog epslE ViR a4el dut oplelA] 59 oAIE 5o 45}
ol ZeT TS5 Aok Zolth AAR o] Bhde ©5dlE A0lE AAsky BdlE 4%}
A7+ d3A gHKChiasson, 2006; Chen et al, 2006) €3], 8juel A58 0518 959
AALE stEE TR 7RASH ] flof 71&9] AHES AR ofYzt ke S5AAlE BAll
3= HhHo] ;37)(7} & A0F HAHKim er al, 2003).
Probioticst &F6=2] 7430 W9 F3t a3E F= ol 73 n¥ER, 189 =
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4, 9% Y AEHE Aot F9 ST T2 8T e
A B3, oF o, WHAA 24, AAdAL A 5 A+ At
7} B QlthBhathena er al, 2009; Lye er al, 2009;
Rafter, 2004; Baken er al, 2006; Kim et al., 2014; Kang et
al, 2013). Atk #Z W AFE°NA probiotics?] ARECE
QIgH BIgte] o Fal7F BE|3 itk Song 5(2013)2 4%
o A%} &3} JA| a37} QA= olE L plantarumCE W&
AZIH 11 337} B $716k= A& YT Kim 5(2010)
o A& B3t Baciilus subtilis KC-35 o83t aT=§
£ 3T3-L1 AgA|=o] ARESE 23}, A B4 Ak A
242 Ao g FAsidcky B usigith E3 Moon $(2012)
9] Bto] oJehd AX|of|A 2ot Rikda=l Weissella koreen-
sis OK1-6F 3T3- L1 AlZ9] AAFAE Eopx o] AR 2
I}, A2} AE FHgo] ] Zopitkal BElow, Kwon
5(2004)Z 1AHAolet 3 A fANE F2E EES VIRt
A3}, A5 AsHEgt op2t BERAY) &S AAsta E x4
< A7l 2IE Bsltt. w]A3Eo] probioticQ 24 52
3 B3 5] AsiM= oA oA EAS AHof aith
Probiotic FH 2] W2 pHe} F54tol tiet WS AJHof stal
orgAJo] &R generally recognized as safe(GRAS) T]A3Eo0]
ofof gt} E3F #5552 A #ulof K& o] 7hsdlof i, HY
ol gk ol U, 7Hs 2 AR F A% AL 8 fAT
4 Qlojok SHHLin er al, 2006; Lonkar et al, 2005; Rial,
2000).

B 7= AX2RY B - M9 Lactobacillus plantarum K6
o] 754 AEoE HE 4= QA Yols] sl L. plan-
tarum K69| B|gE A ael g2l E4E ARSI

1. Za 22

747y A9 FR7F e A4 4052 skl BERaEE HE
(Bromcresol purple)d} AFOFA| =(sodium azide)s 715t H
%@ MRS ¥iA(Lim er al, 2011)° 0.1 mL4 HHETHOoE HF
Sk & 37Col|A 48AJ7F vietal wFehE HE MRS HiX[oA] &5
25t ohg o2 wgl HeEE A Ao R Aol
o}, Add F5= 7] Y MRS HiAlo] 23t &, 57 wjokslo]
&R E819L) ¢4 28] & Lactobacilli MRS broth (Difco, USA)
oA 37T, 18A17F st TS tryptic soy agar (Difco, USA)
slanto]] 37CofA 18A7F vleFsto] Hsigict.

2. Lipase Migd £d
Lipase GAIZAIL Lee 5(2007)Y ol wet Porcine pan-
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creatic lipase (sigma, USA)E °l&st] &AsItt. Porcine
pancreatic lipase (sigma, USA)E ©]-85}t9] lipase /4415 %
TE A5 o v 0.08% p-nitrophenyl laurate
(PNP; Sigma, USA) €9, 0.1M Tris-HCl buffer (pH 8.5), 10
mg/mL lipase 883} 3HA plateol] do] 37CoA 24|17k 9t Bt
SAFHLY. ¥R & 405 nmOllA] absorbances S48t 9™, blank
£ enzymeS $FTE, control AlRE S0|E A5} Li-
pase QAL tha9 A o& 5190

Lipase inhibition activity (%) = {1—(A/B)}x 100

A ; AR absorbance, B ; control®] absorbance

3. a-Amylase AXE =H

a-Amylase 84 Adlls 582 Xiao 5(2006)9] HHES HBAA
B 4%o] 0] 8319t} ¢-AmylaseE 0.1 g/10 mL L2 FF5
£ o]&3) 3A7|1, 7RI 71 HEZ SRR 0.5%= AR
et & A|=9} S3ksto] 25T AlA 10824 ¥-sA1F T 0.1N HClE-
Ho g H3Z FAAX F iodine &S o]-&ste] 3087t LSt
o 660 nm=Z FFEE St Zik= e-amylaseTS Aok
P fot AlRE Egoto] APsiis el S8=E H|uwsto] 1t
BRI

a-Amylase inhibitory activity(%) = {1-(A/B)}x 100
A ; A1&9 absorbance, B ; control® absorbance

4. o—Glucosidase LNIEN =X

a-Glucosidase ZA49A| 21} 2742 p-NPG (p-nitrophenyl a-
Glucopyranoside)= 7|4A= AMESH= Si 5(2010)9] B o8
ottt A& 50 ulE 0.75 unit/mL e-glucosidase A4 50
uL, 200 mM potassium phosphate buffer (pH 6.5) 50 uL2}
Zgk51o] 37CoA 1083F preincubation$t & 0.1 M phosphate
buffer (pH 7.0)°1l 4591 3 mM p-NPG 100 uLZ 75t} 37ColA
1087 BRAIFTE 0.1 M NapyCO3 750 ulZ ¥k FAA17]1 1L
405 nmolA SB=E S5kt

a-Glucosidase inhibitory activity(%) = {1-(A/B)}x 100
A ; A1&9] absorbance, B ; control®] absorbance

5. NE M=8 =% (MTT assay)

Alzof digk Al AYEE2 Mosmann (1983)2] W¥o] wet MTT
{3-(4,5-methylthiazol-2-yl)-2,5-diphenylte trazolium bro-
mide} assay WHog sty AEE 16x10° cells/wellQ]
SE=E 96-well plateo] #6111 24417t v} & wiAE A A3
. o7l A22 Dulbecco’s modified Eagle’s medium
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(DMEM; Gibco, USA) 100 pLo &= ¥= 343t A]=(10, 100,
1,000 pg/mL)E 7t A7Iote] 24A17F viFet o 5 mg/mLE
23 MTT (Sigma, USA) €9 20 uLE Z- wello]l A7, 44]
7k B3t vkt S E = e = AASH, 2 wellofl 100
£#L9] dimethyl sulfoxide (DMSO)E #7}5to] FAE formazan
ZAL &3)|A1A ELISA reader(BioTek, USA)Z 550 nmolA &
BEE S0k A=) tigh Ao BEE2 th3e] Aos +
3

Cell viability (%)= 100 - (A-B)/Ax100
A @ Control9 absorbance, B : A& g9 absorbance

ol

T

6. 3T3-L1MIZE Y & =3t

3T3-L1 A28 352 Hemati 5(1997)2] W
Bolgltt. 3T3-L1 AALAEE = AlZ 29 (American
Type Culture Collection (ATCC), Manassas, VA}S S5t -
Aotk Agof ARG 3T3-L1 AHHTAEE 10% fetal bo-
vine serum (FBS; Gibco, USA)# 1% penicillin-streptomycin
(P/S; Gibco, USA)°] X7k DMEM BiA|E o5} 37C, 5%
C02/95% air’t 355 249 F=7](incubator)ollA] HiFsH
ot 3T3-L1 APHAFAEE &3} fEol7] ffoto] AEE 6 well
plate®] Z+ wello]l 1.25%10° cells/well2 EF3511 2 & HjZS
wgksto] 3~4UAR o] A7t As| g7 =A Stk 5%
Ao Al Adol= 10% FBS?F MDI solution (0.5 mM 3-iso
butyl-1-methylxanthine, 1 uM dexamethsone, 5 gg/mL in-
sulin) (Sigma, USA)= A2jote] 315 FEotiaL, oldf, A&7t
AGA| RS v FFE BEol] Slof AEE sEHE
Aslalct. 28t fk 29 &, viXE A&, 10% FBS, 1% P/S,
5 pg/mL insulin®] E3% DMEMO® wWesl, £3} 4% 49
A= ARt 3 2900 T 10% FBSe} 1% P/S7F 33t
DMEMO & wetsto] A2 EIMA[A 87 AW F=3h AHA
oA ARSI

wgslol 4t

7. Oil-Red O M

Az W B Ade] AR Al i FH AHtet ol e
2 ¥k Oil Red O (Sigma, USAYE AREsto] &75t9ict.
Oil-Red O ¥ 92 Ramirez-Zacarias $(1992)2] WS oF
7t H3gsto] ARESIGITE HA A et S A2 uiRE Al
A3t FHoll NZE PBS= 21 Al&31aL, 10% formalin®= 4ToA
1AZE B9 1783 tha SFE 39 AlEsHIHh AldE Alze
Oil Red O working solution (stock solution: 3.5 mg/mL in
isopropanol; working solution: 60% oil red O stock so-
lution and 40% distilled water) 0.2 30% 5o AL0j4 HAs}

www.ksdst.org

ot I & MBS A ATt ZF5E o] 83 3¥ A AT o
zaxz wolo] o7 FujHos Bslth ZAREe] HRe
za22 A5k, A5 uk2 wello]l 100% iso-propyl alcohol
= 2 mlL H7I31e] Oil-Red OF WA 854171 F ELISA reader®
520 nmoA FLEE =A4s519Th

8.

= - A% K6 7= MRS AAH|A|o|A 23] o) At wigst
of B & T Ao AREslh Z4te] 5742 Hammes
5(1992)9] "ol ofste] AAJstSIH:. % £eE w5+= Gram
AA, TR, 3714 9 @714 A, Catalase A4, 15C ¥ 45
ColX9] A, glucoseZFE 714 XA, arginine S ZHE am-
monia FAS 451, dul7 &It API 20 strep kit(API
bioMerieux, France)E °]83t & @& AF-E HAJstrt. 24t
9] DNA sequence #4ol= universal primer 27F(5'-AGA
GTT TGA TCC TGG CTC AG-3")%} 1492R(5'-GGT TAC CTT
GTT ACG ACT T-3)2 AM&3H9 o, solgent EF-Taqe AR&3}
o] PCRE AAJsIlt SE2 95C, 1588 ¢ $ 95C, 20%;
50T, 40%; 72T€, 1& 30%E 303 Al¥st9oH, 72C, 58202
e atgict, ME 42 PCR productE solgent PCR puri-
fication kit (SolGent, Korea)Z purify$t & ABI 3730XL DNA
sequencer (Applied Biosystems, USA)Z A5 E451%ct.

0. A Lid Al

A W A= MRS ARl L. plantarum K6 #455
%313, 3700 18412F HloFeE T 0.1% peprone 89%0] 44
=2 S48e. 7 AP 7 S W2 E3E ypric soy 9
Aol 10°~10° CFU/mL 0.2 31T 37Tl 48417
okt 5 Soto. Fslol A o}RE 2SIt A A
24e o) SHPNE A8Sdon, oAE T e BES
MIC(Minimal inhibitory concentration) o= AA5}HL}. &
A= Sigma (USA)ZHE] ofjste] ARgsirt. A= Amika-
cin, Gentamicin, Kanamycin, Streptomycin, Ampicillin, Pe-
nicillin-G, Oxacillin, Bacitracin, Polymyxin B, Ciprofloxa-
cin, Tetracycline, Clindamycin, Erythromycin, Rifampicin,
Vancomycin @ ChloramphenicolZ Al&o] AR&3}13ch.

10. A2 AlA

MRS AR A 37C, 18417t &<t WSt L. plantarum K6
FFE A AR F4s10] 10°~10° CFU/mL 529 AEE =
Algt 3, API ZYM kit (API bioMerieux, Lyon, France)& ©]-&5
o] 37ColA SAIZE vigsE TR EARRSAIF T BAE/GS BEM
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AEE HWsl] 0~59 FAZ EABIGOH, iR o]9]9
alkaline phosphatase, eterase(C4), esterase lipase(C8), li-
pase(C14), leucine arylamidase, valine arylamidase, cystine
arylamidase, trypsin, chymotrypsin, acid phosphatase, na-
phthol-AS-Bl-phosphohydrolase, a-galactosidase, f-galac-
tosidase, B-glucuronidase, ae-glucosidase, B-glucosidase,
N-acetyl-#-glucosaminidase, ¢-mannosidase, f-fucosidase
A0 S SAIA

1. LIEEY 48

Gilliland®} Walker (1990)9] ®rHe] w2t MRS HAEfA|A] 3
7C, 18A17F Wi¥E L. plantarum K6 #FE 0.05% cysteine©|
S35 MRS HAEIAI] 0.3% oxgallS 715t Bix|9} tj2F2A
oxgallZ H7FskA] %2 wjA|o] 242 1% HEst3t 37CY] in-
cubatorollA} 7AR7HA] @71efokstHA] AIZPEE BCP plate count
agar oA Fo] 31 F 37CA 48A17F E7]uiFote] Aot
et

12. pH LA

Clark 5(1993)9] ®#o] whe} 37% HClE S50l 4101 pH 2,
3, 4 843} 2F2A] pH 6.4 XS AZoIHL, AZRH pH &
% 10 mLo 0.05% cysteine®] T-fE MRS HAER|oA 37C,
24N7v ¥l L. plantarum K6 #5(2F 10° CFU/mL)E 1 mLA
A& 3 37CoM @7] widkstHA 0, 1, 2, 3AI%E 39 BdrE
BCP plate count agar 3Ho[A Fo] &3 F 37ToA 48A1%F
71t oh Algit.

13. e del

Gilliland®} Speck(1977)2] ®3ol| whet <2 S0l AR8St A
At Bscherichia coli, Salmonella Typhimurium, Listeria
monocytogenes A Staphylococcus aureuss r=AEATA0
B2RE Bopoton, AAHS FAWIREA Escherichia coll,
Salmonella Typhimurium, Listeria monocytogenes, Staphy-
loccous aureuss= nutriunt YAERRA T7]HO0F 37T, 244
Zb wieFaloit. ekl 9 tiEto]l AR HiAl= MRS HAEfA]
A ZANF AAXTE 22 ZE5te] 37ToA 24417 i eFsiel
ot MENR2A Escherichia coli= EMB agar, Sa/monella Ty-
phimurium= Bismuth sulfite agar, Listeria monocytogenes
= Supplement(X123)7} -5 Listeria Isolation Agar, Sta-
phyloccous aureus= Baird parker agars ARE3}o] 37T A
OAIZE B FstSiTt. ZAktol ot AAHt] A& thae] Ao &
Tt

224 | J Milk Sci Biotechnol Vol. 35, No. 4

Inhibition (%) = (&Y ¥ CFU/mL—E3Y 39 o<
CFU/mL)/dZ+7-9] ¥ CFU/mL

14, YL 224y

Aol AgeE HT-29 A= SHA| 232-28)(Seoul, Korea)& &
sto] 5 A, Kim 5(2008)9) ®o] wet 10% fetal bovine
serum (FBS; Gibco, USA)T 1% penicillin-streptomycin (P/S;
Gibco, USA)o] X71El RPMI RIS ol8slo] 37T, 5%
C02/95% air7t 3g== 249 F27(incubator)oll A HiFsH
t}. HT-29 AZE "igs] 9ste] AZ2E 12 well plate®] Z+
welloll 10° cells/well2 B}, 2%0] 3 ¥4 wjXE w4 3
o, Ag A, 95%7HA] A 27F HS W serum free medium©2
WA cello] B ol A= AZ woleitt. #2] A W F2ks
< Ads7| sl 22 Aeiget +== 1 mLE FI8 12,000 rpm
oA 387F YAESIAL serum free mediume &3] F ¥ Al
o}k, Al #75 RPMI HIAE 546k 600 nmollAl &%
T 451 0.5%°] HeEE U F 0.1% peptone WO =
3]43} oS BCP plate count agar®| pouring st 7] 4<%
274319t} OD 3h& %= w4 100 mLE wello] B33t 3 37C,
5% CO.°1A 2A17F HiFst & PBSE o]8sf 4] &2 & 549
A&l 2t} Trypsin-EDTA 1 mLE 371519 cell-bacteriaE W
olll & 0.1% peptone &0 & 343t kS BCP plate count
agar°l| pouringsta] @5 S5t

15. Biogenic amine (BA) M4ds

oju| At ALA|(L-Tyrosine disodium salt, L-Histidine mono-
hydrochloride monohydrate, L-Ornithine monohydro-
chloride, L-Lysine monohydrochloride)E 0.1% 37}3t MRS
brothE W& o2 18A1ZF 843t Lacrobacillus plantarum K6
75 1% FES 5 5~108 wdf Hjo¥ste], decarboxylase 84S
AT AL Bover-Cid and Holzapfel(1999)0] o3 1Qt=
decarboxylase media®l] i4 EAISH 42 =Eslal 37CoA
24~48AZE v & Hepi o 2 BigkS Boto] BA A st
At

16. SH2A
AN FFLEEUAOD)E YR, BARME Statstical

Package for Social Sciences (SPSS, SPSS Inc., USA)Z A5}
At A= one-way ANOVAZ EAAE5H 1, Duncan's
multiple range testsE ARSI {24 5% oA AASIITh
=}

2t H IH

P
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A

s K==

+ 29] 7]
B

=
kA e

2|
] 40%S AJF3 T, Modified MRS HIAE A}&5lo]
FAol= 167709 9 e E2eH3c

N o=
w HI

o

2. H|TRAH| w3 M
Bl ZAFS O R g-amylase A4, e-glucosidase <
A2, lipase JASYS 5793 23} K6 +57F 42 96.78 £
3.29%, 92.55+9.62%, 85.17+0.79%2A 7 &2 oA e
e AeK(Table 1). K6 w57} 3T3-L1 AlZo] Al E=/4dE Ler
=2 ZA517] Yol MTT assays 33t 27 100 pg/mL 5%
T olstollA] A|lze] P RS A Yot Alx=/do] Jl=
Ao Ueigrhulole A=), mebA £35F 2HgoflA 3T3-11 A&
o 100 pg/mL =& K6 @55 F7Fetoict. B3Pt £ &, Al
I Yol AAE ALE Oil-Red O FA0F FAsto] Hulg o
= Rt A}, EhAe A2t oo HlshA #=E A2t 9

o). ol2 8&310] 520 nmolA] FBEE 24 A3 27} iz
ol 223%9) A1 25} OA&S HATKFig. 1)

3. M #Fo| 8 ¥ DNA sequence

AFE K6 459 genus®} speciesS 2A517] YJ5te] A2Z, A
SI5HA] Al¥E it A K6 w5+ Gram ¥AS UERHLL,
@r]F o= W A] rod BEIQ] homotto|m, 4ka R} el
o] 2 511l catalase®t +5d2 S92 HEHLTH 45T
15C oAM= AASHA] 49kod | glucose?t arginine O 25 E] 7zt
gas? YHHolE AAISIA] ot genus Lactobacillus®l £3FH Tt
(Table 2). SpeciesE A3l7] ¥sto] API 50 CHL kit (Bio Me-
reux, France}& ol-&sto] 4959 B Ta AlFS AAS Zn
(Table 3), K6 #5= L-Arabinose 5 235023 € A& Y45}
At 1 AFE ATB identification system©] Y&st 23}, Lac-
tobacillus plantarumQ & WE=3 2™, 16S rRNA §414} F&
S universal primerE 0]-&3F PCRZ ZE35}0] g EA351L},
EAE 97149 IZ 0]851o] BLAST searchdt 23, L. plan-
tarum (LD. 99%) 02 SAEUIL, Lactobacillus plantarum K6
o= sttt

4. L. plantarum K62| SH4H| LA
Az 202 JHE PPALF A% Ak P o

Table 1. Anti-lipase activity of selected lactic acid bacteria (%)

Strain a-Amylase a-Glucosidase Lipase
inhibition inhibition inhibition
K6 96.78+3.29 92.559.62 85.17+0.79

www.ksdst.org

(A)

I3 B
o '3 o N
o -3 S o

B
o

Pelative oil red O staining
(Percentage of control)

n
o

o

Control

®B)

Fig. 1. The effects of Lactobacillus plantarum K6 on oil red O stained
in 3T3-L1 adipocyte: (A) quantification of il red O staining, (B) pho-
tograph of oil red O staining. Cells were stained with oil red O
observed by using a microscope (original magnificationx200). *p<
0.05, (vs. control).

Table 2. Physiological characteristics of of Lactobacillus plantarum K6

Strain Lactobacillus plantarum K6
Gram reaction +
Cell type rod
Spore forming -
Motility -

Aerobic growth
Anaerobic growth
Catalase reaction
Growth at 15C -
Growth at 45T -

Gas forming from glucose -
Ammonia production from arginine —

+ +

34 probiotics #57 AFEE -0l A oA 7157801 ¥
OFA|A| E=d, ol=gt Sl A AN gt W2 v Fast
Q42 QAR T Ql= AHo|tHCharteris er a/, 2001). W=FA A
oA ol &ET = F 16719 FABAl Hell L. plantarum
K6 w57} WAdo] JI=AE Table 49 Uit 1 A3}, van-
comycin®] gigt A UAle] MIC S=7F 2,048 pg/mLEA 7}
7 WAdo] &4, ampicillin, polymyxin B €0|31tt. ¥HH, ery-
thromycin®l Tiet MIC 5% 0.125 pg/mLZA] 7F§ 74g0]
=947, clindamycin, rifampicin $& Aol B2 202 et
ok w59 A WAL b dfskAl YERdtiMathur

J Milk Sci Biotechnol Vol. 35, No. 4 | 225



Kim and Lim

Table 3. Carbohydrate utilization of the Lactobacillus plantarum K6
using the APl 50 CHL system

Table 5. Enzyme patterns of Lactobacillus plantarum K6

Table 4. Antibiotics susceptibility of Lactobacillus plantarum K6

Anti-microbial agents

Minimal inhibitory concentrations (z.g/mL)

Amikacin
Gentamycin
Kanamycin
Stretomycin

Ampicillin
Penicillin-G

Oxacillin

Bacitracin

Polymyxin B
Ciprofloxacin
Tetracycline
Clindamycin
Erythromycin

Rifampicin

Vancomycin
Chloramphenicol

4
1
16
8
1024
2
16
16
256
16
16
0.25
0.125
0.5
2048

and Singh, 2005).

5. L. plantarum K62 A2
484 T3 probiotics®E ©]-§5}7] Hof| a2{EfofoF st =8

84 % sholth. Probioticst 4 f-glucuronidaseE A4

226 | J Milk Sci Biotechnol Vol. 35, No. 4

Enzyme L. plantarum K6
Carbohydrate Reaction Carbohydrate Reaction Alkaline phosphatase 0
glon”o'l - EST_U”” * Esterase(C4) 0
cerol - alicin + :
el S b - Ferese lpse(CH) :
D-Arabinose - Maltose + . /
L-Arabinose + Lactose + Leucine arylamidase 3
Ribose n Melibiose + Valine arylamidase 2
D-Xylose + Saccharose + Cystine arylamidase 0
L-Xylose - Trehalose + Trypsin 0
Adonitol - Inulin - a-Chymotrypsin 0
,B-Meg%I-Dt-Xyloside - I5\/I;z{|efzfitose + Acid phosphatase 1
alactose + -Raffinose +
e oo )
D-Fructose + Glycogen - ,
D-Mannose + Xylitol _ B-Galactosidase 3
L-Sorbose - B Gentiobiose * B-Glucuronidase 0
Rhamnose - D-Turanose + a-Glucosidase 0
Dulcitol - D-Lyxose - B-Glucosidase 2
Inositol - D-Tagatose - N-Acetyl- 3-Glucosaminidase 1
'\ga”gittoll * E-II::UCOSG - a-Mannosidase 0
orbito + -Fucose - .
a-Methyl-D-Mannoside ~ + D-Arabitol - i afucosidase 0 :
2-Methyl-D-Glucoside _ L-Arabitol _ value ranging frgm 0 to 2 is assigned tq the standgrd co!or. zgro
N-Acetyl glucosamine + Gluconate + represents a negative; 5 represents a reaction of maximum intensity.
Amygdalin ¥ 2-Keto-Gluconate + Values 1 through 4 represent intermediate reactions depending on
Arbutin + 5-Keto-Gluconate - the level of intensity. The approximate activity may be estimated from
+, positive; —, negative the color strength: 1 corresponds to the liberation of 5 nanomoles,

2 to 10 nanomoles, 3 to 20 nanomoles, 4 to 30 nanomoles, and
5 to 40 nanomoles or more.

5}A] Qlotof 3l=d|, o= Benzopyrene LA EEE AHEA]Y|
= @ta4o]7] gi&o|tiBorriello er a/, 2003). ¥HH, lipase2t
protease, fB-galactosidase®} Z2 4= §3E Edloto] 43
S AFANAZFE o|AL AT YtHKumar et al, 2012). L
plantarum K69 3484 A= Table 594 Hi Hi} 2t
Leucine arylamidase®} g-galactosidase’} &3] 3= UYEl &
A%o] thE BAE| Hlo] =4 Uehgod, HEtHos aad
Aol &R &2 Aoz YEYT S glucose®} galactoseZ
A7 sl aael B-galactosidases 32 HEUOl 73
EUS sl 2t o] F Aolgtal HojXick ¥hd ek g4l
B-glucuronidased] A9 G48A40] 0022 e}, eEdA0]
U= AoF YeRit)

6. L. plantarum K62 LIESA

HE WS 2404 Aobd7] fis & Adok sk 4 & sl
oh. G5ARZ AlolAolA EHEe EEE Al Alxds oy
st} A4 ASE] w2l probiotics29] 7152 5171 Ysiil=
gEo it Ude Ay glojok sHKGilliand and Speck,
1977; Saarela er al,, 2000). =3 Aol 0.3% 52| H54tolA]
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10.0

05 | —e— without oxgall

—8—with oxgall

Bacterial log. number

n
o -
N

0 1 2 3 4
Incubation time (hour)

Fig. 2. Growth of Lactobacillus plantarum K6 in MRS broth con-
taining 0.05% L-cysteine with/without 0.3% oxgall. All values are
within the meanzstandard deviation of the three replicates; *p<
0.05, *p<0.01 and ***p<0.001 between with ox gall and without
oxgall (t-test).

=

AYESHopA|RE 17k 9} AHtoAE BES 4= ok At
(Gilliland er al, 1984). L. plantarum K6 459 ¥& WA A3}
= Fig. 2014 Hi= vie} Zo] 7A17F &<t Bl & A Blas)
H9ke w, 0.3% oxgall& H71oHA] doks wo] Bt log 9.45
CFU/mL, 0.3% oxgallZ H7Iot¥E wo] A= log 8.84
CFU/mLE &t AAIE 97]= sigloy, g5 Udol A= Zo=

U

O

7. L. plantarum K62| pH L{A

%2 probiotics7t F7] YA+ AojE pH 3ETH B2 pHojlA|
AyEsto] 9] A Btotal, A% W= ZEstefoRt gitiBooth,
1985; Mcdonald et al, 1990). A4 pHE= pH 0.90]A]qt 24
< AF5I9E B¢ 919 pHe pH 37H4 22P717] do|eh(Erk-
kila and Petaja, 2000). Atll Hi8t 7. plantarum K69 WA 2

105

pH2
mpH3
BpH4
BEpH6.4

Survival rate
(Percentage of initial time)

§
\
-
-
|
.
|
.
.

Incubation time (hour)

Fig. 3. Survival of Lactobacillus plantarum K6 after three hours in
HCI solution (pH 2.0, 3.0, 4.0 and 6.4). All values are within the
meanzstandard deviation of the three replicates; *p<0.05 com-
pared with initial time (f-test).

IH= Fig. 3904 B vl 2o} o279 pH 6.40149] w4t
v\ w3t A3} . plantarum K6 #45= pH 33} pH 404 AZEE&
HAE Ho|A] ok #9F ofg} pH 20014 0AIZll= AEE0]
100%°]gl ZAo] 3A17F o]Fo& 100%=E ¥gto] Sl Penna-
cchia $(2004)9] Adof|A AAAS pH 2.59] PBSO|| 3417t &<t
37ColA BiFst A3} 60~80%2] AHEE&S Kol A¥e} vlws] B
X2 W, L. plantarum K6 w55 WA Adoj|A 95351 A&
Hlok

8. L. plantarum K62| &3

L. plantarum K67} 25540l gl ol A AAlk=AE
Z7g517] ol EHiRE AR Aak= Table 63 2t} L. plan-
tarum K62 Escherichia coli, Salmonella Typhimurium, Lis-
teria monocytogenes, Staphyloccous aureus®ll THal 212} 51.8%,
42.4%, 61.6%, 54.9%=2A Listeria monocytogenes?l tal 7V
AA &I} Q)= A= Uelth viek § pHe| WskE HokZ of
2l ASE-E pH 5.901%, EHFAS pH 5.5~5.624]
pH7} 2F7F ZHASHIAINE pHE A5kt AlEE+e] JAl] & B

Table 6. Inhibition of pathogens by Lactobacillus plantarum K6 in MRS broth

Growth Inhibition
Pathogens Pathogens® K6+pathogens® %)
CFU/mL pH CFU/mL pH
Escherichia coli 8.30+0.98x10° 5.93 4.00+0.20x10° 5.60 51.81
Salmonella Typhimurium 1.1340.04x10" 5.91 6.53+0.72x10° 5.60 42.35
Listeria monocytogenes 7.20£0.92x10° 5.94 2.77£0.71x10° 5.56 61.57
Staphyloccous aureus 1.87+0.03x10° 5.93 8.43+1.02x10° 5.55 54.90

* Initial count of Lactobacillus plantarum K6: 5.23+0.32x10° CFU/mL.
® Determined after 6 h of incubation at 37°C.

All values are within the meanzstandard deviation of the three replicates.
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T2 AR 2 A oF HQlt 0] P T2 T Fet
stejete edatol ot 2] o2 Hrg HItkJacobsen er al,
1999; Larsen et al, 1993). Daeschel(1989)3} Havinaar S
(1992)2 pH 7st, Akat 3 #1919 4, Rofietate] A I
Q8 A, IpASRRAO) A, AAkto] BAakshe 714k HHE P
QA10] At A8t 7335t Pt B 4 Hulol| sl ikt
I vEpdta Bskgicy. & AY-NA L plantarum K60
OISt Hscherichia coli®t Salmonella Typhimurium, Listeria
monocytogenes, Staphyloccous aureus®] 2 JA= o]t
AA 8459 Z8of| 7|etel=s AR AtEETh

9. L. plantarum K62| ML £y

S50 A A Hals-o Laulo| 0 E ¢ Ake] g 7]
% Sfuoth. ZEHjo]Q ElA0] Hup HAAZE A2 o WY
oF &3:9] 3o FF= 71A = AUtk wEhA FErHY] R
zgnlo]|QE w59 a8/47 PAot= A0 R ARHETHO hallo-
ran et al, 1997). Fig. 4014 B 8k} 0] /. plantarum K6+=
20.50%7F HT-29 cello]l H24g 8, oF 212 A8H L
rhamnosus GG 9= 14.97%7}F F2=Qic}. W2 A=Y ko]
A L. rhamnosus GG= AT A|20]| F&58o] 535t Aos &
A1 AHGopal er al, 2001). WtA L. plantarum K6 45
= AEAE #EHo| Fakso] $tt AoE YEKT

N

T o
o b FX

10. L. plantarum K62| Biogenic amine (BA) #Ms

Hpo] @AY oplE BAAE, 7], A=, &Rl E 7 HRAE 5
oflA FEYHA UebdthVidal-Carou et al, 1990 Izquier-
do-Pulido er al,, 1994). oFI 5AA O Z opu|iAte] B7t2 s
Alsto] oJef AlFofAl A==, ofdl AL AdEE ] dish vl
AE9] B o7&t d=o] lthVandekerckove, 1977). &

30

25 *

20

15

10

Cell adhesion activity (%)

5

0

L. rhamnosus GG K6
Fig. 4. Adhesion ability of Lactobacillus plantarum to HT-29 cell.
All values are within the meanzstandard deviation of the three
replicates. *p<0.05 compared with control strain (t-test).
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Table 7. Biogenic amines produced by Lactobacillus plantarum K6

Biogenic amines
Putrescine Tyramine Histamine Cadaverine
K6 — — - -

Strain

pa)

ARt APt 9 QRIofA Ag7get 4= qlof Qg Zlo = <l
A=l YA A tAREE2 oA oS FAT &
Ath. Table 7914 ¥= vEe}F o] Putrescine, Tyramine, Hista-
mine, Cadaverine 25 2432 Uehfo] oFAsH 1o Yepyitt.

ol

kO

(2IF

2 A4s AAERE v JAl5Eo] Sle 2 2 9 54
skal, o] o] A B FEste] AU oge o874
< HESIA AASHIH. o1& 98 Modified MRS ®3#HiAE
8310l R %S PHGHE FHE B 27 -amy-
lase inhibitory activity, a-glucosidase inhibitory activity2}
lipase inhibitory activity7} 38t @58 Adtst A3} K6 #57F
FE AREAY. K6 752 e-amylase GAIEA 96.78+3.29%,
a-glucosidase JAZA 92.55+£9.62%, lipase AAIZA] 85.17+
0.79%, AEst AAEA 27.4+1.4%2 Yergon, 5823
Lactobacillus plantarum®2 WYE Q3! Lactobacillus plan-
tarum K622 WHaIt}. L. plantarum K62 B5AH} A9
pHollA| B 93 BEES Usglal, 24842 Hukdos
2kO1} arylamidase®} B-galactosidase®] e Bl A =2 &
& A YEgHE 8A WA ¥ Z3 vancomyein,
ampicillin, polymyxin Bell W/de] ¢l ®¥HH erythromycin®|
T3S YE oW, Bscherichia coli, Salmonella Typhimu-
rium, Listeria monocytogenes®}t Staphyloccous aureuse|
3l ZF2F 51.8%, 42.4%, 61.6%%+ 54.9%2] Al ATE AU QL
= Z0= Yehyth. E3 ofulS AAokA] ghom, ARa g2 of
291 L. rhamnosus GGET} 953t}

[ |

2 Ad7E FESRERS Yoz sYHAEY|&7|EH I
EAEAFTHEAFAAAG L] A Y] oJste] o]Fojx] Aoz o]
o] ZHA}F EZlYtiNo. 916002-02-1-CG000).
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