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Abstract: The purpose of this work was to examine the
antibacterial activity derived from a lactic acid bacterium
isolated from korean rice wine, called makgeolli. Various
physiological and biochemical properties of this strain were
characterized. Both the BIOLOG system and phylogenetic
analysis using 16S rRNA sequencing were utilized for
identification, and the strain was designated as Lactobacillus
casei HK-9, and registered in GenBank as [JQ951606]. Growth
rate, production of organic acids (e.g., lactic acid and acetic
acid), and pH changes during growth were monitored. The
maximum concentrations of lactic acid and acetic acid were
approximately 576 mM and 199 mM, respectively, and pH
was changed from 7.00 to 3.74 after 72 h of incubation. HPLC
was used to confirm the production of lactic acid and acetic
acid. Significant antimicrobial activity of the concentrated
supernatant was demonstrated against various food-poison
causing bacteria (e.g., Bacillus cereus, Listeria monocytogenes,
Staphylococcus aureus, methicillin-resistant Staphylococcus
aureus, Escherichia coli, Salmonella enteritidis). Ethanol
tolerance of L. casei HK-9 showed up to 12% of ethanol
within the culture.
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A= 3, Held, WL ol FE ES 4lo] WA
A71E River AeTEA, 2wl e A2 2t
Hs]x] 11 QlotA, wde] Q] A7t S7EA|R o]of R AL Q)
o} At 2010 vFdE] 52 2009% X} 58.1% S7F
319, W] FEES 19,407 KLE 200935} 178.1%
7} s7ksalom, sile] a=9lo] whe] o] HggrkE Qs
Ak Qlukal ®arskic [1].

Aat-2 Aol A 75 MAAIA sFolAl felst
AIE T AE B S RS ov|shs ZEnjo]
Q¥ (probiotics) 2] t)E 4 vjAEo|} [2]. FAtS 1%
o) vle-EAd, vlaEAEAd, wasduirtel o8l ke A8
ks AlRFe® [3], oklv #d o] wa s FaellA 2Ee]
TS PIATIH, AR sk A7) el o
AAELS 7HA)= Zlo 7 B vh Qo) [4-7]. 2R oF
oA [8,9], HIAI~E] &/d38} [10] 52 Thefst 7]s57d0]
N o dEA Stk Itk Hold ZloR UduA
A=, AAREE o] gste] AlFs AR APEAIZ =
Ao 2 VERITY [5]. 53] Lactobacillus 52 TFXFet Alatel]
st SEHd A7} o]FoIX| L §lom, IHEMIQIALEA
714k, ksl vlelg] 2al So] dEA Tk [11,12].
F ol vl e stk 2 ()7 @4aks) (1319 3
=3} [14]9] 7)s©] dtkal Hargl uf Qi

B A= AHE= WA 25 Y Lactobacillus casei
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HK-9.8 ‘53ple7 18 53 welstod, ofe] 74 Fehet
2w S 598 AROH, EelEE ol8 sl
HFES 907 % = ofe] 7P PARE Bt 32
e 2315,

2. 4% R 9y

2.1. #FEHEG gz

Aol A AR AT T oikA] A1 A
ol A Az FEs sekxe] Aubde] (4 W]
56%, B7HF 20%, At 24%) 5 THste] Sshlk
ox it e AlEE 1 mL FH3l A9
970 FHe Y 10°0% 343 5100 uLE 0.002%
BPB (bromophenol blue)7} 37}l MRS (Difco, USA) 14|
Bl e £star, 37°C ek el 714 2ow
48A1ZF vl oFaelth. 2] Kol A wbAS vl
-5 skl MRS 1Al of] FaA el S &3t
S wjeko ® HK-9S #a]akqitt.

22. B2 Fefety B L A2ieta BARA
ARt HK-95 MRS LAl #]of] =dsto] @l 3t
o] Fej2 selaty, TBANL AAste] Fefsta 54
& paslglon, ol 7k AR S ARG 2]
2|l 5792 GP2 Microplate™ Identification System
(BIOLOG, Hayward, USA)Z o] 430 E4319ic}. e
AFS BUG A< Tkt 3 37°Co) A 2447t
2t vljegsiodct. vk Al @Ml Biolog Turbidimeter
(BIOLOG, Hayward, USA)E ©]&3}% 20%7F4] Bt
GP2 MicroPlate®] 9671<] wellell ZH2} 150 pLA #5519
3z, 30Colx] 48AIRF 511 wslitt. uiete MicroPlate ]
ZA3}5= MicroLog™ database softwares &3l &1}IT}.

2.3.16S rRNA g7| 49 A5S 84
ARt HK-99] 7-382] A1§5 (phylogenetic tree) S
2817 91819 16S rRNA sequencing= IS} T} HK-9
5 0] 8319 genomic DNAE =313 1L, 16S rRNA
FHAE S53817] 915k] 8F (5-AGAGTTTGATCCTG
GCTCAG-3")%} 1492R (5-TACGGTTACCTTGTTACG
ACTT-3") primerg AHE-3F31 27, PCRE &3to] 5%
3t} Genomic DNAES 32 % 3Fo] PCR Mastermix
(GenDEPOT, USA)E ©]&3to] PCRE F-333F3ith. PCR
83712 denaturation (94 C, 30), annealing (60 C, 30%),
elongation (72°C, 302)WHAIE 303] ¥H535F 5, 72°CoflA
1027 A8kt PCReY 2]8lo] 535 DNA s 317]
%5t -, agarose gel extraction kit (Intron, Korea) & ©]&
ao] 373 9, PCR Aie-S 7ML 2A9AIR1 SA1E
(Solgent Co., Daejeon, Korea)oll 2]|sto] F-#2]Ql ¢17]
Mde A8t AE A7149S NCBIS] BLAST &
Mg TEle ARSSle] AksAdS vlasielon, Al st
2] A&~ Bio Edit (Ibis Biosciences, Carlsbad, CA, USA),

Clustal X (Conway Institute, UCD, Ireland), Mega4 (The
Biodesign Institute, Arizona State University, AZ, USA) &

o Xz e olgslel AAsein

2.4 A2<) A] THE pHE] WBHeh {71 2
MRS HAHIA= pH 7.0 0.7 Z43F 3 Ba]Alwe] HK-9
= AEstaL, 37 CollA v 71, Alate] A7l mE
pHE] W3}e} w7 |3t Foll Bake= f714ke] ks 84
1P Ao ® T2AIRY M) SAskSIT Alate] - 8AIRE
otk MRS 24| sgshfx]el] ujeFene] 10 314 NS 100 pL
2 Fykeato] 37°Cellr] 48A1KF Ft vieket 5, 9143]4
Hell oJst HetrE Alsto] Bd=4s A6kl pH
HER= 8AIIC} 10 mLA AiF skl A1E #1718 $-, pH
meters ©|-8-ato] St

2] Alatel] eJaf A= 7 1hke 418171 f1@l HPLC
= 118319t} Aol ARR-E HPLC system- UV/VIS-151
detector 2} 321 pump”} -2 GilsonA} HPLCE A3}
301 Supelcorl] Supelcogel C-610H Z# (300 mm x
7.8 mm, Y71 9 pm)= ARESIGITE HPLC 2Fs271e
flow rate 0.5 mL/min, UV 32 210 nmZ 90| AR
3kttt Mobile phasei= 0.1% phosphoric acidE 0.45 um
membrane filtero]l J¥}sl1l, 229419715 o]-&3le] &
el 71325 AAS £ AT 71k A 2
F wjgR o =R AAHT AEE o R AT
BES A4t (lactic acid) @} oFAIEAT (acetic acid)= 712t
1:19] HlEE Egste] whEglom, uijkle: e 7t
< A flate] AF s AlSE 13,000 x gollA] 30i3F
HAEESE 9, 0.45 um syringe filter 2 21519117, Hamilton
syringe S AFE31%] HPLC injector Well 20 L& %1513
t}. HPLC chromatogram-> Unipoint' " (Gilson, Inc., USA)
of oJaf Al =] ol A=Ak

2.5. N9 55 v FEH A=

WAl HK-92] dta/d-s E2lsh] 915to] MRS A
x| o]l HF3to] 37°CellA] 4817 F<F vkt 5, 4,000 x
gollM 203231 EElslo] IS AAsSkL, e e 05N
NaOHE AHg-3lo] pHE 7.00.8 243 =77 pHE
ZAEHA] ok Ads FHIE $, ¥ 0.2 pm syringe
filter & ©]-83te] ofTet &, FANZI)E ol g3t Hxst
Z 20ME B3}

2.6. 55 WA F2EAL =4

S5E TN e B9 g A (plate
diffusion assay)= &oto] RIS Aoz 2
T 2] Ao R B 15k Al Bacillus
cereus, Listeria monocytogenes, Staphylococcus aureus,
methicillin-resistant Staphylococcus aureus, 18+"3 At
Q1 Escherichia coli, Salmonella enteritidisS ©]-23F3t}.
TAITE-S A 99IA] (nutrient broth)oll ZF2} <38}
o] 37°C &7l 24213 WAL F-, 3LA| G Gl
(nutrient agar)el] Bt HWE O E=3kal, o7]) paper
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discE 2852 H, 7 7] 5 ik A 20 uLs
FA715L, 37°C wjE71ellA] 24417F WIEAIA paper disc
Zulel Y FHle] 2717 Frekd s Skt

27. 43 & FEAPEY I

el g ol nhE AEE e gla] g,
717k o 5] 9hgo] ¥ MRS AAHle] F&
ekt 5, gl E 1092 S48to] 100 uLE MRS 33
Aol E=skian, 37°C vl 1ol A 48AIRE MiFAIA w5
o] BEYS seIsi.

3. 89 " g

3.1. M9 £ 4 54

AlgollA dhljsh= wbdel 2 ey 245 k=
AltES F37 TS S8le] 228kl 0.002% BPB
7} 37k MRS IARF A oA A F, 714k B34
st @t Hehe PA sk dE Adske], T 330
AR AN G S E HK-9S w2lskglTt. e Al
THAAE Esto] FEistA A4S AAlstlon, dvA
O P Ay gkl el 1P Al o ® dEE it
Table 104 HofTF+= v}e} o], Q= (indole) 3/Jof -0l
e 5402 et o, glucose s ©]-8-614] S3131 1,
methyl red 213> 573, Voges-Proskauer Al ol|x|=
g YERSITh 2 Aepel Fafjol i AlelM= &
S YERN 01, catalase A& 84, oxidase A1
oM FdS UERNSITE. Klingler iron agar HA]ell A
ERt disulfhydase©l 2]8t H,S 9] 3402 o o= ER1E9)
©™ Simmon’s citrate ©]-2°]5-2} litmus milk A] & oA
FE3} (peptonization)= w7 2 ERIE ST

Table 1. Morphological and physiological characteristics of the
isolate, L. casei HK-9

Morphological characteristics
Cell shape
Gram stain

Physiological characteristics
Indole production -
Glucose -
Methyl red -
Voges-Proskauer +
Starch hydrolysis
Gelatin hydrolysis -
Catalase -
Oxidase +
Simmon’s citrate -
H,S (KIA) +
Litmus milk (peptonization) -

Rod
Positive

+: Positive reaction, -: Negative reaction.

32 A2 £ E 165 IRNA @714 Q) 754 24

weAlT HK-9 #59 $4< fle, 245 &4 o)

o135 BIOLOG BAHN AR S o]-8aho] ZA1E T,
MicroLog™ database software S ©|-8-3}o] -2 st Ay},
HK-93= Lactobacillus casei®. “E73%|C W, Lactobacillus
casei HK-9 02 T 43}3Ict. BIOLOG A ~E1S AME-

sto] dofxl Ayslehd 542 Table 2] YERASITH

Table 2. Biochemical characteristics of the isolate, L. casei HK-9
using the BIOLOG analysis system

Biochemical tests

Water

o-cyclodextrin
p-cyclodextrin

Dextrin

Glycogen

Inulin

Mannan

Tween 40

Tween 80
N-acethyl-D-glucosamine
N-acethyl-D-mannosamine
Amygdain
L-arabinose

D-arabitol

Arbutin

Cellobiose

D-fructose

L-fucose

D-galactose
D-galacturonic acid
Gentiobiose
D-gluconic acid
a-D-glucose
m-inositol

o-D-lactose

Lactulose

Maltose

Maltotriose
D-mannitol
D-mannose
D-melezitose
D-melibiose

a-methyl D-galactoside
p-methyl D-galactoside
3-methylglucose
a-methyl D-glucoside
p-methyl D-glucoside
a-methyl D-mannoside
Palatinose

D-psicose

D-raffinose
L-rhamnose

D-ribose

D-salicin
Sedoheptulosan
D-sorbitol

Stachyose

Sucrose

+

I L e e

+ o+

+ o+ o+

+

D-tagatose

D-trehalose

Turanose

Xylitol

D-xylose

Acetic acid

o-Hydroxy butyric acid
S-Hydroxy butyric acid
y-Hydroxy butyric acid

S-Hydroxy phenyl acetic acid

a-Keto glutaric acid
a-Keto valeric acid
Lactamide

D-lactic acid methylester
L-lactic acid

D-malic acid

L-malic acid

Methyl pyruvate
Mono-methyl succinate
Propionic acid

Pyruvic acid
Succinamic acid
Succinic acid
N-acetyl-L-glutamic acid
Alaninamide

D-alanine

L-alanine
L-alanylglycine
L-asparagine
L-glutamic acid
Glycyl-L-glutamic acid
L-pyroglutamic acid
L-serine

Putrescine
2,3-butanediol
Glycerol

Adenosine

2-deoxy adenosine
Inosine

Thymidine

Uridine

Adenosine-5"-monophosphate
Thymidine-5'-monophosphate

Uridine-5'-monophosphate
Fructose-6-phosphate
Glucose-1-phosphate
Glucose-6-phosphate
D-L-a-glycerolphosphate

+ o0+

+ o+

+ + ¢ 4+ 0o
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Lactobacillus casei HK-92] 384 Al'& (phylogenetic
tree)= AA1317] $18ko], PCRS £3l 16S rRNA 31}
5 Sk, PRl 714L9E AYsiaitt. 44W <
719945 NCBI2| BLAST ¥4 Z 2738 Al&3lo]
AEAE vlwst A Lo caseit 97%2] A AEAd
< B3th. 97149 GenBankoll [JQ951606]% 523}
.91, Lactobacillus ) &= the 542 Als++
A2 AT AT (Fig. 1).

Lactobacillus rhamnosus strain HT2
Lactobacillus paracasei strain 052
EE Lactobacillus paracasei strain X208
Lactobaciflus brevis LU1
Lactobacillus sakei strain SS106A
{ Lactobaciflus casei HK-9(@#)

L actobacillus platarum strain TNS

79

L actobacillus gassen strain LBB 218

Lactobacillus acidophilus 1001H

> 87 Lactobacillus helveticus strain IMAU50040

Lactococcus lactis ac1w5-1GB

0.01

Fig. 1. Phylogenetic relationship between L. casei HK-9 (@) and its
related strains based on 16S rRNA gene sequence analysis.

3.3. A9 7ol wh& pHe| W3t} f-7]4E £4
At HK-97F5 pH 7.0°02 ZHE MRS HAHA]o]
AEsha AlRte] A7) pH WSS A7 1HA 072 S5}
ATt (Fig. 2). WIGAIRE &< wlikele] pH= #[&524 0% 7k
shalom, 40A17F o] % o] = lel mel pHE] Wl
Haesle], HF pHE 3.74% RIS

Al oal Ak 7 1hks E48h] S8l HPLC
5 ARESte] A A, AAala) oM ELle] 23k uE
E3) n)wste] wjekelolA] A e AR oA % 14.41 minT}
16.26 minol|A] L8t |4 (peaks)”} =S}, wahA
o] F7l9] Ija+= [-7141] lactic acid 2} acetic acid= &1
= om, el Alet HK-92] HljQkAIZE Zafe] weE {74t
Q1 ZAka} opM EALS] AR 2441304 370 mM )
120 mM, 48A17Fe] 526 mM ¥} 155 mM, “12]3l 724|171
A 576 mM ¥} 199 mM = Z}2F =S} (Fig. 3). pH 4
o} BluEiie W, o= f71AR vk pHE W=t
AR Fks X 02 ERIFQI}, W2 ATtollA
ZAbA|t BE 71 F 714 (organic acids), diacetyl,
IA3E2 ) bacteriocin 53 22 okt IeMES AAE
= Aoz AT} [15,16]. Ao gl oA 2
3t Lactococcus lactis HK-9°14 v2k7]7F 0] 495.6 mM
ZAk2 104.3 mM oA EARS A SHSl AL [6], A%
217X B=2%E Lactobacillus sp. JK-8< 192 mM 24}
43.6 mM OFIEARS A8 om [17], ZA]olA e

Lactobacillus plantarum YK-9+= 7213+ ool 588.7 mM
b} 255.5 mM oA EARS A skolthal skl
th[5]. o5 A= Al i TRl EA8H: 2kt
2] FAas) o] Tl whet vheket 315Eo] ALy
™, Fig. 204 HojF== uke} o] HK-9 Hike: 2 tiAt
AREEA Z obr|EALS: AAteR=T, o 7 ik pH
= SFEAA B Aol @rdAdel 9 vXIvhs
A AAF

N ovwbkvo N
T T

oy -~
=1 b=3
o o

2
o
Lactic acid, Acetic acid (mM)

]
T

1400

S
T

1 300

Log CFU/mL

[§]
T

48 56 64 72

0 8 16 24 32 40
Time (h)
Fig. 2. Growth of L. casei HK-9 culture, measured as viable cell

count (m) and compared with the parallel formation of lactic acid
(A), acetic acid (o), and pH changes (o).

100 4 150

1
1
100
1 2

50

N\ 2 2 2
0_ ————

) () (e)

T ®) ©
Fig. 3. HPLC chromatograms of a mixture of authentic standards
containing lactic acid and acetic acid (a), and of culture samples of
L. casei HK-9 at the beginning (b) and after 24 h (c), 48 h (d), and
72 h of incubation (e); peak 1, lactic acid; peak 2, acetic acid.

% Mobile Phase
mVolts

3.4. 55 WG A FHEA AL

Al HK-92] 34184 A3 plate diffusion assay ¥
W [18]& ol&sle] 55 v edls 17y A}l B.
cereus, L. monocytogenes, S. aureus, MRSA, I8 Al
Ql E. coli, S. enteritidis 5 67F] 2555 7393 A Ao
wF Al7]aL 24417 B9k wioksE 3 paper disc TR0l &
A= FYUUE Fote] IS RIS (Fig. 4).
HK-9°M = SaradS vlasty] feid pHE 4
390, 1 Ay} pHE 7.0°0% 243 v s oM =
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FHU7F AR AT, 2HEA] 92 vl ol
A= 671 7 el A £ 7E FAE AL, o] A
© ARt HK-9 3] Edo] f71hke=2s, A5y
AJAAFE2] AFA ] Bt gy Y= Je®
FRIF T} 2 ArollA] FE]Alet HK-99] vkl 5%
o] ¥o] nj7|7to] A glel whet 7.00]% W 7] pH7F
w55 FhaE o, vioF 1241 = 374 FAIE =],
o= kel Foll Ak o EARS] 7 lhkEo] A= ]
ot} el e] pHE 7.0 0.2 F4shd, wljoklo] A
O 2 Fof shtEo] ARA HE=dl (R A, o=
HK-97} 7FA= 8] QRlo] f7)ikselehs 21& 9lq
ST} HK-9014] Lozl Avp= Al-F2gellx] telst 2ht
Mt Lactobacillus sp. JK-83} fAFSH Ay BT [17].

Fig. 4. Antibacterial activity of 20-fold concentrated culture
supernatants from L. casei HK-9. Paper discs soaked with the
supernatants were placed onto lawn plates of B. cereus (a), E. coli
(b), S. enteritidis (c), S. aureus (d), MRSA (e), L. monocytogenes
(f). All strains grew on nutrient agar plates.

Zaete] e ofe] =S B3l Had vl gl
A, 9, & T daaE, A, e AR U
Y27 FollA EelE kst it AEe] vkt FhlE
SHIANZIAY, 7ol AEA ol A 2] Hoj7]ztef] FQ 5
oJsks: ot [4-7,17,19]. 2 AT-E FallA whde]eA e
% Lactobacillus casei HK-9+= 2a 7|7Vl 7 2gheo] w2}
AFE ghof] Frlslo] it o 2 HE] ZAkolL) olHEAL
A o] whE uke] W3y} tha o] HolsiE e thekst
255 ARIA = tist Stsy o R Aito] 7=
716735 7HE AOE AlmE

35. 4398 5y P2 ol
R M HK-99] &8 sl AEEe 2elaly] 93,
6~14%2] 25122 F3F51= MRS AAH|A| o] HK-9Z )
&k T, MRS A Fehslel PsE Al
o 23120 sl et IAE Aete] = AR A
F.0m, 14% AT-8o] EakE wix|oA = Mk Bk
A okoxet. vbde]olA 2|3t Lactobacillus plantarum ST4
T 10% Vel d3g shelre AEA] Peths 20

e wk Qo [20]. ©]#fdt Ayli= HK-67F A|27H4] &4
A dFE YA T vaste] 52 478 UAdS
Zh= 20 7 ZALE Q=T o) vk 9} e wa
= A zolM EAEH= Zakto] A= EAQ Ao R
A Qlch

2= 929 A% waTEA e AlEY] ovE
wbxul Z7Ado] w9 Zof Al f-5717F olulgt ezt
= Algte] AAA o] WAl 3 7| e2A S
HES 2X]7F Qi) 2 AFE FalA, e 2] Ak Aat
9] ekt 255 Aol et Ao T S84
A7k FAE A eths A4S A = gloH, %
T 152 5 3 Zakte] 7S el st AR
a3 S5 Ml didt 7FsAdS AASkL St

800 -

7000

@
o
IS

wl
o
(S

Survival (X106 CFU/mL)
w B
o o
o o

[N
o
o

=
o
S

0 T T == T T
6 8 10 12 14
Ethyl alcohol (%)

Fig. 5. Survival tests of L. casei HK-9 cells in the different
concentrations of alcohol (%). Data shown represent the mean +
SD based on triplicate studies.

4. 2E

2 AT v oA 28 $t Arkt?l Lactobacillus casei
HK-99] thekst Au)d S S ddS Aks] el
BT o] 55 MRS HiA[elA] #]3ste], BIOLOG
Al22El13} 16S rRNA 71498 o] &5 ARS8 24
OS2 T3, Lactobacillus casei HK-9C. 2 HH3}a1,
GenBank®ll [JQ951606]% 5-=33itt. w7 |3t & AEE,
F71AE A (e, Bk} o EAY), pH W3S ZARIITE
HjF7 17t Foll Zhkat oA EARY] AAteko] Stk Ale
RISk, Akt obEARS] Hulss oF 576 mM
199 mM$.0H, pHi= BllF 72A17F 2 5 7.000114] 3.74%
Hslsloitt. Ahk) of | EALS] Ak HPLCE 113131
th 559 L casei HK-9 2] WIS 255 AKiiE
(1|, Bacillus cereus, Listeria monocytogenes, Staphylococcus
aureus, methicillin-resistant Staphylococcus aureus, Escherichia
coli, Salmonella enteritidis)°ll e}l TA 3t Setehdo] Q)
52 BT L casei HK-92 12% Lol A4t
I Qi Fo=E FRIFQI
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