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Characterization of Probiotic and Functional Properties of
Lactobacillus curvatus ML17, a Mukeunji Starter

Hyo Ju Kiml, Hea Mi Sungl, Hyun-Kyung Shinl, Ki Myong KimZ, and Eun Ju Yang1

"Food Research Institute, Jeonnam Bioindustry Foundation
“Dept. of Food and Nutrition, Honam University

ABSTRACT This study investigated the probiotic and functional characteristics of Mukeunji starter, Lactobacillus
curvatus ML17, isolated from Mukeunji. Lb. curvatus ML17 was confirmed as a safe microorganism due to its non-he-
molytic activity and non-production of harmful B-glucuronidase and B-glucosidase. Tolerance to artificial gastric and
bile juice of Lb. curvatus ML17 was investigated. After incubation in artificial gastric and bile juice, the number
of surviving cells was 1.38 X 10° CFU/mL. According to the results of adhesion assay, this strain also exhibited good
adhesion to Caco-2 cells. Lb. curvatus ML17 showed good antimicrobial activity against food borne pathogens, espe-
cially Micrococcus luteus, Bacillus cereus, Salmonella enterica subsp. enterica, and Pseudomonas aeruginosa. Cell-free
extract of Lb. curvatus ML17 exhibited high levels of DPPH scavenging capacity and inhibitory effects on growth
of AGS human gastric adenocarcinoma cells and HT-29 human colon carcinoma cells. These results suggest that Lb.
curvatus ML17 has potential for application in functional foods.
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JRECES
Ao ALEH FFE F2X A Tﬂ?@ AMgoz 2
AP HFox Bgg ~ete|2A MNL3 Lactobacil-

lus curvatus ML17-& AFE3FATHLLD). 7579 #lgS MRS
broth(Becton, Dickinson and Company, Sparks, MD,
USA)ell A 30°C, 2413t AR wjgFate] AL-&atlom 23]
AciulFe F Agol Agsaict

S8y Y 24 Y =H

Lb. curvatus ML179] B-8&38A4 oJ5 FA}= Sheep blood
agar plate(Hanil Komed Co., Ltd., Sungnam, Korea)°l
TFE streaking 3 & 30°Coll A 48A17F v Fate] oA
Tl &3 ddel 9 J FHgke] A oF-E Ao
W FAANRS 2T O 2 Bacillus cereus KCCM 11204 &
AREsEolth frall a4 B4 548 APL ZYM kit(Bio-
Merieux SA, Marcy I'Etoile, France)& A}-g3te] #H7}s}
A}, 5= suspension medium(BioMerieux SA)el] 5~6
McFarland® B L& 93 & ~E9] 7} FZd 65 nlLy
wFake] 30°Col Al 4A1ZF w3l vk &l
Ac} ZYM B AlekES 247 Wea Wojrmy %
R % J

| Ao} wsh A

I3
o] A= Kobayashl 5(16)9
HCIS AF&3te] pH 2.52 %A% MRS brothell pepsin
(Sigma-Aldrich Co., St. Louis, MO, USA) 1,000 unit/mL
£ H7rste] AREsITt A3 EHES] A= MRS HA A
o] 0.45 ym membrane filter(DISMIC-13CP, Adventec,
Tokyo, Japan)Z o] ¥}% oxgall(Sigma-Aldrich Co.) £}
< 0.3%= H7Vsted AREskSlYl. Lb. curvatus ML17-2
MRS brothell 30°Cell 4] 244]3F w3 5= A4&2(9,950
X g, 15 min, 4°C) 3to] A5 & A7 L 7AH S 3|55
o5 Y R JATHES AATT FsHH 5% Hrlat
Oﬂ‘jr 1F 9 e 37°Cell A 2A12F A gekglon <l

2 37°Col A 24N HEg & BAFE S43ke] 7H7he
A gt ek AT A F 358 F A
A A3EHFS Aes 219 AFAS A A7ksksint
WET O 2 Lactobacillus rhamnosus GG ATCC 53103&
AH&-3t ST
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3 S4E 93 Caco-2 M¥EF+= KCTCEKCTC
HC20001, Korean Collection for Type Culture, Dae-
jeon, Korea)oll A #oFwro} AL-&3}t). Caco-2 cell
10% FBS(fetal bovine serum, Gibco, Rockville, MD,

rfl

USA), 1% penicillin(Gibco), 100 mg/mL streptomycin
(Gibco)©] #7+¥l DMEM(Dulbecco's modified Eagle's
minimal essential medium, Gibco)& A3} 37°C, 5%
COy sloll A vl st sdct. Lb. curvatus ML172 30°Col A
24A17F Bj e & 4 A S 3|4=35o] PBS(phosphate buffer
solution, Gibco)® 23] A2 3 3 DMEM Hj x|l 343}
Caco-2 cellol]l HF3le] 37°Coll A 2A|17F &b vl 5}o]
F2A T AT 58S $18e] PBSE 33] A5k -
A5 2] eFe fAT S AASAL 1% Trlton X- lOO(S1gma—
Aldrich Co.) 200 L& ¥ 1083t wyksk & thA] 800
uLe] PBSE #7tstal. ol & 4“ 0}04 MRS ¥ 2l =] o
LAl 30°Col A 24413F v Fste] s S350t
HZ-8(%)S Caco-2 cellol HES 27] @57l tste] &
tel o] HE = ALttt Al Ml gk F2Hs ol
—’F%}E]—IL EI’_E] Lb. rhamnosus GG ATCC 53103% %
Abgste] H-25& v alskgl.
23
Lb. curvatus ML17% 100 mL MRS brothelA] 30°C,
24 A1 7F w3k & 141 8#-2](9,950% g, 15 min, 4°C) d}¢]
A= dS 3428 3 (0.45 pm membrane filter(Adventec)
2 AR AFg A Eﬁﬂ}_(PVTFDlOR
Iishin Lab Co., Ltd., Dongduchun, Korea) 3+ & 3% 5+
T 20 mLell Fo] 234 B R AMEegith 230 EAS
o] &3 #4g Tl U I L2 disc diffusion
method(17)2 SA3IGITE 54 dFE Ly $87<
Micrococcus luteus ATCC 10240, Enterococcus faeca-—
I1s ATCC 19433, Bacillus cereus KCCM 11204, Listeria
monocytogenes KCTC 40307, Staphylococcus aureus
KCTC 162138 2% 54 Escherichia coli KCTC
12119, Escherichia coli O157 ATCC 43895, Salmonelia
enterica subsp. enterica KCTC 2515, Pseudomonas
aeruginosa ATCC 278538 AM&319t}t. L. monocyto-
genes KCTC 403072 BHI ®¥iA] oA 37°C, 16417 v s}
o] AHg3glal U A T 5+ LB Ao A 37°C, 16
AlZE w ekl Abgakltt. St 84 S8 A dTE
1x10° CFU/plate® =%ato] =8]8k ¥ paper disc(di-
ameter 8 mm, Advantec)E HIA| $o| &HE1 2o

QAR

A5 100 uL "ojmdd 3 37°C, 2417k st &+t

1

==
Ed o AS5AHNE A AFE SAHIAT
sitst 2t =3

Azl 84 =48 Brand-Williams 5(18)¢] i S W

&3sle] DPPH radical 2715 F743te &2ls}3it). et
3l &4 FAHS Y% A8 Lb. curvatus ML17S MRS
brotholl 4 30°C, 24417+ i3k 5 A4182](9,950% g, 15
min, 4°C) &} A5 NS 393 & 0.45 ym membrane fil-
ter=2 o Z3lo] ARESITE A 2T 224 0.1 mg/mL
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ascorbic acidZ Ab&3le] &84S vlwslith A& 0.5 mL
o] 0.1 mM DPPH(1,1-diphenyl-2-picrylhyrazyl, Sigma-
Aldrich Co.) 0.95 mLE E33}te] Hlo] Apdte ez 442
ol A 0% WA ¥ 517 nmell A FHEE FH3 o)
S 2o wg} DPPH radical &7%& AL

DPPH radical A8 H7H %‘3’4—
wAs@ ~UT Aw wa g )10

mlo1:

AME dF AN =0t S
A E Wk HAE AT oA a7 SAHS 9% AGS
1A M FEAGS 21739 human gastric adenocarcinoma
celDeF HT-29 1A A%AAEMHT-29 30038 human
colon carcinoma cell)¥= KCLB(Korean Cell Line Bank,
Seoul, Korea)ol| A FFuto} A3}tk AGSSF HT-29
M E+E 100 units/mL penicillin—streptomycin®} 10%2]
FBS7} g++# RPMI 1640(Gibco)& AH&-3te] 37°C, 5%
COy Zﬁ?ﬂoﬂlﬂ HHo]:o]_o:hjr HHO]:E] 71— o]—/q]_LL-_ oTZoloﬂ
~33] refeeding 3} 6~7¥<rlt} PBSE A3 3 0.05%
trypsin-0.02% EDTA(Gibco)Z2 F-2¥ MEXE #2]3}
dArEe & F A wiFeEA Aol AFEEA
XTT assay: A 24 AxE= XTT assay® =
ot (19). Al 5= A% Lb. curvatus ML17 Bl 52
aitsl @4 54 AP s IR FrEigivh M
¥ zbzhe] 9FA = 48 well plateoll welld 510 cells/
mL7} H %= 0. 5 mL2 seeding 3}3l incubatorol A 244
7F SOt B3 & A& A ASATE A X Lb. curva-
tus ML17 w1 &F %5 o] 10 uL/mL, 20 ul/mL, 40 uL/mL,
80 pL/mL == H7hd WA 0.5 mLE 2H2F A2 sho]
48A17F vieFslA Tt vk ¥ XTT-phenazine metho-
sulfate(PMS) €2(1 mg XTT-10 ug PMS/mL of RPMI
without phenol) 125 uLE #7}38}e] 37°Col A 2417k vk
3t th5 A4 ¥ formazans microplate reader(MQX200R,
BioTek Instruments, Windooski, VT, USA)E A}-&3}o]
450 nmell A FFEE SA5ATh WG EY] AEEE A
57 H7bE A 2 dizTe Oig AoA AEERE &
At e 7+ Ad Aol Ay HlalE Duncan's multiple
range test® /X0.05 oA FolaeS AAsIS U
M E B2 A EE culture dish(100%20 mm, Falcon
Co., Franklin Lakes, NJ, USA)el| 1x10° cells/mL7} ¥ %=
= seeding 3l3 incubatorol] A 24417t B¢ HAA 7] &
Lb. curvatus ML17 W1 735 4-& 80 ul/mL 5%== 7}
3to] 48A17F &<t ket & B3| A (TMS-F, Nikon
Co., Tokyo, Japan)o. & #2314

22t W nE
28y 2 54 Y
A Ao Al AR o2 BHEE B-glucosidase

B-glucuronidased

glucuronic acid 3ES FalSFEE HAA 7= W
T gaw deA g E‘r(20 21) O]% ALEL T3 ol
u

Bl A oo, ‘%’u -f—’r‘j]' a9 B-glucosidase?} B-
| Aoz vebsttH(Table 1).
Lb. curvatus &< FRAFAHNHEFSA) S A% A&
< A% ‘:’] AESHY b HI7HE F3ke] QPS(Qualified
A5 HEFo LgH Arh(24).
Lb. curvatus =& Bq S7HaE9 &4 Bojdts Fa
TFE A ow(25), A7 TaiAAA 2EH 4
F7EE e AAREARZ o] ATh26,27). TS L.
curvatus & X FQ Wa 7F F SUEA] ZEnHo)
QE 2= JdE o] dF &4 2 BN oA Aol tigh
AT A7F B vH28,29). wEbA] E22 oA 2H
Lb. curvatus ML17 @FE AFg A o2 o] &3}7]o bdgh
Ao s Aztert

glucuronidase®] &4do

olZ{el 2 QIZEE XNEM
Lb. curvatus ML179] 235§ X 2u}o] Q€ A o =2 A

Table 1. Hemolytic and enzyme activities of Lb. curvatus ML17

B. cereus" ML17

Hemolysisz) + -

Enzyme activityS)
Control
Alkaline phosphatase
Esterase (C4)
Esterase lipase (C8)
Lipase (C14)
Leucine arylamidase
Valine arylamidase
Crystine arylamidase
Trypsin
a-Chymotrypsin
Acid phosphatase
Naphthol-AS-BI-phosphohydrolase
a-Galactosidase
p-Galactosidase
B-Glucuronidase
a-Glucosidase
B-Glucosidase
N-Acetyl-B-glucosaminidase
a-Mannosidase
a-Fucosidase

SO OO OO DO =P OO WU WO OO —=O

l)Positive control: B. cereus KCCM 11204.

+: positive reaction, —: negative reaction.
Enzyme activity was determined by using color-strength val-
ues: 0, negative control; 1~2, negative reaction; 3, weak pos-
itive reaction; 4~5, strong positive reaction.
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Table 2. Survival of Lb. curvatus ML17 in artificial gastric juice and bile juice

Initial cell

Gastric juice

Bile juice after treated

Bile juice with gastric juice

Strains

Cell number Cell number Survival Cell number  Survival Cell number  Survival

(CFU/mL) (CFU/mL) (%) (CFU/mL) (%) (CFU/mL) (%)
Lb. curvatus ML17  (1.12£0.14)” X 10° (2.95£0.28) X 10"  2.63  (4.3240.92)x 10" 3.86  (1.38+0.06)x10° 12.30
Lb. rhamnosus GG"  (1.16£0.33)xX 10"  (5.25£0.91)x10° 4526  (3.1740.48)x 10° 2.73  (3.5240.26)x10°  3.03

DPositive control. *Values are meantSD (n=3).

2AFH7) 98 A AEAS Felskgich 74
S B3] AW ol AF ZA 199 o =gt

Hbg €] H"‘“} Aol A el A EH H = %‘%Oﬂ o

ol

37°C, 2413+ im 2.95x10" CFU/mL¢] ‘37}—1‘7} &4
5o} 2.63%2] AWEES B H(Table 2). O%%i.‘ K
A& 0.3% oxgallol A 37°C, 24417+ A2l ¥ 4.32x10°
CFU/mLe] A7} SA =] 3.86%2 ALE&S BT
(Table 2). &2 Lb. rhamnosus GG AT N =2
F Z7] 75 Ulv] 45.26%9] =2 AEES YEd oY
AFEE AE Folx 2.73%° AEHS UEhyo] b
curvatus ML179] QIg 5ol gk q&Ade) vl tha ¥
2> AEES YEM Y (Table 2).

Z R0 E e AA Al 915 Fste] el =3

S AEG 5 glojof Bhr}. Tulo] 0E AL Wrlel]
A% in vitro AR AA AT NI dgHFS 2GAE A
ate] in vivo 917 43} AR 20w 5o AEA

H7yshr] 91k A-E50] HaEa dtt. Cebrian 5(30)
Enterococcus faecalis UGRA10< 0.3% HCI(pH 3) &
Mol A 1A1ZF A3 3 0.3% oxgalld] Aoz 23
A3} A= %27] 9.15 log unit CFU/mLeA 4.53 log
unit CFU/mL& 7FA3kelth Park 5(31)2 A X|olA] &2
St Lactobacillus sakei Pribio 655 <189 Nl 1A]7H
A et F AFHFANA AT AP sto] AEES SAHT
A3} 7] 5 Uiv] 79.21%9] 2 AEES YERAT
Lb. curvatus ML17& A3 HlA 2A17F A8 s £ A&
Higoll A 24413 A elste] BEES 543 A3 Table 2
oF o] 12.30%°1 AE&S Heto] sdd AHelA Lo,
rhamnosus GG AEEB.03%) R o =2 o2 e
pra=
Lb. curvatus ML1790] ¢1-g$]
S ARG AT AR ATHEFS
o 52 AEES Uehdigled
Z0A A7 FAEATGIE QA
3 Bale] ZA3 Qo w
Az A FE e fakar
%] YEES VER 7
Agstd JEES 5
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ol A AH a3s vetled 5ol ek A3
Azt e G5kl vk AakAdo] FEeE Fol A
7198 Ul fAabEe 7 f9F o2 Fetha 1

t}. Lb. curvatus ML17L Q13 N3} 95 A%
213k Fol %= 10° CFU/mL ©]4+9] 755 vehd
S 2 AFAY FHE AFE A sl
3 AgS T 5 YS Aow Az

oore R

ENER
b

R
_O|L
10 12 b ¥ B o

U B&s

Ju A2 ZEulo] QY fFTt ZEFolof 3t T4
g ermA AN B3ES SHE HAF 5A F9 el
Lualgls o A F-absol dojol 2 s AR 3
g 4= QIth(34). Caco-2 cellg ©|&3t4 Lb. curvatus

ML173} A tZ27%) Lb. rhamnosus GG 4] H-2+5
& SA% Ay 27) Ak 107, 10° 107 CFU/mL)el
we} Lb. curvatus ML17& 9.71%, 10.07%, 17.31%2] -
255 Yetd e, Lh rhamnosus GGE 18.12%,
19.36%, 20.78%°] H#&S YeElAtHTable 3). Lb.
curvatus ML17& 27] AF 57 BS4% & 1?—7} 5
S Yehfo] Caco-2 celld] A3t GA5E HA7ts
w59 A= FIHethE Lehto9h Salm1nen(35)«]
v A5 YeRAT. fARTY] G AR
ok 7252 Akt o] AE R ETE AXE W 72
o} Ao o4& ke wi= Aoz oA QrH36,37).
3z 7Eo 2 A E ek FzF
g2 A 9 Lol e TS
% dholB® -t At
Ve = Lb. curvatus ML179] 2E8& X 2uH}o|QE o
& F7F4l A7 Hastt

Table 3. Adhesion of Lb. curvatus ML17 to Caco-2 cell in vitro

Strains CFU/mL Adhesion
Initial cell Adhered cell rate (%)

b . (5.66£0.34)” X 10°  (9.840.45) X 10° 17.31+0.25
1\%?; U5 (5.66+0.34)x 10°  (5.7+0.36)X 107 10.07+0.03
(5.66£0.34) X 10" (5.5£0.28) X 10° 9.710.09

Lb. (5.63£0.52) X 10°
rhamnosus (5.63£0.52) X 10°
GG" (5.63+0.52) X 10’

(1.17+0.26) X 10° 20.78+2.73
(1.09+0.13) X 10° 19.36+0.53
(1.02+0.12) X 107 18.12+0.46

Ypositive control.
?Values are mean+SD (n=3).
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Table 4. Antimicrobial activity of Lb. curvatus ML17

Indicator species

Antimicrobial activityl)

Micrococcus luteus ATCC 10240 +++
Enterococcus faecalis ATCC 19433 +
Gram-positive bacteria Bacillus cereus KCCM 11204 +H+
Listeria monocytogenes KCTC 40307 +
Staphylococcus aureus KCTC 1621 ++
Escherichia coli KCTC 12119 ++
Gram-negative bacteria Escherichia coli O157 ATCC 43895 ++
Salmonella enterica subsp. enterica KCTC 2515 +++
Pseudomonas aeruginosa ATCC 27853 +++
])Activity was expressed as the diameter of inhibition zone against each sensitive indicator. —, no inhibition; +, below 14.0 mm;

++, 14.0~16.0 mm; +++, above 16.0 mm.

gt 2y
O FAAI XA 9FS NS E Lb. curvatus
ML179] ?‘%}& 248 SAs Jﬂr BE A w5l o

ATCC 10240, Bacillus cereus KCCM 11204, Salmonelia
enterica subsp. enterica KCTC 2515, Pseudomonas
aeruginosa ATCC 278530l th3l a4 &Alo] 53 Ao
2 YEFSTHTable 4). fAbFE F7]4k 28 pH A 3}9}
A HoOq, CO., diacetyl, bacteriocin 2 t}3h gh 24
E4S AAete] 8l vAES At Aoz deA 9l

Th38). A el fAbre] A B4 2 G 2ol oie
ATFEL Bo o] o3 Qovt HeA fel {47 &
F B0 O AT AF5 wrel @ B 4L

BRI LD, sakei JK-17 w5 & 1719 E3}3ttH(15). Lb.
sakei JK-172 B. cereus, L. monocytogenes, S. enter—
itidis, S. aureus®l| gk & FAo] 43} tH(15). £

AT A¥ g d ~2HERS Yeh= Lb. curvatus
ML172 524 & ¥ g AEe] FHoEN T
NA fFaldTE dAst BEGT IS Y T A
o, Ao FuE AHE B9 Gl FalAdE S o
AR Ego] E Jor Ay A5 It &=
g F7F AFE St AA AFRIEAEA Y] &
3

bl
gi'
r9~'

O

é
3o ob oy
of 2 &

gitst 2 =3

AW HAIEA Fo] WA= superoxide anion, hy-
drogen peroxide, hydroxyl radical®} #Z-& A ikAE A
ol =4" A9 2312 ~EgAE opy|siy ZbE AW S
Z YAl FTH39). webA] Eadhkaol ok 4hslA ~EY)
25 AAE ¢ e FAkstAd digk gafo] EikslA| o] F
oj# a1t fabte SAAZRE AHAS B35 §
3k kS AYE S A2 Aot dE A o, g4
a#a vEaad wHAYSEE Fote] &k digte] W
o @ AAZES SHH(40,41).

Lb. curvatus ML179] @43} &4 =437 935t
DPPHE ©o]&¢ radical 2A%5<S 543 A7 72.88%]

Table 5. Antioxidant activity of the cell-free extract from Lb.
curvatus ML17 on the DPPH free radical

Ascorbic acid”
(0.1 mg/mL)

Lb. curvatus
ML17

DPPH radical scavenging

2)
activity (%) 72.88+0.51

62.57+1.25

Ypositive control.
?Values are meantSD (n=3).

%S YRt Table 5). %A tiZ2+< 0.1 mg/mL
ascorbic acid’7t 62.57%9 2A%& UEl= A3 vlug]

S W Lb. curvatus ML172] &4ts) 514%7} e w2
Qﬂrm*"* e 7 AT F2A Faf fFArEe] kst
ol that B A H2x|oA B3 Lh. sakeiJK—l?Q]
Ak vl 72417 F 53.8% % HAHE oW (15),
Kim 5(14)9] A5 A3 524 & fibrse] 3itst
F44L 38.1~67.3% HWAZ erst)

A =7HA AdE FASIAI 2 okt 3 AR 3§

-

¢

AR EAAE sy o 9orn E3] ad 3aksiAl = &4
< s B4 ogk AN O R 1t A kA
o] Jike] HFA o2 YH L Jri42). i AAS
o] -3t FAT Sl s A U] ENAE AAE
PonR olE HFe AL A H R ]9 7|7} 9l
2 A A5 §3 Lb. curvatus ML17 dF% ﬂoﬂ
AP A A ZA L N Vs AR S FoR Aztdn

AMZE HE Ad St
Lb. curvatus ML179] Wl 45N AGS SIIAE9}
HT-29 A7zl =3t %
th AGS 1A El ek A
10~40 pL/mL %2 A g9 <
o] Kol 31~38%° A&
mL F% 28 A 82.91%9] E& JA&S e tHFig.
D). HT-29 ZAtA e tigt 34 oA avfel A= sl
‘e dE 40 uL/mL o]/de] SRR A0S W oo}
oA Zfol& HolwA 40 uL/mL 5% A A 9% A
& e, 80 pL/mL % A& A 79.35%2] A&

N )
o,
O~
12 4
)
ml
k)

i
oo
ZI-"
ol
o,

to 32

=
}olAl maks W e

[o2
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Fig. 1. Inhibitory effects of the cell-free extract from Lb. curva-
tus ML17 on the growth of AGS and HT-29 cells. Cells were
exposed to different concentration of the cell-free extract for
48 hr and then cell viability was assessed by XTT assay. The
values were calculated as a relative percentage of cell viability
of the control cells. Values are meantSD (n=3). Different letters
above the bar indicate statistically significant differences by
Duncan's multiple range test (P<0.05).
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Fig. 2. Photomicrographs (X 100) of AGS and HT-29 cells treat-
ed with the cell-free extract from Lb. curvatus ML17. A: AGS

cells (control), B: treated AGS cells, C: HT-29 cells (control),
D: treated HT-29 cells.
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