Korean Journal of Microbiology (2014) Vol. 50, No. 1, pp. 8-14 | E —E—'
DOI http://dx.doi.org/10.7845/kjm.2014.4005
Copyright (©) 2014, The Microbiological Society of Korea

Home-made L2 ELR} A|TH SO0 LIEE A
=gt HrMAO| 7|SH EN -’F-M'

A X
[LEyRL

a

0%
—

==

Studies on the Functional Properties of Lactic Acid Bacteria Isolated
from Home-made Yogurt and Commercial Yogurt
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The objective of this work is to investigate and compare several functional properties of lactic acid bacteria (LAB),
Lactobacillus casei SK-7 isolated from home-made yogurt and Lactobacillus bulgaricus YK-11 from commercial
yogurt. Initially, physiological and biochemical properties of SK-7 and YK-11 were characterized. Phylogenetic
analysis using 16S rRNA sequencing were performed to identify the strains, and the strain could be assigned to
Lactobacillus casei and Lactobacillus bulgaricus, designated as L. casei SK-7 and L. bulgaricus YK-11. Phylogenetic
tree of SK-7 and YK-11 was plotted based on 16S rRNA sequence comparisons. Production of lactic acid and
organic acid, and pH changes in the cultures of SK-7 and YK-11 were monitored during 72 h. During the incubation
period, several functional properties of L. casei SK-7 and L. bulgaricus YK-11 were examined. L. casei SK-7 and L.
bulgaricus YK-11 cultures eliminated 93.9% and 88.2% of nitrite, respectively. Antioxidant activity of cultural
supematants of SK-7 and YK-11 were 62.6%, 54.9%, and activity of p-galactosidase were 14.9 units/mg and 13.1
units/mg, respectively. The antimicrobial activities were examined with 20-fold concentrated culture supematants
from the cultures of SK-7 and YK-11. The activities of SK-7 supematants were clearly observed against all
microorganisms in this work, whereas no activities were observed in YK-11 supematants. Although it might be
conducted additional functional research, functional properties of LAB isolated from home-made yogurt have been
shown to be better than those of commercial yogurt in this work.
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BF2E(yogurt) = ol ZAtE FFoto] HaE Sl I ZH}o] & ¥ X(probiotics)= AUl S017kA Rt &3}
SIA AFLR, W AW, F5, 53] TH ASHAL A= £ T doz, A A v 27] 9 Ul*@a 55 9
A Al2E L FEE o] AFolth. F2EE A AME J5HA vzl/\lﬂ— —f"flol 2 Oﬂﬂl, g5 FHU2HES AN
w3 I Ful7tk Qe AEoR, HEtl ASL HE BE £ i, Hg = sEo] Atk 133 YA, WY

3eto] 5ol EA|oh ST L, B 59 Fr1do] § 5732, HHI*EWH Ul%‘s 24 52 A= F8o] 3
FEOIU) E3 Aibtol oo Xt gl o] 2afjEo] 9] om, AArY] o 9 &3}t 53} gl AR 48A YUt
o] AHollA 237} 21 F471 48 A2 2R3 2 (Sanders, 1999; Saarela et al., 2002; Gill, 2003).

ZEE &4 Ao FLol= n|AEY 649 Fgo 2 uki) Q= e 20| wet Streptococcus thermophilus, Lactobacillus
Zujy} YA ED HEAE 201E0h QT2 EL AH A] Ao delbrueckii subsp. bulgaricus 53} 7+ thofst ZAF-So|

A Helicobacter pylori T2 A& AA|51, A Akae} 3bik gof Fofets A2 deA Ll em(Martini et al., 1991), o]&
8 A 270] JFL E 4 Y Ao RuB v gk Liner 24| 753 Aol 2-85He folatel il g Aol
al., 1999; Yang and Sheu, 2012). HiEojgitt olE @5 FAA O diste] et WS 7HA
31 Qlal(Zhou et al., 2012), 27 Fk= o)4+e] AFHA AlWollAl
*For correspondence. E-mail: kyeheon@sch.ac.kr; Tel.: +82-41-530- BATES et H B3| 2228 S (methemoglobinaemia)
1353; Fax: +82-41-530-1350 o] ARJAEAQ obdAitgol tigt 275 (Alan et al., 1998)& H




£otol, AT £4S dorlt faLS AT Az 4
AARl QT B3E fEste FH4t8Hs(Aloglu and Oner,
2011), 33 EU5S A43HAZ4 4 Q&= B-galactosidase 43
(Savaiano and Levitt, 1987)0| =11, lactoferricind} Z+-& 3}+4&
A 24L& Bulste fallwel tigt AEE 7R = AR B
=] Q) cH(Paul and Somkuti, 2010).

£ AdollME Zite 715480 FHHEE T, 7P ClA
A1 TH= home-made Q72 EQ} AlFo|A TufjE1 Ql= &
FREOA W] 7|clehe HAMFE Felslo], o] 2kgo]
gt o 71548 vl Ao, £ 4559 &4

S A5 2T

M= gk

Mizel 22| W Hi¥

7Ho A T2 E A 27|(KADE ©]-&5te] 42°C oA 8AIZE
U LAEAT QFEES AlFofA T EIL = A TEEP
AL KASE 242 5 m¥ Fshe] 100 m1e] A=) F4=7) &7
Eeta3e] FAAR &, ISl 1087 I F .
& A9 ARE 107107 gHE FAAIR] F, 100 wH Fsto]
0.002% BPB (bromophenol blue)7} #7}el MRS (deMan,
Rogosa, and Sharpe) (Difco Co., USA) 14| B 2 x| o] =3}
1, 37°Cof| A 48A|17t 52t uljFst A th(Song et al., 2009). =2
Hib-E o] 83 el o2 Z42Fe] MRS LA Tl X
o4l home-made QT2 E0|A SK-73} A|TE QT =2 E0o|A
YK-119] ZAHS E2]5kal, MRS HAu|of] HFated, uljeF
710114 (377C, 160 rpm) XA 7], & A3 o] o]-§5}{ct.

16S rRNA E7|A{ge| AES

£ 71 aFEdA wel 2R A5 e 9o
o] 16S rRNAO] 5t PCR-E A A5t 27F primer (5'-AA
GGAACACCAGTGGCGAAGG-3")%} 1492R primer (5'-CCA
GGCGGTCAACTTAATGCG-3)E 16S rRNA $Ax} Z=Z&
o) ARgskon, o] Aol MEH PCRY| a2 7lo] 2A 5 o]
Y-S A3PstATHSong er al., 2009). FZ% DNA fragmentS
agarose gel A7]G53t &, agarose gel extract kit (Intron, Korea)
£ AFg3tel gelelH S5t om, olS ) HEHS @]
Hae Agatc.

&

P

=22|MTe] HefstH, Me|stelE SE4ZAL

2217 SK-7 250k YK-11 250) Bl Heke] Feis sl
s17] Ysted, MRS LA @uf ] of| mdksle] vjeet 3, Thg M
& 5ot YA dnj o R FHEy EAS WS A
23lsha EAJS | ws}tr] 5}, glucose, starch, citrate, gelatin
o]-&oJE methyl red (MR) A| g, Voges-Proskauer (VP) A|g,
Klingler iron agar (KIA)o|A] HoS AJAo]H, indole AYAIoJH,
litmus milk ©]-§ o] 5 5& ZASIGTE & AJF oA ARGEHKIA,
MR-VP, Simmon’s citrate, litmus milk ¥} Z]:= Difco AHUSA)
o AEL o] g3t

aFEEd Helg Qakwel 7154 9

MiZel S| W pH st £

MRS SAJE%] 100 mlo]A] Eelgt #5217 WEshL,
gefaE7] o (37°C, 160 rpm) 72412k Fk wRFSH AT, pHE
12417k vk} 3 ml o] WiQFLS Fako] 25t

HPLCOll 2|5t R7[Ate| HHEM

HPLCE ©|-&38t dibdo] sk /714t SollA lactic
acid®} acetic acidE EA35F3 T} E4 o AR&%F HPLC system
& SPD-10A UV/Vis detector7} £-2}=] ShimazuA}2] LC-10AT
AZ-S AR, AH-E Supelcogel C-610H (300 nm x 7.8
mm, YA27] 9 pm)E o|&stAth F= A7) 0.45 umel
membrane filter (Pall-Gelman, East Hills, USA)¢]| &]1}5t0.1%
(v/v) phosphoric acid (pH 2.1)E mobile phase 2 AME-SFE L,
HPLC Z5 2L flow rateE 0.5 ml/min, UV detector2] T2+
2 210 nmZ AA 3} ) Lactic acid®} acetic acidE 1:12 4]
& §912 HPLCE S8 $430] e Fho2 BaEgaaie
2 =ASeH, 12A17F vtk JJFE A RS B85, 1 &

EAFTA | Rd/AarEste] {714 RSB THChun et
al., 2005).
O ZIMA A7is &=F-

=20 o |o

AR 2% ZARE Tto 5(1979)2) HPE-S wat AAJsh
k. A= YaE sodium nitrite §-24(1 mg/ml)Z} MRS A
HZIE 1:99] vl &2 EJ7t A& ARSI e, 71 87 EE
oA FEE Zite 22 iR] ol HEstod, 72413 F1 R
71(37°C, 160 rpm)©fl A BjFSHATE. 12A17F itk 1 mlo] vl oS
FJ35}o] 5871 13,000 rpmol| A YRG5, 100 pl o] A5HE
#3149 0.02% sulfanilamide®} 0.1% N-1-naphthylethylenediamine
dihydrochloride, 35% HCIS- Z}Z} 1 ml¥] 3715}1od, QHAoflA] 55
ZERESAIR &, 538 nmof| A S =S S8t

2 Z4htE 100 ml9] MRS AAERR] HFshe] 72417k
Bt AR 7] ol A v Skt 12417 whet v gFl-& ke
10471 13,000 rpmol| A YH-E2|3E &, A5A-S Hoto AH
ALg-5H4 ) Blois@] B (Blois, 1958)2 2318 DPPH (2,2-
diphenyl-1-picrylhydrazyl) & 7| A& o]-&3t g4les2 2435}
fck

0x
2

B—Galactosidase & =X

B-Galactosidase /-2 Miller?] WH(1972)& whel 245}
St 223 F 71 AAS MRS HAEjR] o] 242 4E3 =,
T2A7t % Al stR e, 12417k uit} 3 ml19] vjgFlS
F sk 10821 13,000 rpmell A AAEe] sttt AR E =,
FAZ 3|4=5}1, B9 Z buffer (60 mM Na;HPO, - 7TH,0, 40
mM NaH,PO,, 10 mM KCI, 1 mM MgSO; - 7H,0, 50 mM f-
mercaptoethanol, pH 7.0)E A7}5}e] #A41E ATER]A, 7]
Al 1 mlE F5}o] ODgsor 57858131, THA] 0.5 mIE FI5}o] Z buffer
0.5 mle} A o] S|AAFH T} 34 E FA|o) 100 pl chloroform¥}

ox,
ol



10 Choi et al.

50 pl 0.1% SDS (sodium- dodecyl sulfate)E 2715t &, 2 235}
Sk w7 oA 30°C 2 287 H33t &, ONPG (o-nitrophenyl-
B-D-galactoside, 4 mg/ml)7} 715 phosphate bufferE 0.2 ml
A7rete] 15871 30 C 2] vijekr] oA ¥hE-AIF 2™, 0.5 mle] 1 M
Na;CO; & 37}ste] FAAH T FF == 420 nm@} 550 nme]|

A &5t B-galactosidased] B/ 22+ Allstict. &9
ST (unit) = 1 g AJZo|A] 15 7F ONPGREEH 1 pmol
9] o-nitrophenol ©] F-25R= A& 1 unit 02 3}$3.©H, o-nitrophenol

o el BRYFZHIAN ALSstst
0Dy, — (1.750D,) 1 nmol
Activity = - X 1.7ml
ctivity ODy;, X time X vol 0.0045 ml cm rm
e =L

Z}Zke] @ 2 EoA £E3t A9 TS 2AE]
{3l, At FFE-2 MRS HA| B x]of] 353131 37 CoflA] 48
AIZE 52t vzt $, 4,000 rppmof| A 1027+ YRS 3l A
S59L sttt 3%t A NS 0.2 pm syringe filter© 2
AT 7, lllS EADZ7|E o] galo] 20012 FHAZT.
FEAZ) wioF S o gt disc diffusion assay WS Bt
of ZASIIh FFRAEA] S FEE
ATCC 14579, Candida albicans ATCC 90028, Enterobactor
aerogenes ATCC 15038, Escherichia coli ATCC 9637, Salmonella
enteritidis ATCC 14028, methicillin-resistant Staphylococcus
aureus (MRSA) CCARM 3141, Staphylococcus aureus ATCC
12600, Shigella sonnei ATCC 25931 59| 4553 doZ

FFES ARSI olE AldES AAEiA O] HETH
3, 247 WjeFsto] AMESIAEL, WioFE FHRES A E)
Al D, paper i S, SN PGS
£20 1 B4 37°C ol 2417 WJFAIA, dise Flo] £
o] 4422 Shelal w0 2 AT

-2 Bacillus cereus

[ A=Y
pr iy

21}

=<

Kl
3

M2l 22| X Hie

7HolA 23 HAEAZ] 8F2ES} AT A BHfF 87

2E2nE o] g LAFo duEE #5e
MRS A A E o] ko] =% BHNE B3 ek
sto] Balsioint. 2l F 71X @5 MRS ARujxo) g5
atod, Mehufokrof| A HioRS: GAA)7| 0 B A gl o] g3t

16S rRNA sequencing2 E5t IS4 BAM

Ztzto]l @2 E Yo A3t 9l #52] phylogenetic
treeS ZAJ3}17] 93l, F5oll £A3h= genomic DNAE &3t
%, PCRZ o] &8 55 53l Q7IAEs FEZos A4Hst
At AAE I7]A4 =S NCBIS BLAST AT 2 7218 A4
3to] A5AS vlwet 23}, home-made T2 E A £
FF SK-7& Lactobacillus casei®t 9%, 18] 1L A] —,l_l'ﬁ_:rL_E_E

of| A B&st YK-112 Lactobacillus bulgaricus?} 98% 2] -

4 HEAS BT o5 2
SK-73} Lactobacillus bulgaricus YK-112 HHE O™,
FRETY JABAS

X Z}7} Lactobacillus casei

Lactobacillus 43(genus)o]| £31=

Fig. 19] Lreh 2k

5 7he ATEEA RelE IS 4% TR
o, ) el 20 e g e, e
Yyl By oz BATt 54 WS ANk e
o]-g-5to] w59 A2 3tetA ‘—E.*a‘fﬁ*l'— AXTE A3}, SK-73
YK-11 2% glucos EFA AT, ARe] A4
qBE A= methyl-red /\]G‘JJ( KIA o]85}¢] disulfhydrase
ol &3t HoS 9] P75 ERIsks A2 YK-119A4TF 443
© 2 LRyt 1 8] indole production, citrate, starch, gelatin
Z9] o] 8o E 2l litmus milkE HES} A|7| = HHE B E 240

2 W= QI cH(Table 1).

Mol Mzl U2 pH Hel £4

B3t L. casei SK-7 45} L. bulgaricus YK-11 435 2}
FMRS SRl Ale] Hgstel 72417 ok giep] A H)
slgl.om, 12471 it 1 ¥skE =48} thFig. 2). SK-7
9] 34 124771 A4 02 pH7k st o YK-11
36AIZIMA] At o, 11 5 A AASHA FAI = Sl

N

[ [SE TR

100

58

i

Lactobacillus zeae strain RIA 482

100

L
no1

100

Lactobacillus oligofermentans strain AMKR18
Lactobacillus thamnosus strain JCM 1136

Lactobacillus casei subsp. casei ATCC 393

Lactobacillus casei SK-7(®)

Lactobacillus paracasei subsp. folerans strain NBRC 15906
100 | Lactobacillus paracasel subsp. paracasef strain R094
Lactobacillus casei strain ATCC 334

Lactobacillus bulgaricus YK-11( O)

Lactobacillus crispatus strain ATCC33820

Llj Lactobacillus acidophilus strain NCFM
73 Lactobacillus helveticus DSM 20075

Fig. 1. Phylogenetic analysis of L. casei SK-7 (@) and L. bulgaricus YK -11 (O) related bacteria of the Lactobacillus subspecies group based

on 16S rRNA sequence comparisons.



Table 1. Phenotypic characteristics of L. casei SK-7 and L. bulgaricus
YK-11 isolated from home-made and commercial yogurts, respectively

L. casei L. bulgaricus
SK-7 YK-11

Morphological characteristics

Cell shape Rod Rod

Gram stain Positive Positive
Physiological characteristics

Indole production - -

Glucose + +

Methyl red - +

Voges-Proskauer - -
Starch hydrolysis - -
Gelatin hydrolysis - -
Simmon’s citrate - -
HsS (KIA) - +
Litmus milk (peptonization) - -

HjFz7] HAE)A] o] pH= 7.000] 32w, 7217 v 3, 2|F
pHE SK-7 #2329}t YK-11 #9] & pHE ZHz} 4.212} 4.96
L2 ZAEY

HPLCOl 2lst 22| #F2| |74t 24

£8FF SK-77 YK-11& Z+ZF MRS HA|ulj 2| of] 5F5}aL,
T2A|ZE Fet ARk o A vl e, 714 B4 of ARg-
T A2 12A]7F viet A Fste] HPLCZ £33t} HPLC
chromatogram Aol F712] Q. peake} E 7] 2] 22 peakE0]
2= 9lth. Authentic standard 2 4] lactic acid®} acetic acid7}
112 235 AL A5y o, A28} standard S 8] W89
o, 22} 7.7043} 8.90-2]| A 2] peaks7} T AT A= e
on, o]5 §71AF Z+Z} lactic acid®} acetic acid2 E21E| )
t}. Lactic acid®] AL F 7HA] 5 BFA A &H o2 &
7ok Aoz 24 Hgon, 3 AL SKT 257} 3543
mM, YK-11 #27} 316.1 mM2 ZA =9tk o]o] ]} acetic
acid= & 7HA] 45 BF 12AIZ7HA] Aol S71sklom,
HE YAPTFL SK-7 #57} 1463 mM, YK-11 @37} 127.3
mMZ A=t Zakdol] 9t {714k Aol der g2 A
T RE O, tREY Al thkR A g Ao st

i

o]

aTEEdd Helg el 7154 11

L BugeRN, AE SN BES B AToIN AT
714k v wsle] =2 Ao Z B EItHSong ef al., 2009,
Kim et al., 2013).

=2| ZFo| oEiig AMs

ol tigt obEArd 27 S-S fiste, 1241 7
Ao 2 ujofo] opdAtY FEE SA5cH(Fig. 3). F 7HA|
TF 5 GUsH obdAtg S AAstgoH, SK-7 #59 4
S 12Xt o] %o 2AFO] FEHER F78 T24]7k0] EY
= 1, AFA O 93.88% 5 UERHITE YK-11+= 48A7H7HA]
aAFo] A&Hor Fristthrl, I olfols 4 5o R
A=Y, FHoZ 882%9 2A5S UESich L
casei SK-7-2 tofet Wha ZARA S} | S o B3 W
o] &A5S UEtf Sl om, AlFollA] =1 gl L2 E
A Beet ikt vl ustg S o obdAE S o F &A=
Aoz eyttt obdAtdS Aol A obglF(amines)e} §H3-
3lod w22 9] U E 2 Ao}l (nitrosamine) S AAI M= Aoz
A eH(Mirvish, 1970), o]2]gh HojA 8 F2EofA of
AAE 2AFE Y 7L mi ¢ Fadt Aoz A
a4}

22| #Fe| etsts

Ee|dF SK-73 YK-119] 3HAisks £4S $)ste], DPPH

0]8-3} radical scavenging capacityS ZA}SFHtHFig. 4). ©]
Zoll A GABFS-L vk 3 1241070 A 275
o] o= HY £EOE FAEHE AR YEHT
15hs-0 SK-70A] 62.60%, 12T YK-116]|4] 54.98% =
A= AFA O 2 . casei SK-7 #+-F= AT = Q2
oA EE|gt At L. bulgaricus YK-119} H| W 3}o],
= FAEsE Hole AL E Uyt b2 Aoz
DPPHE ©|-§3to ATHLR LHAA TE QF1EET} A5
oA TjE 1 Q= 82 ERT FHitskso] B Holuth=s 2
7} B35 v} th(Aloglu and Oner, 2011). 8AJ Ak (reactive
oxygen species, ROS)2Zh= F3ll 229 B2 AHolA 43t
AAAES BRI, o2 s AIZ HollA S 7152 &
2ol Q= a4 9] 7|52 AHISHA dlal(Pelicano et al., 2004),

F

=
K

4N o (o
| J§‘~ oo
LT

f

110,

Log CFU/ml

- 100

Lactic acid, Acetic acid (mM)

0 12 24 36 48 60 720
Time (h)

12

24 36 48 60 72
Time (h)

Fig. 2. Growth of test cultures SK-7 (A) and YK-11 (B), measured as viable cell count (@,0O) and compared with the parallel formation of
lactic acid (I,[]), acetic acid (A,2), and pH change (4,). Results are mean=SD of three parallel measurements.
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120 |

100

80

60

40

Depletion of sodium nitrite (%)

20

0 L L L I I L

0 12 24 36 43 &0 72
Time (h)

Fig. 3. Nitrite depletion by test culture SK-7 (@) and YK-11 (O)
during incubation period. Results are mean+SD of three parallel
measurements.

AJ3Z 9] DNA strandE £2]A]7|H, oHd 32 HghE doA o
< gutsl= g ¢lo] FkSallmyr ef al., 2008). ©]2] 3t 2o A
SFEEY AT ML {83 7o 2A, 2 Aol
AN QT EE REldtTe BE SARE A% 58S
7HE Aoz 2AE I

B—Galactosidase & =X

a5 SK-71}F YK-119] B-galactosidase A2 gofR 7|
Sfstel Eaole] g3t 7189 BoES SHsATkF. 5). L
casei SK-7 #52] 739, HF 5 24 A|7H71A] B-galactosidase &
Aol F43 Z7lslgen, 36A7to] AuslES w, 14.9
units/mg © 2 7Y £& &S el o, T F ufjkA|Tto]
ZAsto| whet A4do] 238 FAsA). L bulgaricus YK-11
ZA-oll&= L. casei SK-7 w50 A<} ofz71R| 2 24 A1 7F 71| B-
galactosidase &4Jo| 23| Z7151492H, ©] wff 13.1 units/mg
22 7M=& 84S Ul I 3 ujAIRto] B aetel wh
24 Qo] S} 725K B LeRolch. p-Galactosidase
Gy fAE] TIE Ao Bafol Bolsh BARA, E
e 71549 ale s g A Qiok

16 F

14

12 r

0 r

Relative activity {unit/mg)

0 12 24 36 48 60 72
Time (h)

Fig. 5. B-Galactosidase activity of SK-7 (@) and YK-11 (O),
measured as optical density and calculated relative activity. Data
shown represent the mean+SD based on triplicate studies.

100 |

F=Y o co
(=] (=] (=]
T

(=]
(=]

DPPH radical scavenging capacity (%)

(=]

0 12 24 36 48 60 72
Time (h)

Fig. 4. Antioxidant capacity of SK-7 (@) and YK-11 (O), measured
as optical density and DPPH radical scavenging capacity. Data
shown represent the mean+SD based on triplicate studies.

e AL

Ha]x ZANEQ L casei SK-73} L. bulgaricus YK-112]
8] ZAR= disc diffusion assay B (Song et al., 2009)Z o]-&
stel SRalsiech F 7H) Belarel 5 WS
Ao Poddl= 1R A2l B. cereus, MRSA, S. aureus,
OS24 AlatQl E. coli, S. enteritidis, E. aerogenes, Shigella
sonnei, 183l &2 Q1 Candida albicans®l 277t =ZA|7] &,
24 X7k FRt v eFste] disc 9o B == FEAHY FHFF
£ 53] 34 ZAE A8 1 A3 home-made SFLEE
oA £29 SK-7& 2E w50 ] FHHE FPstE=EHN
FFEAAES M AL E BEE G O (Fig. 6), A|lHAFTEE]
A 229 YK-11& F240] A9 yehtr] Zgkeh A%
Aol A B3 Lactobacillus E2) A AW-42 Hdd=ol
gt Frgdol Bt ATolA wiekE BAE 714l e%
FA AT i FFTHS SIS ol FFEE0] vt
UA] ghgteh= A& B8t th(Ma et al., 2009). 2 A4 =
pHE FALE AN WS oA = Fae/do] YA
UG oL, pHE 2HSHA| 2 A5 HolA= T840l vet
e 5% 2ot dojRom, o] Aag F3A Aol
Tolote BAL §7)41¢1 Ao 2 AtETh B AFolA AL
A o2 9=} XXX B E Lactobacillus sakei,
Lactobacillus casei 53} ¥ 18}-& W], B. cereus, E. coli®} Z&
2 #5200 g IS Bk}t {FARE AR BuE Bt
Ith(Yang et al., 2012).

BFEEE H|ESHY ofg] YaAE FolA £ 2+
2 A F9] gt FulE FRAZIAY AEA Wl A #ro7] 2o
a3t 983 o, &3] Aol Tt 24 74
TAkSkeA, oA e (diacetyl), EHE| 2] 2 Al(bacteriocin) 5-0]
X35tE|o] QY= Ao RE A 1o, Lactobacillus Fo A A4
AbE]= vhe 2] 2 A1 2 DA(EE) 48 Aol tis Hol
W8S /1A A o2 B35 T Quuk(Schillinger and Liicke,
1989).

Al Ao T EEE SREA Yk ofa}, Zibgtol
i Z 2P| 0 AT} 7L 0] Yl V)54 AlEFeEN 28

[e>

O

[e)
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Fig. 6. Antibacterial activity by 20-fold concentrated culture supernatants from SK-7. Paper discs soaked with the supernatants were placed onto
lawn plates of Bacillus cereus (a), Candida albicans (b), Enterobacter aerogenes (c), Escherichia coli (d), MRSA (e), Staphylococcus aureus
(f), Salmonella enteritidis (g), Shigella sonnei (h), All strains grew on nutrient agar plates.

H2 glow, Aito o 71K 7153 EA4L g2 A&
ol gl Eaxlojgitt. 223t 7ked|, Heolld AzEe a4
EEQ A REE= @12 E 3t 7540 9] vl wof i =
5] ZAZEA7|E o] 231 itk 2 Ao A RR AMEH &
T2 EE0] home-made SL2EQ} A|T QP2 EE | 73|+=
AL oFYAT, o] AFE2E Yo EAst= 24kt o] 7HA
£ 715730 et A I REe A3 vty Wiz, =Y
7357 Aol A (g Rt B ZAPL o] Foj Ao & Hart
Qlcka A
§e

X ¥3l= home-made QFT2EA BE3J Lactobacillus
casei SK-71} AjFo|A HujET Q= QF2EoA EITt
Lactobacillus bulgaricus YK-119] 7154 vjn £4317] 9
af AAJstE WA Al SK-73 YK-119] A3k
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