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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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AA el #gk F4 02 Aofu= vk e HAsk udeh Al 28 dd 2 o T 2
A7+t Aghy} o] drk(Mokdad er al, 2003). BIWHXE2] 71 SQ3F Wl o 2= i 43
AA o)}, SR Triglycerides, TGS ZA2E]7} 2 F2 oUA Y T ht=A
TG &A= vk} A3 ze?}ﬂr 21572 o7 ABATH Carek and Dickerson, 1999). )%

A3 &4 (Pancreatic lipase)= 4394 TGE S48 A42A Aol Ev= TGE 7f
TR Lowe, 1994). whabA] A -Er s AlE B3 TG SrAlE HIvkS WAk F8
Aol I T AR W oR BslE TieEa el 9t O}U‘E‘rﬂl ] AE E3l 43t
PolM9] Ed FE5 stk Zlolnh AR o] gAE TrslE 4315 Akl Ytk 48}
A7+ A7) FH(Chiasson, 2006; Chen ef al, 2006) 3], $-2juie} N—{;J&—E— EHREkE 99
2SSk HIvke Adek] Slaf 71Ee] A ARt ohe} BskE FAlE FAll

ol

st whgo] a7t 918 AR BAHKim ef al, 2003).

Probioticst &F%5=2] A7 w9 23t a35 = Aol F3t nAER 189t %
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7} Ba¥ 3 Qth(Bhathena ef al, 2009; Lye et al, 2009;

Rafter, 2004; Baken et al, 2006; Kim et al, 2014; Kang et
al, 2013). Altp7}, A = A5l A probioticse] AFE-o &2
QAU mjte] o &7} Wtk an )k Song 5(2013)2 A%
o] AWt £33} oA a3/} AN o= L plantarumS.E A
A7 1 23t US S7kshs 2@ YERith Kim 5(2010)
& Aol Bel3t Baciilus subtilis KC—35 o83t Wi T
5 3T3-L1 APzl ARG Azh, A A4S AJAlekaL A
FA& 5o Fasiltal Barsgich B3k Moon 5(2012)
o ware] ofah Aol A E2|gk Akt T=?1 Weissella koreen—
sis OK1—65 3T3— L1 Al3Ee] AP E3biejell AR5 A
I, Al W A FA ] Adds] Aobxitkar BalElow, Kwon
5(2004)2 aA2lo|e} A A ikt FEE s A7k
A, AT AshEnt ope} HEAMFe] S48 AAlstal I3 2|14
& AskA7l= Adks Basklth vAE] probiotic o2 9]
st g7E I3 eh] flEiAE ofe] oA 54 AYof it
Probiotic> gu]e] W& pHe} wEatel tigh WS A of skl
oAl o] 3t ¥ generally recognized as safe(GRAS) 1| A E-©]
oo} g}, Bk 52o] A qlo] F&o] 7lEslof sh, WY
ol ek getAdo] aL, 7k B A T ek AE sEs A
4 doJoF St (Lin et al, 2006; Lonkar et al, 2005; Rial,
2000).

2 AT AAREE 2 -

o] 7157 AFer A8 F A=A Lotwy] sl L. plan—

1

747y A3} 277 g A 4055 FA8, BEAdE 93
(Bromcresol purple)®} AFobato]| = (sodium azide) S 3713t
& MRS HIA|(Lim ef al, 2011)9l] 0.1 mLA ROz HF
&k 5 37°Coll A 48AZF viFataL wehs WE MRS wiA|olA =
3 b ekl o2 Wgh iiehs A it o s Auelgl
o}, Ak 7= 717] HE MRS Wil Tk & 5] ekl
SREsli) 55 18] £ Lactobacilli MRS broth (Difco, USA)
ol A 37°C, 18A1%F vo¥3F th2 tryptic soy agar (Difco, USA)
slantel] 37°CellA] 18213t wkate] HAsoiTh

ofN [E

He

2. Lipase A1 =54
Lipase GAIEAL Lee 5(2007)¢] W] w2} Porcine pan—

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

creatic lipase (sigma, USA)E o] &35}o] Z43}3it}. Porcine
pancreatic lipase (sigma, USA)E ©]-&3}o] lipase B4 A&l A
L5 SARY. ¥ wlgdel 0.08% p—nitrophenyl laurate
(PNP; Sigma, USA) &9 0.1M Tris—HCl buffer (pH 8.5), 10
mg/mL lipase &3} 17 platecl] Fof 37Tl 2413 &<k 1k
SAF WS- 3 405 nmol|A] absorbance S A5} 2.1, blank
= enzymeS ZHGE, controlS A 8-S {1 thA|StT) Li—
pase AALHL U] Aom 83

Lipase inhibition activity (%) = {1—(A/B)}*<100
A ; A|5.9] absorbance, B ; control®] absorbance

3. a—Amylase G| =4

a—Amylase B4 Adls S42 Xiao 5(2006)2] HHS WA
B Ao o]-&33it}. a—AmylaseZ 0.1 ¢/10 mL SE2 55+
E o] &3] sMA7]aL, 7141 7R AR SRR 05%E Al
3 5 A5} Zkste] 25ColA 1087 wkS-A1 7T 0.1N HCL-E
Moz Hhe-S A7 F jodine &HG o]-g-3lo] 3087t wkas}
o] 660 & SHEE =48I0 A= a—amylase hS: A 2]s}
g Wot AEE E3ste] HEslols Wel FHEE vlaste] b
ER AT

(S P

a—Amylase inhibitory activity(%) = {1—(A/B)}><100

A ; AJ89] absorbance, B ; control®] absorbance

4. a—Glucosidase 2JAEA A

a—Glucosidase &4 &3 S42 p—NPG (p—nitrophenyl a—
Glucopyranoside)& 7142 ARE38h= Si 5(2010)9] BH-& o] &
3t A& 50 uL= 0.75 unit/mL a—glucosidase &4 50
ul, 200 mM potassium phosphate buffer (pH 6.5) 50 uL<}
Egste] 37 Col| A 1087t preincubationd ¥ 0.1 M phosphate
buffer (pH 7.0)ell 521 3 mM p—NPG 100 uLZ 7}8ko] 37°Cel|lA]
10%-7F ¥S-A1Z T 0.1 M NayCO; 750 uL2 W& A A7) aL
405 nmel A FFE=E SASH

a—Glucosidase inhibitory activity(%) = {1—(A/B)}>*100
A ; A &9 absorbance, B ; control®] absorbance

5. Al AEE 54 (MTT assay)

A 5ol thak AlE APEE-S Mosmann (1983)2] Wl wel MTT
{3—(4,5—methylthiazol—2—yl)—2,5—diphenylte trazolium bro—
mide} assay W o.2 A3tk AEE 16x10" cells/well2]
FEE 96—well plateol] HE-F3)aL 2447 vl & viA 2 A A

t}. 7)ol A EL Dulbecco’s modified Eagle’s medium
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AAA

B3k Lactobacillus plantarum K62 Ae]d EA4 2wt &z}

(DMEM; Gibco, USA) 100 uLell =% M= 3]1A418F A £(10, 100,
1,000 ug/mL)E Z+zF A7fste] 24478 wioket ok 5 mg/mLE
A %3 MTT (Sigma, USA) €9 20 pLZ 2zt welloll H7}skaL, 44]
b Bk wiksisinh wdEs = sds AAS AL 2t wellel 100
uLe] dimethyl sulfoxide (DMSO)E #7}ste] A€ formazan
AAS §3|A1A ELISA reader(BioTek, USA)= 550 nmoll A &

Pz 24590, Azel Ujd ALY AEge ge) oz 7
shoiet,

Cell viability (%)= 100—(A—B)/AX100
A : Control®] absorbance, B : A|& &9 absorbance

o

{A

6. 3T3—L1AIXE vk ¥ 3}

3T3-L1 AlExF WH2 Hemati 5(1997)9] HHS HEslo] A}
|31t} 3T3-L1 AAFHEE vl Al 23 (American
Type Culture Collection (ATCC), Manassas, VA)<S E35}o]
Aalgiet. Aol ARE3E 3T3-L1 AMATAIEE= 10% fetal bo—
vine serum (FBS; Gibco, USA)3} 1% penicillin—streptomycin
(P/S; Gibco, USA)e] #7Fel DMEM H|A| & o]--3}o] 37C, 5%
COo/95% air’} &a%+ 272 g-=7](incubator) A 13}
th 3T3-L1 AWATAEE 138} F1=s7] flste] AEE 6 well
plate®] 7z} wellol] 1.25X10° cells/well 2 H-5-3}11 2 & wjx| =
akste] 3~4dmol A7} s S EE EA| Skieh &
Aol A Aol = 10% FBS2H MDI solution (0.5 mM 3—iso
butyl—1—methylxanthine, 1 uM dexamethsone, 5 pg/mL in—
sulin) (Sigma, USA)& Aejste] w3k F=38131aL, ol A&7t
AAZESol| WA= ks W] S8 AlEE R
Aeatlet, Ha 4% 29 T, MAZ A2, 10% FBS, 1% P/S,
5 pg/mL insulin®] ¥3t¥l DMEMO. 2 w8l 1, #3) % 49
ARE= A2} 37 220] ThiA 109% FRSSH 1% P57 E314)
DMEMO = wdlslo] Mg FSAIA 38Uzt As gk AHA]
oA At

7. Oil-Red O &4

AT ) AR A1) SHre A W A AT Solde
2 Wk3-31= Oil Red O (Sigma, USA)E AHE-3lo] S48tk
Oil—Red O &4 -2 Ramirez—Zacarias 5(1992)¢] WS- oF
2k Wealo] AL8EIT WA A a7} sl AEe] M A
A% Holl AIES PBSE 2 A& 3kaL, 10% formalin®.2 4°CollA]
A2 Bt 3143 o SRR 3 A S AlRE Al Es
Oil Red O working solution (stock solution: 3.5 mg/mL in

§

|

—

1sopropanol; working solution: 60% oil red O stock so—
lution and 40% distilled water) 2.2 305 EoF AL 4 oJAs}

www.ksdst.org

ok G § GAes zZEra o]

FHFE weldl] AL An)F o g Akt

SHTE AASH, 3] vk wellel 100% iso—propyl alcohol

< 2l A7F3le] Ol-Red 0F ThA] $2417) 3 ELISA reader®
],

520 nmolA FFEE SH3S

1=
2
X
S.L
£

N

&30 381 AT T

ZAA|Hpe] Ak

N%‘L

K6 w5 MRS HAjA|ell A 23] o] Al wl st
o] & #Ql F Aol ARSIt Ahkte] 5782 Hammes
5(1992) 9] WRiel eJsto] AAISIGIT) = EelE w5 Gram
A, EAA, 5714 9 F714 A, Catalase A4, 15C 2 45
Coll A2l A4, glucoseZF-E 712~ A, arginine .25 am—
monia S SAsIG oH, dAn|4 =3} API 20 strep kit(API
bioMerieux, France)& ©]§3¢ & g A A8 44t
9] DNA sequence %219+ universal primer 27F(5'—=AGA
GTT TGA TCC TGG CTC AG—3")9} 1492R(5'-GGT TAC CTT
GTT ACG ACT T-3)E AHE3I31.eH, solgent EF—Tags AH&-3}
o] PCRE AA3lith S544L 95°TC, 1582 & § 95T, 203
507C, 40%; 72°C, 1% 30%Z 303) Algsliom, 72TC, 55
g st 49 241 PCR producta solgent PCR puri—
fication kit (SolGent, Korea) % purifydr & ABI 3730XL DNA
sequencer (Applied Biosystems, USA)Z A5 EA18t%it),

9, @x‘gxﬂ LH/H /\]?'54

A WA A2 MRS AR L. plantarum K6 T8 #
£3}a1, 37°Coll A 18A17F B3l & 0.1% peptone -&-Mol| AA 5
T2 A8k 7k A7 2 =5 b2 3 tryptic soy
AuiA el 10°~10° CFU/MmL F5=0.2 FF38kar 37°CollA 484)7F
Wk 5 Soko waslol A o) B Ak A U
248 2 PR g on, oAl 1Y e FEE
MIC(Minimal inhibitory concentration) #2.% AA3I T}
AA= Sigma (USA)=5-E] Frufsto] AR8-slitt @434 Amika—
cin, Gentamicin, Kanamycin, Streptomycin, Ampicillin, Pe—
nicillin—G, Oxacillin, Bacitracin, Polymyxin B, Ciprofloxa—
cin, Tetracycline, Clindamycin, Erythromycin, Rifampicin,
Vancomycin % Chloramphenicolg& A&l AR&-3}A T},

10. 484 AIY

MRS HA A A 37C, 18A17F St w3t L. plantarum K6
TFE AEAHFE 34510] 10~10° CFUML 9] A&s =
Ak & API ZYM kit (API bioMerieux, Lyon, France)& ©]-&3}
o] 37CellA] 5AITF vl et the EARFSAIA T a4a8de B
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RS Hlaste] 0~59 FAR FAseH, txT o] 29
alkaline phosphatase, eterase(C4), esterase lipase(C8), li—
pase(C14), leucine arylamidase, valine arylamidase, cystine
arylamidase, trypsin, chymotrypsin, acid phosphatase, na—
phthol—AS—BI—phosphohydrolase, a—galactosidase, [3—galac—
tosidase, B—glucuronidase, a—glucosidase, B—glucosidase,

N—acetyl—(—glucosaminidase, a—mannosidase, 3—fucosidase
axd BHL S

11. W54 A%

Gilliland®} Walker (1990)¢] ¥l we} MRS HA Ao A 3
7°C, 18A17F vi%ks L. plantarum K6 @5 0.05% cysteine®]
HTE MRS ARl 0.3% oxgallS H71ek wx| <} tiza7-2A]
oxgall& H7FkA] @& wiA|el| 742k 1% HEsk3iet 37°C2] in—
cubatorol| A 71744 E7)ufokslAA A)7PE 2 BCP plate count
agar ¥ol|A] Fo] 231 3 37Col|A] 487t A7 ulekste] A3}
Ak

12. pH WA

Clark 5(1993)¢] HHioll w} 37% HCIS SF<=oll 41°] pH 2,
3, 4 SN} N2 F2A pH 6.4 §NE AF3 a1, AZE pH &
ol 10 mLol| 0.05% cysteine®] S+ MRS A iRl A 37°C,
24X7F Wi FE L. plantarum K6 5+(2F 10° CFU/mL)E 1 mLA
A& F 37ColA F7] widshan o, 1, 2, 3ARE 9 AFFE
BCP plate count agar 3ol A F-of 31 & 37Tl A 4847t
g7lejeet o Al

13. 349 A3

Gilliland®} Speck(1977)9] ¥Hiel ube} g=te] SAo] ARE-gH 4]
A3tQ1 Escherichia coli, Salmonella Typhimurium, Listeria
monocytogenes R Staphylococcus aureusts =2 EATY O
BNE BFUow, AR SAMA R Escherichia colr,
Salmonella Typhimurium, Listeria monocytogenes, Staphy—
loccous aureus= nutriunt HAIX| A 5714 02 37°C, 244
ZF jdsisit), 3t 9 ozl ARgE WA= MRS HAuA]
2ZA ARt NS 27} A3 Esto] 37CellA] 24/3F s atal
o}, AR 22X Escherichia coli= EMB agar, Salmonella Ty—
phimurium< Bismuth sulfite agar, Listeria monocytogenes
= Supplement(X123)7} &% Listeria Isolation Agar, Sta—
phyloccous aureuss= Baird parker agarZ AF&3}e] 37Col A
6A17F Bl Zliktel] o) A|A3e] AE-S o] Ao
75kl

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

Inhibition (%) = (&9 ¥4 CFU/mL—E3YF 9] 74
CFU/mL)/tHZ79] ¥4 CFU/mL

14, 2l 724

Aol AR HT-29 M| ShgA| 27238 (Seoul, Korea) S &
o] A8FA L, Kim $(2008)2] #HHel we} 10% fetal bovine
serum (FBS; Gibco, USA)¥} 1% penicillin—streptomycin (P/S;
Gibco, USA)o] #H7kd RPMI HIXE o]&3ste] 37C, 5%
C04/95% air’} 55T 272 &-27](incubator)ol A B Y38}A
ok HT-29 MXE wjgst7] flste] AEE 12 well plate®] 7}
wellol] 10° cells/well 2 258121, 2] 3+ HA vix & A3 5
], A9 A, 95%7HA A7 S W serum free medium O =
wAste cello] O o) Ak= A& Holditk 1ol Wl F-32k
= Aa] Sl 24k At e 5= 1 mLE F8H 12,000 rpm
o] A 357+ YA E-2)8LAL serum free mediumS o] &3 F H A
239tk AlH s 115 RPMI BiA = s]418}e] 600 nmol| A 53
T2 Z2A35k] 053k YQEE 2 3 0.1% peptone £ 0=
3]413F t}2 BCP plate count agar®ll pouring 3] 27 #52
4330tk 0D #2254 100 mLE welloll 528 ¥ 37C,
5% CO:A 2417 vkt F PBSE o] &-3f B4 2 oS 5%l
AlZ8)] F) Trypsin—EDTA 1 mLE %7F319] cell-bacteriaZ
ol & 0.1% peptone LN 02 3|A3F T} BCP plate count

=2 =

agaroll pouringd}e] ¥#45 =A31).

15. Biogenic amine (BA) 4%

opu| =2t A A (L—Tyrosine disodium salt, L—Histidine mono—
hydrochloride L—Ornithine  monohydro—
chloride, L—Lysine monohydrochloride)Z 0.1% #7}3 MRS
brothE 9HE o} 18A17F B 3 Lactobacillus plantarum K6
7 1% A5 5 5~101H ] ujdste], decarboxylase EAE
A 3k At Bover—Cid and Holzapfel(1999)ol 2J3f] arotwl
decarboxylase media®l] &4 BA3lE 7S =walar 37CollA
24~43A17F vl $- Hepd o7 HIgkS Falo] BA TS wbHst

monohydrate,

%%
16. FA A
A= HA AT HAH(SD)ZE Yeh) 3, A4S Statistical

Package for Social Sciences (SPSS, SPSS Inc., USA)& A3}
At 9 2k= one—way ANOVAR EA A 2]8+5 2, Duncan’s
multiple range testsS AF&-ske] 72X 5% ol A AT
EEREEE

=
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AR A H2)8 Lactobacillus plantarum K62 A214 54 2wyl A az}

7k 2199 9] A 405 AHE F, Modified MRS ¥4 E AH8-5}e]
=3 F2ke g4ske 167719 9 7 Eeaigith

2. H|YEIA| o] At
29 2AS e ® g—amylase A1E4, a—glucosidase &
A, lipase AAZAS SHT Ao} K6 7571 27 96.78+
3.29%, 92.55%9.62%, 85.1740.79% 24 7V =& A A4S
VFERNQITH Table 1). K6 757} 3T3-L1 Ao AE=AS L}
A F74317] 918 MTT assays 33t 27} 100 ug/ml 5%
T olslollA] MaEe] AEHe| Jaks T4 ol M=ol §l=
Ao vepsth(dlels A=), wheba] 3} #7gell A 3T3-L1 Al
o] 100 ug/ml FE=Z K6 #55 H7Isieit) St 2 &, Al
Woll AAE A= Ol—Red O @Ael o2 Falalo] duj7o

X

=

A AP 7E s R sk A 1T

t}. o] §&39] 520 nmell A FR=E SAT A} 247} v

] 22.3%<] AW 3k JAES BeItH(Fig. 1).

3. A #5¢] 54 % DNA sequence

ARkE K6 79 genus$} speciesE AAE7] Yate] AElE, A
3}t AlES ek AdkE K6 755 Gram B3-S YERIIL,
AnF o2 2 Al rod FENQ] homowolw, kA 52 A6l
of 2 WS L, catalase®} 573 5 0= HERRTE 45C2}
15ColM = AA3HA &gker glucose?} arginine . 258 Z}z}
gase} PR olE AASHA] ¢ko} genus Lactobacillusdl 4353t
(Table 2). SpeciesE A3}7] 3Fe] API 50 CHL kit (Bio Me—
reux, France) & ©o|-&sto] 49%9 & wa A& A A3
(Table 3), K6 #5E L—Arabinose 5 2330 23 A8 A4S}
ot} L A3E ATB identification systemol] $J&s+ A3} Lac—
tobacillus plantarum®.Z FE ¥ 2™, 16S rRNA F14} F-&
S universal primerE ©|-&3% PCRE FEZ3lo] Y E4351%t)
B9 A7 IMDE i o438 BLAST searchd A}, L. plan—
tarum (ID. 99%) 2.2 A% Q L, Lactobacillus plantarum K6
o= gasilth

4. L. plantarum K62 A4 WA

AR BHoR HAR P 4F ke YR o

Table 1. Anti-lipase activity of selected lactic acid bacteria (%)
Strain a-Amylase a-Glucosidase Lipase
inhibition inhibition inhibition
K6 96.7843.29 92.5549.62 85.1740.79

www.ksdst.org
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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 45C -

Gas forming from glucose -
Ammonia production from arginine —

+ +

&l 4] probiotics 7+ APEE 7-5-oll AYA| el A <] 71554 o] Bt
OFA wi=t, olelgh A Aol ek WAL g T8t
247 9453 9= Ao tH(Charteris ef al, 2001). WE}A A
FolA o] &=L A= F 167k A NSl L. plantarum
K6 57} Ado] QA5 Table 40 YER)ACE 21 A3}, van—
comycinell &k A WA Q] MIC s=7F 2,048 pg/mL=A] 7}
7 WAl o] =9kaL, ampicillin, polymyxin B $=0]$lt}. vHd, ery—
thromycin®l] ™3t MIC 5%+ 0.125 ug/mLEA 7P 7HA 0]
ka1, clindamycin, rifampicin 5% 7A0] =& Ao w2 ek
o}, 152 A WS dri) oekskAl YeRd T (Mathur
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Table 3. Carbohydrate utilization of the Lactobacillus plantarum K6
using the APl 50 CHL system

Table 5. Enzyme patterns of Lactobacillus plantarum K6

Enzyme L. plantarum K6
Carbohydrate Reaction Carbohydrate Reaction Alkaline phosphatase 0
glon”o'l - EST_””” * Esterase(C4) 0
ycel’o - allcin + E t | CB 0
Enythritol - Cellobiose + Se[?sfse'(%ﬁe)( ) 0
D-Arabinose - Maltose + ) P K
L-Arabinose + Lactose + Leucine arylamidase 3
Ribose + Melibiose + Valine arylamidase 2
D-Xylose + Saccharose + Cystine arylamidase 0
L-Xylose - Trehalose + Trypsin 0
Adonitol - Inulin - q-Chymotrypsin 0]
B-Megwll-Dt-Xyloside - I3\/I;z{|efzfitose + Acid phosphatase 1
alactose + -Raffinose +
Naphtol-AS-Bl-phosphohydrolase 1
D-Glucose + Starch - P PoSprony
_ a-Galactosidase 0
D-Fructose + Glycogen )
D-Mannose + Xylitol _ B-Galacto&ldase 3
L-Sorbose - 3 Gentiobiose + B-Glucuro'mdase 0
Rhamnose - D-Turanose + a-Glucosidase 0
Dulcitol - D-Lyxose - [3-Glucosidase 2
Inositol - D-Tagatose - N-Acetyl-3-Glucosaminidase 1
'\ga”é‘_ittoll * E'Eucose - a-Mannosidase 0
orbito + -Fucose - ;
-Fucosidase 0
a-Methyl-D-Mannoside * D-Arabitol - i AT Ucos! —_ ,

. . value ranging from 0 to 2 is assigned to the standard color: zero
a-Methyl-D-Glucoside - L-Arabitol - . . . . .
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,

Table 4. Antibiotics susceptibility of Lactobacillus plantarum K6

Anti-microbial agents ~ Minimal inhibitory concentrations (ug/mL)

Amikacin 4
Gentamycin 1
Kanamycin 16
Stretomycin 8

Ampicillin 1024
Penicillin-G 2

Oxacillin 16

Bacitracin 16

Polymyxin B 256
Ciprofloxacin 16
Tetracycline 16
Clindamycin 0.25
Erythromycin 0.125

Rifampicin 0.5

Vancomycin 2048
Chloramphenicol 8

and Singh, 2005).

5. L. plantarum K69 484
A 3l probiotics®E ©]-&317] Mol g Eojof sl F4
= slyolt}. Probioticst= -4 B—glucuronidaseE A4

o ol

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

3}A] ool &=, o]+ BenzopyreneS W3 BAE A7)
< g 4ol7] wiZotk(Borriello ef al, 2003) E1Rs] 1paseg}
protease, B—galactosidase?} 22 G4+ 35 Falste]

& A3AAFE o]3E 7HAAL ek (Kumar et al, 2012). L.
plantarum K62 @434 A3= Table 5914 B wke} 2,
Leucine arylamidase®} B—galactosidase”} 3-3] 35 YElY &
agdo] the gAE] Bl A et o), dukaow g4%
o] #A4 & Ao E Yetdth 735 glucose?t galactose &
Ha|A 7] el 8ol B—galactosidase® 32 YERHO] HF
S Bfiael ot Ego] | Alofekar Hojxirt vhd Wiel gl
B—glucuronidase®] 759l @4g4do] 002 YERY, FHA o]

M

m{u:

6. L. plantarum K62 WaE54

e WS Aol Ao HOH & Aok k= 54 5 o
MolA ol A )= EAR Ao Alxutks B

slo] RS- A1) wFo problotlcsi«] 7155 3171 SlaiA=

=o gigk UAde AYz glojor sh(Gilliand and Speck,

1977; Saarela et al, 2000). =3+ 2015 0.3% =] HFitell A
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‘ ' ‘ ‘ ‘ Fig. 3. Survival of Lactobacillus plantarum K6 after three hours in
0 4 % g % 5 ¢ 7 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).

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

= T = 5 o=
within the meanzstandard deviation of the three replicates; *p< PH= Fig. 3ol 2= mpe} 2ok di=72] pH 6,494 9] w5}

0.05, *p<0.01 and ***p<0.001 between with ox gall and without vk A3}, L. plantarum K6 w5 pH 33} pH 404 AEE
oxgall (t-test). S HolA] eighs BNk ofu} pH 204 0AITtell = AEEo]

100%°]d A o] 347k o] 5ol %= 100% = Heto] $11th. Penna—
oA RE Q171e] 9] AZbell A e AEEE = QArkar Bl 9l cchia 5-(2004)2] A FellA Z4kt-g pH 2.59] PBSel| 3A17F &<t
(Gilliland et al, 1984). L. plantarum K6 w2 B WA A3 37°Col| A wjekst A3} 60~80%2] AEES HQl AT} nlus] B
= Fig. 2014 Hi= nle} ko] 7AIZE B3t ol & A5 v]ars] k& W, L. plantarum K6 #5-= UaHd Aol A 943 A¥E

S W, 0.3% oxgall& H7FEHA] Qoks Wlo] At log 945 BSITH
CFU/mL, 0.3% oxgall& H7Fetl& el A= log 8.84
CFUMLE oRE oA1E 7] siglont, whis uPdel 9= 2e® 8. L. plantarum K6°| 319

e T L. plantarum K67} 21553tol] el o]= AE AAsl=4=

7437 913 EFdE AR Al Table 631 ) L plan—
7. L. plantarum K62 pH WA tarum K62 Escherichia coli, Salmonella Typhimurium, Lis—
£ probiotics7} H7] Y= Aolx pH 3HTF W& pHell A teria monocytogenes, Staphyloccous aureusdl W&l 242 51.8%,

&S] 9 AT sk, A% U2 Edsioort $Hh(Booth, 42.4%, 61.6%, 54.9%=2X Listeria monocytogenes®l ™3] 714
1985; Mcdonald et al, 1990). ?1<1¢] pH= pH 0.90] A%+ &-2] A EH7} o= Ao E VERITE vl - pHE] BiskE HakS o
S AF81S 9 999 pHE pH 3744 L8717 wji-o|tHErk— 279 AF5EE pH 5.90]8, Eghuj kel pH 5.5~5.6 24
kila and Petaja, 2000). Atoll W3t L. plantarum K62 WA 2 pH7} oF7F ZHAakgi ARt pHO| A sl7h 2l554to] Aol 2 <

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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2 mx|A] 2 Aoz BRI 9] ghie T2 Fo| w5t
s et WYt wel 247] & J=E Helth(Jacobsen ef 4,
1999; Larsen ef al, 1993). Daeschel(1989)¥} Havinaar 5
(1992)< pH 73s}, 213t gkl 919 24, el ate] 344 d%
A A, IREslEAe] A, Alakato] AakelE {7k v
Q410 At 283} 7ot gt B4 =4 2ol o3l Ahhte] dt
I yehdicta Bauskde) B Ao L. plantarum K6
&t Escherichia coli®% Salmonella Typhimurium, Listeria
monocytogenes, Staphyloccous aureus®] 35 A= o]t
A 8A4F0] 2o 7IetshE Ao R AbmETh

9. L. plantarum K62 3] H-2-4d
S50 A VAL F-ase LRulo| o E ¢ Ake] 9 7)F
pZs
[e]

Z shjolt}. X&njo] ¢ Elxo] #ul

o} %e] FHol G2 A ek, Wb FEAL) REGL

Zzulo] o8 o] AaAH AAehs Ao ALRErHOhallo—
ran et al, 1997). Fig. 4914 ¥ v}e} 20| L. plantarum K6+
20.50%7F HT—29 cellol] F-2H5 vbA kA thx2+2 AMgE L.
rhamnosus GG 475 14.97%7}F F-A=] ek B2 Aol oo
A L. rhamnosus GG= 43| A| Lo F-2Hgglo] 38 7lo g &
A1 YtHGopal et al, 2001). Wb L. plantarum K6 45

= AL ERe] F %] 95 o ek

10. L. plantarum K69] Biogenic amine (BA) A5

Hpo] QA oWl AAAIE, 17], A=, &1 R V|E HaAE T
ol A FH Y sA YebdtH(Vidal—Carou ef al, 1990; Izquier—
do—Pulido ef al, 1994). o}l B4 o7 ofu]iitke] B2 E
2Aslol| of3)] AFeA] A==, oWl A A4Sl sl v
A=) Bar7hE AaEo] dvk(Vandekerckove, 1977). 4

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

Strain

K6 - = - -

2t AR L 9Rlo A e 4= Q1] kst o= <l
AL AN Aakto] giatE s vlo] QA oS AT &
9Jt}. Table 794 Hi= v}e} 2+o] Putrescine, Tyramine, Hista—
mine, Cadaverine =57 5738 Yeh o] oHg Aoz velgtt,

ARt wTA Heks Fshs d5E e E 27} a—amy —
lase inhibitory activity, a—glucosidase inhibitory activity<}
lipase inhibitory activity7} $-4=3F 5 @kt A3} K6 757}
FHF A= QIt) K6 75+ a—amylase A4 96.78+3.29%,
a—glucosidase QA4 92.55+9.62%, lipase A AIZA] 85.17+
0.79%, A8} AA DA 27.4+1.4%=2 Jegton, 5447
Lactobacillus plantarum®. % HBE QL. Lactobacillus plan—
tarum K6 2.5 WH3slAT}. L. plantarum K6 B354} AMA 9]
pHolA B gk AEES UEhllaL, S48 kAo

gror} arylamidase$t B—galactosidased] tal Bl WA =& §
2 A4S YeESlth 38A U AE A3 vancomycin,
ampicillin, polymyxin Bel WXdo] & ¥HA erythromycin©ll
XS Yl ow | Escherichia coli, Salmonella Typhimu—
rium, Listeria monocytogenes®}y Staphyloccous aureus®|
& 242} 51.8%, 42.4%, 61.6%%} 54.9%°] A E3H5 AYaL )
= Z 0= eI B3k ovls AAsHA] ekom, A o

279 L. rhamnosus GGR.t} $-4=3}3i ).

w AT SHEAANET AR sHAETE7| 8 e
FEREARSTFATAARE 2] Aol 2lslo] o] Folxl Z o o]
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