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Abstract

The purpose of this study was to investigate the probiotic properties of lactic acid bacteria
(LAB) isolated from a Korean traditional food kimchi. Gram staining was performed by
Macrogen (Macrogen, Inc.) for identification of the LAB. Five strains of LAB were identified,
including DKGF9 (Zactobacillus plantarum), DKGF1 (L. paracasei), DKGF8 (L. casei), DK207
(L. casei), and DK211 (Z. casei). The biological activities of the isolated strains were assessed.
The results showed that heat resistance of the strains was similar to or higher than the
commercial strain L. acidophilus LA-5. Indirect testing of the ability of the strains to attach
to the mucin layer revealed that DKGF9, DKGF1, and DKGF8 have high binding affinities
for the mucous layer. All strains showed antimicrobial activity similar to or higher than the
commercial strain LA-5. In proteolysis experiments, the diameters of proteolysis zones of
the five strains increased in the period of 24-72 h, with DKGF1 exhibiting the largest zone
diameter. Three strains were selected based on their antioxidant activities. Among the five
isolated strains, L. paracasei DKGF1 showed potential probiotic activity, and thus, it may
be useful for the development of health-promoting products.
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S7d< 7PHoF etk 223l f-galactosidase 9} g2 vt a4 B4e Baske A2 w3EUl
g& YIAIRITHE]. ZzHlo] QF fikat: A WA O] Y Fol A eSO E= 7HAISHA
L, Y nEe] e oAlst & e %115}% g A8 5ol HRA 75 LA
A9l mPdEo] mzblo|E o= of§EY| M= XEL FES] Y oM BS 7hsT
of st, F7HARl 715/de 1T g Al HHo] thet FAH HFARI AQISkE e AR
2 5 Il et P 2 A Sl FHEEoJoF ATH10]. ERL, friht BARTH
AE Hod ¢ Sl ke @42 7L Slnt. EdAAE AU %1—1%1 4 o, NS,
WE 5 45 AEe 2P =0l A7E HAL Sl el 282 o=t BAR VS
JAshE Aoz A Qlrt. wEbA Akl ket 282 HEshe 22 EAitae] o8

= 4% AYSS Ao et 9n) Qe V1xAmER E8E &+ 9de Ao 13} A= TekA
olof] tet £/t Aolg mofsh= A2 ZzHlo| ¥ A0 BAE AI3he T

HEpA = ol AAelA Feist fakike] WA, 5t Y, eidIsts, it
4 Plsks AT 55 5 Lol Q8A AFoRA Y Jis RIS B otglch

1. #%9 22

Addls BAAE B9l AEE dRHY 2A0E 7R HAE Adsie] EiE 0.85%
NaCl(Junsei Chemical, Japan) S]] AAs|4et H A|RE AREsIGLt. o] &, 514HS MRS

agar(BD Difco, USA)Ol =Zsto] 53 the 37CoIA 48AIKE B2t vk & MRS Agar©ll UERF
+ A Tl FRUS A9y os Rejolr] o) 34 FEUE Loopl&E #AF EEsith
37ColA 48417t BT HieF & MRS agar Ao et 2245 wiZo]E2 JA5te] MRS broth(BD
Difco)el 33] At} viFste] HojA 455 20%(v/v) glycerol MRS brothol| @EFS}HL, —72TColA]
Hytsto] Addo] ARESIGIT

2. 22| 7= 3%

2] 459 5782 flote] YAHoR Fejetd, Aok EAS RARIIOH, 16s rRNA f41
A Q7N EE A FEekd B4 199 & Anjgos Hasiglon, Aolehd £/
ZAR= API 50 Kit(biomerieux, France)E 185t} 37CoA 48AI7t viF & AA[SIG AL, AH
A= Bergey's manual¥}t API LAB PLUS & T3H(API50 CHL, biomerieux, France)2.& H]al
B89t 945t 542 95t 16S rRNA sequencing YA Talo]w(universal primer)
91 27F%} 1492RS 0]-8310] 16S rRNA §-44F BE-S Z3310] DNA A Y24 (Magrogen, Korea)
< 9gsto] Rlstoit.

3. LM

MRS broth 99 mLel &2 75 552 1 mLA FF F vidstoitt. 16-18AKF & B4 Cap
tubedl] 10 mLA AESFAT}. Water batholl 37C, 55T, 65T, 75T Z+ 5, 1584 ZIe wieksio]
A718]4 & BCP agar(Fiken chemical, Japan)oll 37T, 48417t 59 ¥l & A5 Aol itk

BUFAS 5742 Azcarate-Peril(2009)9] HHZ S Mucing °l-&3to] 4-3skAeH11]. 96
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Well plate(SPL Life Sciences, Korea)ol Mucin solution(Sigma-Aldrich, USA) 100 pxL £
T 4T, 24X7F B9t HESAJALE 96 Well plate(SPL Life Sciences, Korea)s 0.85% NaClzZ
23] A& = Adjufet o 100 pLE 2551, 37C, 24K &% vk & A5AS AAsSHA
HRESHA] 2 FAl AAE Hal 0.85% NaClZ2 ZF WellS 53] A&t H mucinol £2H #A4
345 Yol 2 Wellol 0.1% Triton X-100(Sigma) 100 uxL 5 & Pipettingdt¥ct. 0.85%
NaCloll A%1814 & 37C, 48A1%F &< vk & A=t =& Alsstoit

5. g 28 &3
A Al KCTCR=-E889107- AeAtaMlE)ollM E¥2 Escherichia coli KCTC1682,

Salmonella enterica KCTC2054, Bacillus cereus KCTC3624 352 w52 ARSIt AREH
HAHFFE= LB broth(BD Difco)oll4] Bttt A¥2 Chang 59 WHE H3Fslo], Cork
borer(11 mm)E ©185t0] well 4 & AAES] 27 (mm, diameter)& S7FsHATt. 32+ AlThH]
st el w5 5%} LB Brothll 37ColA 16-18A17F 702 32| Ao wjeFst B U+ 35(E
coli, S aureus, S. enterica)2 Ba% Centrifuge tube©] Hol ¥4E2](4,000 g, 10 min, 4T)
T A59S 33t 0.1 N NaOH, 0.1 N HCI& o}gsto] pH 7.002 ZA33ct. Mueller
Hinton Agar(BD Difco)oll 7S =& @ AX3E T Cork borer® well& o] 2835 5%,
A&AF [ acidophilus LA-5, 0.25 N HCl, i3, HZ5H4] &S MRS brothE ZHIZ 150
uL B3t 4CollA &= &, 37T incubatoroA] 1 A7 ZHE 02 3lo] {75 gQlsle] 27
<= 3745t e st

6. THU Ets

MRS brotho] 37TolA 16-18AI7F 7HE0o2 3% Adujdst B «F 553 Had
Centrifuge tubed] ¥ &, #i¥AS D4E(4,000 g, 4C, 10 min)ste] A5He AASIL,
59 pH 7.49] PBS buffer(Thermo Fisher Scientific, USA)E &7}ttt Cork borer®
Skim milk(BD Difco) 1A HZFUo] WellE %2 5 100-150 L] & EFo14ct 37C
IncubatorollA] 24, 48, 72417t &<t Bligste] Atk &) A& S7g515it

7. St 2ol 2wy

1) A2 HMX2|

A RARFO] AL 24 278 91t AA 9] Whloll= Lind Chang(2000)2] WS o]-8sto],
MRS brothol] 37CollA 16-18A1ZF ZHE 02 3} Acfust £ 45 5= B3t Centrifuge
tubeoll Y& & YAEE|(3,000 g, 10 min, 4C)atATH12]. I & A5 AAGI 52| PBS
buffer(pH 7.4)& #7Iet 5, ¥4E8(3,000 g, 10 min, 4C) ¥ AU WEZ ARSI

2) ABTS radical scavenging activity

ABTS #HHZ &A% 82 Re(1999)9] #HHS S-8oto] AFSHAITHI3]. 2,2'-Azobis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt(Sigma)¥} S5+5 23519 7 mM
9] ABTS solutiong A Z5}, Potassium persulfate(Sigma)@t 2545 23619 2.45 mM
Potassium persulfate AZ5F}. 1 &, ABTS solution®} Potassium persulfate(Sigma)&
1:1 B &R E3loto] A2 FHAoflA 12-16A17F 59 ¥kS- & pH 7.49) PBS buffer(Walkersville,
USA)ll 3]4s1o] ARE5ETH0.7040.02 Abs). THE01Z1 ABTS -89 200 Lol HA2]3t Sample
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|0

[¢]

20 pLE E3bote] A2oA 682t ¥EAIZ] F microplate reader(Thermo Fisher Scientific)
734 nmelM FBEE S5

3) DPPH radical scavenging activity

DPPH #tjZ &A% 5782 Cho(2011)9] BHHE -§-8cto] AEsI3IrH14]. 2,2-Diphenyl-1-
picryhydrazyl(Sigma)= Ethanol(Samchun, Korea)& 2315t0] 0.2 mM DPPH A2k A|=5}
o] AR85t3iTt. DPPH A9k} A& 2|3 Samples 1:1 HIEE Egtoto] 4200 30& & 5he &
microplate reader 517 nmolA &Z=E &4319ch

4) FRAP(Ferric Reducing Antioxidant Power) assay

Ferric reducing antioxidant power(FRAP) 842 Fe(ll)-2,4,6-tripyridyls-triazine(TPTZ)
7F AR E40| 95fl Fe(ID)-TPTZE HPsl= =g ol8sto] Ego= S4ol: Wios
Khanizadeh?] #2008y ¥ F74sto] AFsHITH15). 2,4,6-Tris(2-pyridyl)-s-triazine
(Sigma) ¥ 3%} &555 3519 10 mM TPTZ 84S A|Z3t T, HCl(Daejung chemical &
metals, Korea) ¥ 32 £545 &3sto] A%t 40 mM HCl SolutionS &35t TPTZ
solutionZ AZ5IA,. Sodium acetate trihydrate(Sigma)?} Acetic acid(Samchun)g &8s}
o] 300 mM Acetate bufferg A3t & Iron(lll) Chloride hexahydrate(Junsei Chemical)?}
Fthanol& &350 20 mM Iron(Ill) Chloride hexahydrate 88 A|Z3F & 9] M2 Acetate
buffer:TPTZ solution:Iron(Ill) Chloride hexahydrateZ 10:1:1 Hl&& &3lsto] LAE FRAP
A9k 37C Water batholl B3 & ARESISITE FRAP Al9k}t HAZ|e Samples 19:1 HI&=
Lglsto] Aol 302 B9 ¥ & microplate reader 593 nmolA EBEE EA5IL)

5) Hydroxyl radical scavenging assay

0.75 mM 1,10-Phenanthroline(Sigma) &% % 2.5 mM Ferrous Sulfate Heptahydrate
(Sigma) &< Ax31aL, PBS(pH 7.4)F Axste] 919 SAET AA e HE ARE 96 Well
plate(SPL life sciences, Korea)oll ZZ 50 pl® E9I5F & upxeto g HkS AJ2Fel 20 mM
Hydrogen peroxide(Junsei chemical) &< &35ttt E8ES 37C water bathollA] 90%&
7 ¥RgAIZ1 & microplate reader 516 nmoA S EEE &7313h

Z4

E|-|:|_IJ_I_

=~

]
Uk

1. B30 &%

A ZEE LABE B3t & #529] 54L& 16S rRNA sequencing AFE31%LE. DKGFO= 16S
rRNA 382} sequencing®X Lactobacillus plantarum, DKGF1 Lactobacillus paracaseiz- 2+
1= AtHGeneBank A¥3t 99% A, 1L}, DKGFS, DK207, DK211& Zactobacillus

case{GeneBank A€ 99% SAME SRIE]QtKTable 1).

oz

Ar

2. L@y

WA elalol AAF 22 25 55 37C, 55C, 65T, 7500 5, 158 Bt W%
WipAIR) 5 4] wsE UehigickFie. 1), 22 35 5% 25 4% 259718 7l 37C
(2T VTSRS 1), L7t FOLILS e HEEE BYLoH, B N AL ARl
Qolg4S g HEEE BN, 559 B5 BT FE3F L acidophilus LA-5% ¥|w315]
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Table 1. Identification of isolated strains using 16S rRNA gene sequencing

Strains 16S-rRNA sequence % 1D
DKGF9 Lactobacillus plantarum strain LP-1 99.0
DKGF1 Lactobacillus paracasei strain ChR-lI-str10 99.0
DKGF8 Lactobacillus casei strain 186 99.0
DK207 Lactobacillus casei strain NWL63 99.0
DK211 Lactobacillus casei strain ML7 99.0

037 °C, 5 min
837 °C, 15 min
55 °C, 5 min
B355°C 15 min
B65°C, 5 min
865 °C, 15 min
B75°C, 5 min
075 °C, 15 min

LA-5 DKGF1 DKGF8 DKGF9 DK20 DK211

Fig. 1. Survivals of DK strains and LA-5 that are treated for 5, 15 minutes at 37C, 55C, 65C,
and 75T, after separating the strains from the kimchi. All values were mean+SD of triplicates.
All strains were incubated at 37C for 16-18h. LA-5, Commercial strain: Lactobacillus acidophilus
LA-5; DKGF1, Lactobacillus paracasei; DKGF8, Lactobacillus casei; DKGF9, Lactobacillus plantarum;
DK207, DK211, Lactobacillus casei.

2 ) uizelAY 94 AEES SIStk

AAlAM EEste] AR 5 552 Mucin(Sigma)oll tiet 2952 S5t Fig. 29

o] 5%9| 45 2% 107 CFU/mLE A8a5 LA-5(L. aadopbz/u_@sa} H|SSAY L3t R
58S Yo, 11 % DKGFI(L. plantarum), DKGF1(L. paracasei), DKGF8(L. casei)°]
H|9t 20 AUEASEE HAT, 11 02 DK211(L casei), DK207(L .casei) A2
=2 JUEAsES gRlskith

HHXIOH Well A T P2 52 BRjlo] TAA7] T (AR M0 3 34 1 mdsl Anks
31519t Table 2). 5% «] ‘_r"'z T ALAE [ acidophilus LA-58F B]w5199S W) vl&sAYG
S5t FHEAS BP0, DK207(L. casei)®] Aol 71 &4 1=

Bl Y F2 F w2 B9 24, 48, 724 )t iRt B3ke BRISHItHTable 3).

5%9] ¥ B5F A8 L acidophilus LA-58F BlX S wf 24A7H0IA 72A7E0 2 Z4E
3lo] Ao AR AL BRI = AU, DK211(L. casei)E At BF 93t thl A H S|
S8 BloH, DKGFI(L paracasei)?] AR 5E0] 71 9451 A0 & BRI, b

www.ksdst.org J Dairy Sci Biotechnol Vol. 38, No. 2 | 93
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L
8 4
6
4
2
0 T T T T T 1
LA-5

DKGF9 DKGF1 DKGF8 DK207 DK211

Viable cell counts
(Log CFU/mL)

Fig. 2. Attachment activity to the mucin adhesion of lactic acid bacteria (LAB). All values were
mean+SD of triplicates. All strains were incubated at 37C for 2 h in 96 well plate treated with
mucin. LA-5, Commercial strain: Lactobacillus acidophilus; DKGF9, Lactobacillus plantarum LA-5;
DKGF1, Lactobacillus paracasei; DKGF8, DK207, DK211, Lactobacillus casei.

Table 2. Measurement of antibacterial activity of the isolated strains
Species clear zone surrounding the disc (mm)

Sample E. coli S. enterica B. cereus

(KCTC1682) (KCTC2054) (KCTC3624)
LA-5 (Lactobacillus acidophilus) + + +
PC (0.25 N HCI) + + +
DKGF9 (Lactobacillus plantarum) ++t + ++
DKGF1 (Lactobacillus paracassei) + +H+ +
DKGF8 (Lactobacillus casei) ++ + +
DK207 (Lactobacillus casei) ++ +Ht ++
DK211 (Lactobacillus casei) ++ ++ +

" Al values were mean+SD of triplicates.
"+, 10<diameter<15; ++, 15<diameter<20; +++, 20<diameter.

Table 3. Measurement of proteolytic activity of the isolated strains at 24, 48, and 72 h
Species clear zone surrounding the disc (mm)

Sample 2% h 48 h 72 h
LA 11 19 288
DKGF9 13 24 36
DKGF1 21 324 46
DKGF8 12 253 38.2
DK207 12 25 335
DK211 13 247 276

" Al strains used 11 mm cork borer.

"+, O<diameter<10; ++, 10<diameter<15; +++, 15<diameter.

LA-5, Commercial strain: Lactobacillus acidophilus LA-5; DKGF9, Lactobacillus plantarum; DKGF1,
Lactobacillus paracasei; DKGF8, DK207, DK211, Lactobacillus casei.

94 | J Dairy Sci Biotechnol Vol. 38, No. 2 www.ksdst.org
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A¥S vler O & DKGFI(L. plantarum), DKGF1(L. paracasei), DKGFS(L. casei) 3%5-& Ads}

=
of A}t 4 Eg5Hh
6. sl &Y =4
A% o DKGFI(L. paracasei), DKGFS(L. casei), DKGFI(L. plantarum)s A3t Taf-
o] A B 7S H7I5H] Y8l ABTS radical scavenging activity, DPPH radical

scavenging activity, FRAP assay, Hydroxyl radical scavenging assay®l ti$t A7E ZRI5IA
HFigs. 3-6). AA oA EejH 359 4S9 ABTS radical &7 Z4S 243 Z3= Fig,
33} Aok B 3%9] ANt % DKGFI(L. paracasei)7} 221521 [. acidophilus LA-5KET}
=2 @42 HEQth DPPH radical £&A5E 4% 23 Fig. 49 2o A&+ L
acidophilus LA-58Eth DKGF1(L. paracasei)®] 2/g0] 71 A ER1=Jct. DPPH radical &4
5& 245 A= Fig 49 2t A8d591 L acidophilus LA-5RY DKGF1(L. paracasei )2

60
50

40 -

Scavenging activity(%)

10

LA-5 DKGF1 DKGF8 DKGF9

Fig. 3. ABTS radical scavenging activity for LA-5 and DK strains. All values were mean+SD of
triplicates. LA-5, Commercial strain: Lactobacillus acidophilus LA-5; DKGF1, Lactobacillus paracasei;
DKGFS8, Lactobacillus casei; DKGF9, Lactobacillus plantarum.

60
50 1
40 -

30

Scavenging activity(%)

20 -

LA-5 DKGF1 DKGF8 DKGF9

Strain

Fig. 4. DPPH radical scavenging activity for LA-5 and DK strains. All values were mean+SD of
triplicates. LA-5, Commercial strain: Lactobacillus acidophilus LA-5; DKGF1, Lactobacillus paracasei,
DKGF8, Lactobacillus casei; DKGF9, Lactobacillus plantarum.
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140

120 - ]

100 -

\
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—

80 -

60 -

FRAP value(uM

40

LA-5 DKGF1 DKGF8 DKGF9

Strain

Fig. 5. FRAP activity for LA-5 and DK strains. All values were mean+SD of triplicates. LA-5, Com-
mercial strain: Lactobacillus acidophilus LA-5; DKGF1, Lactobacillus paracasei; DKGF8, Lactobacillus
casei; DKGF9, Lactobacillus plantarum.

70
60 - {
50
40

30

Scavenging activity(%)

LA-5 DKGF1 DKGF8 DKGF9

Strain

Fig. 6. Hydroxyl radical scavenging activities for LA-5 and DK strains. All values were mean+SD
of triplicates. LA-5, Commercial strain: Lactobacillus acidophilus LA-5; DKGF1, Lactobacillus paracasei,
DKGF8, Lactobacillus casei; DKGF9, Lactobacillus plantarum.

o] 7 A ERI=ITE. FRAP 84 &4 Z3olA= DKGFI(L. paracasei)7t /3831
Lactobacillus acidophilus LA-52T} 973t A5} 528& YeRNIth Hydroxyl radical £4
582 &A%t A3 Fig. 63 2tk DKGF1(L. paracasei), DKGF8(L. casei)7} &9 L.
acidophilus LA-5 4 T2 8750} v|wslg o 9431 galslso] SR1E|Qlt). AL &
‘AR EE S BE6] 93t Akst HIAUEE 7R 10‘11 oI5 ANt Fiketa o]
tisto] Kol Bars]7] AJRKSIQITH16,17]. whebal, 15 gRilksl sEjo] S5t TR Hlo| QE| AR A
9] 8 Z o= AlgH.

%
2 Q7o) B 9 A 84 PAolA Bejt fakte] 24 ATs] el e, As
s A4S ZASIT 0] AE T AR 2AFS SIS 9o Belel g0 T3
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AL 495t & Macrogen©Al 16S rRNA ¥4 A3}, DKGFI(Zactobacillus plantarum),
DKGF1(Zactobacillus paracaser), DKGF8(Zactobacillus caser), DK207(Lactobacillus caser),
DK211(Zactobacillus casei)°] SRI=Act. S st=9] AF Wi AE XA EH 57}
A LAB9] 7| A8 S0 dizt A 33t 37T, 55T, 65T, 75ColA 2442 5&, 15%
S5aF] WEA &Rl A}, A #5221 Lactobacillus acidophilus LA-52] WEAAT S-AREAL
o] 3-8 HoFQr), R so e Al 1E ARgraet Hlw e mf 107 CFU/mL oPde.
B 955 A2 BoFolal, KCTCE=Egaetard BaxtdMe)ollA B Escherichia
coli KCTC1682, Salmonella enterica KCTC2054, Bacillus cereus KCTC3624 35S E-83t
P Al RE 4FE AAR] 7591 [ acidophilus LA-58}F ¥ 1510] GARIAY H &
Tt BS UEth SRS s AgolA, 5709 o= clear-zone?] 70| 24417 olA
T2ARYO R A= A} S718AL, L. paracasei DKGF1°] 7V 2 A7 2kl Qlo] i ss
go| 7P 943t Ao YERT) 5719] FFEEE AgE 3709 45 ABTS, DPPH, FRAP,
Hydroxyl radical scanenging /43S Z3s}o] tiolst Filelety auls Uelich Aafdog,
571A] 25 S04 43t 71548 2= L. paracasei DKGF1°0] FA|ZQ] ZgHlo]|QEIA TS
Lt 27 B AR el 183t oeetar e
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