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Characterization of Lactobacillus paracasei JSRL18-60 with probiotic
properties as a starter in manufacturing fermented milk

Su-Ji Jeong, Hee-Jong Yang, Myeong Seon Ryu, Ji Won Seo, Do-Youn Jeong*
Microbial Institute for Fermentation Industry (MIFI), Sunchang 56048, Korea
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Abstract

In this study, eighty-eight lactic acid bacteria (LAB) were isolated from Korean traditional fermented foods for
use as yogurt. Among the isolates, thirteen LAB strains with curd formation ability were selected. Among these,
five LAB strains exhibited notable antibacterial activity against pathogens, such as Bacillus cereus, Staphylococcus
aureus, and Listeria ivanovii. JSRL18-60 strain showed superior probiotic properties, such as high adhesion capacity
to Caco-2 colorectal adenocarcinoma cells, and tolerance to low pH, temperature, and condition of the bile. Based
on these results, JSRL18-60 strain was selected for further evaluation and identified by 16S rRNA sequencing as
Lactobacillus paracasei. The maximum growth of L. paracasei JSRL18-60 was determined after 30 h of fermentation
by measuring the optical density (1.74), viable cell number (9.61 log CFU/mL), and dried cell weight (2.30 g/L).
Finally, we manufactured fermented milk using skimmed milk and L. paracasei JSRL18-60, and the optimal pH
condition (pH 4.48) of the fermented milk was reached within 21 h of fermentation. Moreover, the log of the total
cell count of L. paracasei JSRL18-60 was retained for at least 10 days at 9.48-9.36 log CFU/mL. The pH and
acidity levels of the fermented milk containing L. paracasei JSRL18-60 were changed from pH 4.48 and 0.89%
to pH 4.38 and 0.98%, respectively, in 10 days. These findings suggested that L. paracasei JSRL18-60 could be
used as a starter for producing fermented milk with probiotic properties.

Key words : fermented milk, lactic acid bacteria, Lactobacillus paracasei, mucosal adhesive capacity, probiotic
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[©)

oZA o] Azt Aol A 2T & UcHLim 5,

Tafe S5 IF 359 45 9 49 golid<
71 Qo] 7] 28 Al QA 17l 3AARI FFE R
7353 AlFo = vy EFA o] ool At Q=
Aoz dHA Urh(Lee 5, 1999). FER= FAktolH &
HE olgsto] i B FRES YAt AR V&
o FE2 24 BES Brom 43} grovt, A mav)
02820 53 7|50 dhet B4le] B7ke] e 7]
SHE A Bag AF A4l FEL YrkKim 5,
2019). £3] LEHE meijolQEAS Aol 47 vz
% Qe A Beom Bgol 4sto] A AAHoR 4
#1go] il A4 Z7HHaL Gk A1, A7 217e] 30%
e FAdom PHRL g Aow Hudn
(Kim¥} Chung, 2017).

A A A Alete] A=z AU Hold 7, &
A 482 sk HYIFEERY] 2], tiM2A 59 ¥
AAES 2t Qlof REES A, 53 9 F5ohk=
S8% 7154 ASE FHSHL lth(Han 5, 2008). LHHA
o= A9 7159 ¥ake Aol EAsks F-8<tt #-30
ol oJsf =, o] EE= A0 f3 849l
Al 9 A7dEel wet o2, 53] A Adeol wt
ZY v ABE 7 (microbiota)?] B3 (dysbiosis)o] TAYS}
7| Stk Bt RE nAE IR R ZEHPRIQEHA 4
F Al B 9 oHgslof a3t Qle A= BreA|HA, &
aujolQElasl Bl T4 Aol F folg Tkl
et AB|Rke] 4ol EoFA|al UTK(Choi, 2019).

nZulo| AL ZALS AJASI= SAhH(lactic acid
bacteria, LAB)2. & & 74700l $2 T2 = Aol v
AES 3 ZRRo| Y AE &0 AR A5, AU
Frofte] S Alste] et Bi¥ &5l =22 5
(Lim &, 2015), o}=x] mjEgx} -2yl HARRS 71
A3 Won -5, 2011), IH|9F §37HCano 5, 2012), A& &
Aol vk 244 3 (Frossard 5, 2007), RFENE A%
(Yoon, 2009), T 7HAl(Verma 5, 2018), F(Sivan 5,
2015) 5 AIA] Hihol] £2& Fi Teet 4ol LeiA
ek, ek, woeQ) manlol oAz AMGE] St St
29 242 A% 9] Tl vie Faes A4 8 BE
Ao T Vo] SIIL, SHo] A4 7Ksslof s, A 3
253} vjAge] glofok Frekkim 5: 2009). A1ElRERIA
Zof| 5250 A= TAY mZulo|QEAL Lactobacillus,
Lactococcus, Enterococcus, Streptococcus 2 Bifidobacterium
& DPER oF o83 WA, AA7ISAE, A ooF
5, o= AEE IE 9= 9 Al AMRE HIRSE ofo]

2

AT, B8, AR TR 5 TP Holol Aol Mg
w51 9. SiolA] AMSEIL Gl W FRL thREe o
B2 A 71%0] ZA I Y ST 70% ol 54
| o8, 219 AAo] wA glot Eaprt nlejsHAL,
HALE SR 59) FaHgo] WA 4 glo] B9l 7
Y3t mRulo] Q8L A4 o] FolHThE @ 7HL A%
o]t Ann, 2011).

wepd, £ Ao o) $Y FHe AT 5
S LG ARG At A4 AL BEE AR
FORVE WAG Azo] B8 7K FAELS B ©
WS A 43 g RES 5 mevolss BHe %
Aste] xazlol 9Bl 2AzAe] 7K S ARSI
2ol ohjel, HEHoR Aus fakEY] WAS AXE B
o wag Az seEEAe B8 K-S A,

xC,
Ir

R

N

o

ERIETE
QAT Ha| Y M
FEG AEER B8] T SAF TR 24 FRE
_(H

el
AR o9 A4 9 AZS S3sto] ARSI
1 g& Fsto] EaH 0.85% NaCl
24 9 mLo|] &4 345t & 100 uLE Lactobacilli MRS
agar(Difco™, Miami, FL, USA) Hjx]of| Z=d5}al, 37T ofA]
24A17F vioFstoith. n|gEC] FEje ZjolE ol8sto] 12k
#FE Adotgon, 2k Eajs= 12% skim milke]] 3
oL, 40T ONA 24417 “E3F ¥Rt & pH 4.5 olst ¥ &
I A BRIl 455 242 Adelginh A 45 o
Toll ARgsE7] fi5te] -80T oA Kt & ARESIIT.

AE Rl WM o430 st e 2
Al o138

AE Rl B vdEol et Rt B/ Salmonella
typhimurium UK1 KCTC1926, Escherichia coli ATCC10798,
Bacillus cereus KCTC1661, Shigella sonnei KCTC2518,
Staphylococcus  aureus KCCM11593, Listeria  ivannoill
KCTC3444 5 % 639) 952 Wit 3 vleolo] 39
£ &45t0] 4% (0D 660 nm, 0.4)Z 0.8% soft agar
plateZ A| %5}k, well diffusion H(Lee 5, 2009)0.& =34
STk B B4 282 9% BeFt MRS(Difo™) o
ARl HEste] 37TolA 24417t B9 A wiS™t &
13,000 rpmO = 1087t AR F J5HS FI5to]
0.45 pum membrane filter(Sartorius, Frankfurt, Germany)=
AR B2 WF 45 100 uLE A7) FF BY
=74 HiRlel Bt F 30TolA 24413 Bt sl A4
= @] 3700 et g B §7E St
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APl ZYMS 0|88t s48Y XA

T ALt 0] 24 @S AR s) APL ZYM
kit(bioMerieux Co., Marcy-I’Etoile, France)E ARE5}o]
alkalinephosphatase @] 187}A] &40 st A4S =751
o} 5 AL 755 MRS 124 HiR|o|A wiefsto] FA1E
3leestal, Fatseoll 33] AlASH & ol dEsto] Al
£ &Hlolgct d=EY 500 uLE 5 mL suspension medium
o] £oj& & 5-6 Mcfarland(bioMerieux Co. )% BIEE 24
sigith g9=s 2% dHAS ZYM kit ZF F-E HE
SHaL, 37COA 4AZE iRt & 2 B4 S &SiE
L= ZYM A, B A[9RE Z719) &) g H=4] Eof
=2 5EZF RS & AZ0] HolE THEslo] 84 84 A
£ AT MQ] Wt Akof wet 057129 IR H
Aletlom, 02 SAJHES, 5(=40 nmoles)= Xt 7= o] wt
Z¥7} 30, 20, 10, 5 nmoles®] Z717HS LFER
™, 3 oY BF FHoE WSSt

olo

o

K

+

rlo
N, r
N o

Mt #39| 3 2 phylogenetic tree 24

2& A 73 JSRLIS-602] 16S rRNA F714Y EAS
951o] universal Tato]HQl 27F(5'-AGAGTTTGATCCTG
GCTCAG-3"2} 1492R(5'-GGTTACCTTGTTACGACTT-3")
= ARt RS S5 & 555 PCR ARE2 QlAquick
PCR purification kit(QIAGEN, Valencia, CA, USA)E A&
sto] AASkL @Rt EAe] ogsto] H7IAE= siEstA
tHDe Lillo 5, 2006). ¥7]4<¥9] chromatogram= ©]-8-5}
o] gap X|ASFeE T National Center for Biotechnology
Information(NCBI)olA] A1g9] AR &7} =& HE 439
16S rRNA 847} 714D SHsla, o]E 083 AL
£ Zoigict AE ATEY E42 MEGA 7.0.26
program AR§510] EA1519] 01, Tamura-Nei o] 7]%3t
Maximum Likelihood ®(Tamura®} Nei, 1993)°0.2 E4
TSI, ARESE Z420] AlgrollA ZF 240 iRt SAIst
2 AFeg 2HE5h] 94519 bootstrap H41E 1,0008] HHE-
AdPste] ATLEY] ANGE sttt
LHES, s & S

AdE #39] YgSEAL Oxgall(Difco™) 0, 0.1, 0.3, 0.5,
L0%(wiv)E Z7Fsto] AZ3 MRS HAElR|of HEs}a,
37CONA 3AZE HigRtE & Z420] AR E dlgsto] s
SASHAE AEEE 27 ol Hlste] WEs4dS 871
stgich. Uabe] &AL pH 2.0, 3.0, 4.0, 5.0(n 0.IN
HCI(Sigma-Aldrich, St. Louis, MA, USA)Z %43t MRS
BAERR ] HF6kaL, 37CNA 3ARE Bt & Wesdt
U o2 o] AEES ARSI, Gofl et /P84

=
ng
0x

EM M
= =

Hr

= MRS HAHIR]o]| F2F & 30T, 40T, 50T, 60T, 80T 2]
Z21004 1027F A2zt o|Fof &3 vE 5 Alsto]
S dslISiH:

Z MuNE 235 23

A #0 F AuAE R A RFefows
E| Caco2 A|EZE o} Eom 5{(2015)2] ®Hof wet =
Ao} Caco2 A|EE 24-well tissue culture plate(SPL
Life Sciences Co., Ltd., Pocheon, Korea)©]| 2x10° cell/well
o] HEE 37C 7] g AIoIA 24417} vhOFSIGTE 212t
9] A 45 multiplicity of infection(MOI) 109] 5L =
Aglsto] 4587 FHAIZ] 3 PBS buffer(Sigma-Aldrich) =
33] MFsIHe™, 200 ule] 0.1% triton X-100(Sigma-
Aldrich)& AZI5}o] Caco2 MmO el 3L Biota,
MRS(Difeo™) TA] #l0] E2 T Aars Aot ol
Alof Hidsto] AFEsIRH:

Adhesion (%) = (Viable cell/Initial cell count) x 100

A 4% 24

wjgf A)7lo] mE gakpe] A% AR 2ARE] 9
MRS broth(Difco™)o] 5% @52 FHZ3lo] 37C shaking
incubator(Vision Scientific Co., Ltd.)o|A 60A]7F 52t 150
rpmOE Mg ket & AxX FAFHDCW, dried cell
weight) ¥ SFE(0Dew)E S 3AIZE A2 = Hj
FHS 3]sl Ao ARSI oH, At S8 Wil
A 1 mLE 0.85% NaCl € 9 mLo] GAEE 3|43t &
BIMH 100 uLE MRS 114 iAo TEsto] SA5I1L,
A% A v 10 mLE 18,000 xgof|A] 3027 LA
EE3 & e SRR 33 AlFsto] 80ToA ol &
T w7HA] AxeE & 11 FAE SACIRY 8= I
SF HIFH 1 mLE 18,000 xgol| A 3027t Yplwelet & &
T SHTE 33 AFStL, 1 mLo] AFE-FSI] UV/VIS
spectrophotometer(SPECORD200, Analytik Jena, Jena,
Germany)E ©-85t] 600 nmo|A FF=E SHSHITh

HY #FE 0|88t 2 EEQ A=

ke 5= MRS broth(Difco ™8 Z]ofl HE5te] 37C
shaking incubator(Vision Scientific Co., Ltd.)o]A 24A]7t &
OF 150 rpmO. 2 A& ujoFst & 18,000 xgol|A] 3057+ ¥4
2E5to] AT AA & Bt SHTE 33 AlFsto] A
£ Ieollal, Bt 5575 1| mLo] ARRske] 12% S
R HHAEST, Seoul Dairy Co., Seoul, Korea)o] &3t
T 40TofA 3AZF A 02 60A17I7HA] i FsHHA] pH, AF
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T, FASE 243190} pHE 10 mLo] A|RS ZJ3lo] pH
meter(S220-Bio, Mettler Toledo, Schwerzenbach, Switzerland)
2, ARAe = =9=ko] A]F0f 0.1 N NaOH(factor=1.001)
£ pH7} 8.30] B W7bA A3 NaOH S| Anjere 3
ALog PMISET, 38] W2 Z4sto] Brghow vehiel
oh A 2L WE F 37 0% 2 AR | mLE
nAAog 3t 5 ddd 0.85% NaCH&H 9 mLoj] T+
545t & 3]4H 100 uLE MRS agar(Difco™) HfZ]of =2
Sk, 37ColA 60417 Higste] F4JE colonyE AI&S
mL% colony forming unit(CFU)Z WERH AT}

FSAE 455 oldoto] AxT YR B4 Bk
glotn|iike S7g5le] EA6IGIH. WA
Fg 2 f7KE AL dErt SR AlEE 13,000 rpmo]]
A 1087 YAE=E]5)aL, 0.45 pum syringe filter(Sartorius) %=
oj7}5t & HPLC(Agilent 1200 series, Agilent Technologies,
Santa Clara, CA, USA)S 0|83t 43519t B4 9
3t column Aminex HPX-87H(300x7.8 mm, Bio-RAD,
Hercules, CA, USA)E AR85lo] 24519 0m, o]EAL 5
mM sulfuric acid(Sigma-Aldrich), 42 0.6 mL/min, 3
7]+ DAD detector 210 nm(Agilent Technologies)?} RID
detector(Agilent Technologies)S ©]-&5}0] FA| E4I51%tt.
T3t Sejotu| At B2 ohm) AR B4 7)(L-8900, Hitachi
High-Technologies, Tokyo, Japan)g ©]-&5}o] &%3l%H O
™, 3Rt ZF Al&E 3,000 rpmoflA 1023t A2k,
4CoA 1AIRE §EGAIZ] & 13,000 rpmof| A 1027 AR
212 XSS AFSY 500 plol 500 pLe] 0.02 N
HCI(Sigma-Aldrichy& Z7F5lal 0.45 um syringe filter
(Sartorius) 2 o}3Het T 240 ARgBROw, 7]7] B =
AL Jeong S(014)2] o] T2} BT, fRTEE
B9 A0S AgSIe] 2gsigion, 25 Fret 48
#59ke] H S 98] LGGE H|Y #FE o]}k

o
°
4
N
2
Jo

Meb #FE 0|23t 2AEEQ9| &AM 2ol

QFEE AZE 3] A #5= MRS broth(Difeo ™)l
o] AZ5}] 37C shaking incubator(Vision Scientific Co.,
Ltd.)o|A 30A17F 52t 150 rpmC. 2 2 uljost & 18,000
<o 3087 YURTI0] 39 A T EE ER
33] Aj&sto] HAIE ol Bt 575 1 mLof A5
ot 12% Bt T ©A]5(Seoul Dairy Co.)o] s}
40TOof|A] 4847 HjoFste] QLEES A|XsIGih Al2H
QFEES] ARG AIs7] al 4Tol 1097 Aol

A A A7) pH, A, ARl W Sl

SHAZ

EAAE = SPSS EA = 1=(SPSS 12.0, SPSS Inc.,
Chicago, IL, USA)S ©0]85}2] ANOVA(analysis of variance)
test ¥ Duncan’s multiple range testS AA|oto] Ailo] B4
4 9914 shushrk

kd

2

#at o 13

= =

s WM oldSol cHst e
AR lactic acidU acetic acid 5 7771
Ak Agsto] Al mighRt A /g ARl Staphylococeus,
Salmonella 5° thet @4 B HAS qAsto] HAtet -2
% TS ofHatel, 470 we] Aage Aol ielo]
thet AR FHAIRITHL SR 1L Qlck(Herich®} Levkut,
2002). A, S ARE I FAKE LS o) et
B Y7ol 74 L A2 2EL Yol W ST
T Ak A Bjot R FefEe) Aol of
B3lo] 1 8550 952 Rl 14 Hele 5 A=
B4 58 9 2a F pH 45 oJsl]l 1359 55 AIE5IH
o, % 499 Bacillus cereus, Staphylococcus aureus,
Listeria ivanovii 2} 13 24421 Salmonella typhimurium,
Escherichia coli, Shigella sonnei 5 652 A& 33| A4
n)gEo] ek 243 S7gsiSick 11 A3, JSRLIT-
4, 17-62, 18-7, 18-35, 18-60 5 5=9] B3V} I3FAd )
T3R50l Aglol Al Rl B ndE 63l Higt
Tt B2 BT e A 0= gRlElon, 53] JSRLIS-
60°] 7P 958k S HARt AZ SRIsH}ItH(Table
1). AR f714L Rkt 4, dE|E 4l 59 23 thAt
A st fofet o E51 e Rl rES Ak
Skl HATsky Qlow(Kaur 5, 2002), AETaAE F

Aol 93l E. coli, Salmonella subsp.2] 473 JA|sIct
£ Hil(Park 5, 2013)2He RAKRE AXHE UEhdS E1lst
of, I Iaf AFE o|Qox A E= ZEHO|QE
A A 5 TRt 2ol E8o] 7hsd A oE wrhEh

l>‘ J||'|'|

-
K
0

HerZ LA

[=N=F) —
FAkto] RIS UEZ] A= A
Al Ale] o] pH 27191 fliht} 159] @5o] EA5k=
ol A 4= Sle 8= AIHoF gttt webA J5ol
gk AadS FH% 29 A o 58 BF AW HE
E5(0.3%)HTE =2 0.5% oAt oxgall RANAE oF
80% oYY =2 BEES 2= AZ IS HFig. 1A).
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Table 1. Comparison of antibacterial activity for selected strains

151

Test contents” (Size of clear zone, mm)

Selected strains Origin
A B C D E F

JSRL17-4 10 11 8 11 10 9 Jeotgal

JSRL17-62 11 8 10 8 11 8 Jeotgal

JSRL18-7 12 10 10 8 11 8 Kimchi

JSRL18-35 9 8 8 11 12 10 Kimchi

JSRL18-60 15 12 15 15 14 12 Kimchi

YA, Salmonella typhimurium UK1 KCTC1926; B, Escherichia coli ATCC10798; C, Bacillus cereus KCTC1661; D, Shigella sonnei KCTC2518;

E, Staphylococcus aureus KCCM11593; F, Listeria ivanovii KCTC3444.

A) 10

@)1
8

4
2
0

8

Survived cell (log CFU/mL)

Survived cell (log CFU/mL)

©) 10

8 R -

6
4
2
0

Survived cell (log CFU/mL)

JSRL17-4 JSRL17-62 JSRLIS-7 JSRLIS-35 JSRLIS-60 LGG

. Contol [ Oxgal0.1% I Ogal 0.3% Orgal05% NN Osel 10%

“ontrol pHSO

Fig. 1. Probiotic potential characterization of selected strains.

JSRL174 JSRL17-62 JSRLI8-7 JSRLI8-35 JSRLI8-60 LGG

6+
r |
0

C

-

JSRLI74  JSRLI762 JSRLIS-T JSRLI$-35 JSRLIS6)  LGG

pH30 - 20 [ s [ e - sec e -

A, bile salts tolerance of selected strains; B, pH tolerance of selected strains; C, heat stability of selected strains.

Data are expressed as the mean+SD of triplicate determinations.

E5|, A 5 L. rhamnosus GG(LGG)} v]wstol: A
2% 5% W% 2 Ao]s} glo] RANT IS YeUL 5
QI5tHtHFig. 1A). LactobacillusS E9F W2 £0] [AMt
oflA FHEAY 7RSI RAE A/dste] EEAks 7l
Skal JARRE-S ZHAA]7|™(Seol} Lee, 2007),
Al B3t Lactobacillus 0] F5AM00 FHold QFd4
I k= Z¥H(Choi 5, 2014)2tE YRS SIS 4
o} 4 27do] oigt S gl AaofAl= pH 3.0,
10, 0= BE B/} el 7] 59 0t SAR
2T ZAR A2 Selsigion], B3] 9410 pHot S}
gt pH 2.0914 LGGE APE5HA] Eolke 235 Hlou,
JSRLI18-72 37.84%, JSRLI18-35= 40.42%, JSRLI18-60-2
s043%2 Aol chet Aol he S4Te HlskaTt
(Fig. 1B). QubH02 §40 A1) WML oFstch o
A o, L. paracasei DF-= WidE AL U=l
HE|Oom(Shin 5, 2017), A 58 5% Wibdnt
o] 9T Belsto] ol Pl S5 RN
9] ARol= HEAE e S AY ok B
ot AX|sk= IS SRIsHTK Shin 5, 1999). YRHA 0

B2 fANFY] A9 ol tigt B E3E vl 583 a4
% Stua APat 9 AASE F7oNA spray dring = FiE
3} Al 50-80C 2] & $HF) keEEHWA 7t 549
Haskes A7 8 Hot T A 455 e
2 Foj| thgt P HEYS S7dcke HEd AlolA
T 5%0] A #5 BF 80T 9 RANAE 90% oite] =
< AEEE LGGEY Blalstolk #o|7} Qe SRlskyitt
(Fig. 10). o5& &3l HAY Az 73 fAkte] 14, A
59 A7 2AstolA sl ot ST JES
7Fs/d0] &7] wiEoll kAl At 559 fANE 3t W,
AL, HEgo] B 943t A0 2 AtgEch

A NZE B2s

P Al F2ee ehit 955 sdelo] 25 54 &
A Aol F2psto] a2 WRsh] A Zolop & 2
HIO| QE|A0] Fa3F 34 F Spolr). mebd A 52
U A F2s2 24517] flste] Al &4 iAot
T2 FHZ FAHE Caco2 AZE AMESIFL, dRT=
it oz AR dFE AREE LGGE °183IAH 27
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&« oi¥l 559 A9E 5 5 JSRL17-4, JSRLIS-7,
JSRL18-602 t2+?1 LGG(15.3%)%}t H]wsto] -F-AREAL
2 B8-S UERYG o, E5] JSRLIS-602 29.7%= 7+
A w2 A Al oigt Fakes veh lth(Fig. 2). 4
A #3290 LGGY Caco2 A F2F50] 18.12%= HILE Il
AOY(Kim 5, 2014) 3 At} Hlwslol Hi2+<9 LGG
o] B3} GARE AL BRISIOH, L curvarus
ML179] 9.71%(Kim 5, 2014), L. sakei AJ29 22.5%, P.
halophilus AJ22 18.6%, P. pentosaceus AJ35 15.1%(Choi
5> 2014)9] Ao} H|w st = JSRLIS-600] T 93t Al
E B389 243 9lo] mzujolQElamA] HAA A &
3 Mo 2A B2 € 5 S AeE AlmErh wEhA,
Aoz oA AES 5T fAket T WiE, Ut % HiE
7ol digt /el =otal, Caco2 Al tieh F&Hs
7P fpdte] Zzupo| e A =] BE Wt ¥
JSRLI8-60 o5 Taf{ Aol B8 = Q= 2T o+

35

30
25

20

| Amm i

JSRL17-4 JSRL17-62 JSRL18-7 JSRL18-35 JSRL18-60 LGG

Caco2 cell adhesion (%)

Fig. 2. Adhesion ability of selected strains to Caco2 cell.

Data are expressed as the meantSD of triplicate determinations.

& Agsteh
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APl ZYME 0|8

ZZHPO| QAL M 28 X # F B AAE of Rz v
9 F83% AFE F stolch wEpA 2 AolA 2t
JSRL18-600] o]t favof thgt B3 ZH=A1E ERIsH ]
QI8 API ZYM kitZ o] 85lo] 243519tk 71 AIK Table 2)
Ao tst 7 Bl §491 esterase 2 esterase lipase©]|
gt &AL Zk1 d9lon, leucine arylamidase, valine
arylamidase, o-glucosidase®] A E =2 E/44S YERY
Aot E35] 532 glucose®} galactose® HIA7 1= 1T =
38491 B-galactosidase E/o] RlF] w} FAIES] #
< A8k 9 ESl tie BRlE Bt 5 = A
& SRRIE|QIT}. ERL, Q1A W benzopyrene 22 5/ 42
U A B 282 dgAle a4 Ei(Cole 5,
1989)% B-glucuronidase®] thajA= SAJS HolR| o} &
& a4 AT foied A8 A A SHoM T
(o]

95T TR

b EASIM

I

= vl A 71429 alignment 240 A}
85} parameter @ option?] FES protein weight matrix 2
Gonnet seriesE AR2513 .9, gap opening 15, gap extension
6.66, delay transition weight2 0.5% A5}, gap penalty

Table 2. Enzyme production profiles by API AYM kit for L. paracasei JSRL18-60

Enzymes JSRL18-60 Enzymes JSRL18-60
Control D Acid phosphatase -
Alkaline phospatase - Naphthol-AS-BI-phosphohydrolase +
Esterase (C4) + o-Galactosidase -
Esterase lipase (C8) + B-Galactosidase +
Lipase (C14) - B-Glucuronidase -
Leucine arylamidase -+ a-Glucosidase -
Valine arylamidase -+ B-Glucosidase -

Cystine arylamidase -
Trypsin -
a-Chymotrypsin -

N-Acetyl-B-glucosaminidase -
a-Mannosidase -

a-Fucosidase -

Unegative effect.
Ipositive effect.
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5, K-tuple size 2, top diagonals 4, window size 4% 475}
of APstgict. 1 Ay}, 2F A3 JSRLIS-60= Lacto-
bacillus parcasei JCM8130(AP012541), R094(NR025880)2}
99.0%9] FAMd= UEIUHRAH. 16S rRNA {44 7|4 F
< EY|& Maximum Likelihood methodZ A8-5}] phylo-
genetic treeE ZHAJ5IIA(Fig. 3), Al559] Al SHE
3] bootstrap 412 1,0003] AAJSH] AFAS TAH
o} FFA 08 LZHP|QEA A= 0] &g 7ol
St JSRL18-60 5= Lactobacillus paracasei JSRL18-60%
HEslAY, SHHAPERZAE(KCCM, Korean Cultrure
Center of Microorganisms) Lactobacillus paracasei KCCM
12770P=2 7|&5}9iTt

FA MR ZA

JSRLIS-60 52] v} A1bo] W& #7] 4442 ZAlet
7] 91 HAEfA| ol FHE3te] 60A17F B2t HiFsE o, 3

AR A0 2wl Blpdte] HiQF Al THE F3E,
Az dAF % Adaeg S5 94 e S8
HF Ao e S35, A dAIF % AdE Bl &
At 23}, 54 8900l wet AjolE HolA] ofal FARE Al
E PPE How, i 9AIRIONA 30AIR7IA] AT B

jus)

Lactobacillus plantarum NBRC 158917 (NR113338)

82 | Lactobacillus plantarum JCM 11497 (NR115605)

Lactobacillus pentosus 124-2 T (NR029133)

Lactobacillus paraplantarum DSM 10667 T (NR025447)

Lactobacillus fabifermentans LMG 24284 T (NR042676)

Lactobacillus fabifermentans DSM 21115 T (NR113339)

Lactobacillus parabrevis LMG 11984 T (NR042456)

99 Lacrobacillus brevis ATCC 14869 T (NR044704)
Pediococcus pentosaceus DSM 20336 T (AJ305321)

100r Lactobacillus rhamnosus NBRC 3425 T(NR 113332)

Lactobacillus casei subsp. casei ATCC 393 T (AP012544)

Lactobacillus casei NBRC 15883 T (NR113333)

Lactobacillus paracasei subsp. paracasei JCM 8130 T (AP012541)

JSRL18-60

Lactobacillus paracasei R094 T (NR025880)

Lactobacillus curvatus DSM 20019 T (NR042437)

Lactobacillus curvatus NBRC 15884 T (NR113334)

Lactobacillus sakei subsp. carnosus CCUG 31331 T (NR104208)

Lactobacillus sakei DSM 20017 T (NR042443)

86| [ actobacillus sakei NBRC 15893 T (NR113821)
Enterococcus faecium LMG 11423 T (AJ301830)
|_7 Leuconostoc mesenteroides NCFB 529 T (AB023244)
100 Weissella cibaria LMG 17699 T (AJ295989)

—
0.020

60,

63,

95

9

100

Fig. 3. Phylogenetic tree based on nearly complete 16S rRNA gene
sequence for JSRL18-60.

All sequences used here were from lactic acid bacteria type strain.
Lactobacillus species and other related lactic acid bacteria, based on
16S rRNA sequences. GenBank accession numbers are given in
parentheses. The branching pattern was generated by the neighbor-
joining method. Bootstrap values are expressed as percentages of 1,000
replicates.

L ® FAske t71E UEMISITE HISF 33417t o] Sol=
oA A Herb JA; =AY V%M 36A17t o] % 57|
719l S°13kth(Fig. 4). JSRL18-60 w-= B 3047t A
< 9.61 log CFU/mL, S33% 1.74(0OD 600 nm)2} AZ
A 2.30 L2 7F =2 A 4732 Eo JSRLIS-60
0] oA 4873 A vl Al dig7lolA AAE =
o]7k= 30417k 2 AASHITE Park 5(2014)0] wWEH L
paracasei LS-27} W& F 24A1740] o A A4S Hel
AR AJolst, ol 27] 5 HEF 9 i 249
Alo| = IRt A0 E WA=, oA7A| L. paracasei®] <A
AT TEE A RS ARoE, e uiA] AR 2
HioF 24 5o gt 71 75 B9l 24 202 EHE
BAF AU AR E A|A”S RS, HARE A=
g3t 9oz O*Ei A L. paracasei w5+(Kalantzopulos,
1997)9] A SHoA 9] &8 7S HEH S/ =

A7 2 ﬁ_i AtEE
dE FFE 0|8S YaR YWEEY 24
Kristo 52003 E0-0] U ¥ x%oﬂxi QAo 24
2 9] FE% T 1BES & FUE o1& =l w2t A}
oS Holu, Yol BE L Zﬁ% AL A
2 AT BESE pHE o1 Al FoldlE A
< Zena EJJ} Gt wheta, S HF JSRL1S-60
O A AXE 9Tt AEtEEAC] UE ZEHC’ B3]
7] ffste] HHOTFOHO 12% Fat Y EAfol HE

40ToA 3AIZF 7HE o= 60/\]7}77};(] uHgsPEA pH, At
T g B4 HIE 76 thFig. 5). pH Hak= U8
%7] pH 6.30= AJz}sto] W7t Mol wet pH7t 324
3] WolA ¥hg F8 AIF<Q 60417l pH 4.082 HobHo.
o, A A 9E 27 027%E AZsle] 1E 8 A

o N

25

2.0

1.0

Absorbance 600nm

Total Cell Count (logq 9 CFU/mL)
Dried Cell Weight (g/L)

0.0

0 10 20 30 40 50 60
Time (h)

Fig. 4. The time course profile for cell growth of JSRL18-60.

Time course profiles of absorbance, total cell counts (CFU/mL), and
dried cell weight for JSRL18-60 cultivated in MRS medium (as basal
medium) at 150 rpm, 37C (A, total cell counts; O, absorbance 600
nm; W, dried cell weight).
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Fig. 5. The time course profile for yogurt fermented with JSRL18-60.

Time course profiles of total cell counts (CFU/mL), pH, and titratable
acidity for JSRL18-60 cultivated in 12% skimmed milk at 60 h, 37C
(A, total cell counts; O, pH W, titratable acidity).

791 60AI7Hl1= 1.30%E 9F 21% 2718t AL EHRIsIILY.
QANFO] A BIsk= Whg %7 7.65 log CFU/MLE A&+
Sto] 2hg 6AZIOfA 15A1E Alelo]l tie7|E BRI, 15A17F
ojFoll= ket S7HIE FotEo] R 18A1I71A] 9.99 log
CFUmMLE 7P =& w4 432 ERIsiginh dvd o=
g9 ) SARF 4= 107-10° CFU/mML ©]AHKFIA, 2002),
pHE 4.0-4.5(MinZ} Chung, 2016), 274 AHr= 0.85-1.20%
(Rasic®} Kurmann, 1978) 5-9] A9} v 5}H JSRLIS-60
o2 AZSH g s= g & oF 2141710 9.94 log CFU/mL,
pH 4.48, 274 4% 0.89%= S 270 S5t A= &
Qs XE HERE AR 240F sk

48 Az Al AMgEE DEblo] 9 EAL Qb
33t 71s g eRt o), R RoMe 5 Y olel=
4 B4 L2 71e4] S0 a=ofof shH, daf

o] P B 72 UE T 5 Akl o) A
9714, ofuliAl 9 Ak o ofsh 29k Beshkova
5, 1998). webA 2E AE3E JSRL18-60= ©]-8-51 214
LA F BT SN D e RS Selsle
, Z3}= Table 30 Y v} At Citric acid2] -9,
W A 9 GARel vEste] Uaske R0 LGS
JSRL18-600& A3t UAF 7t Aib= FARE gh2 Uet

Atk Lactic acid T HE A 0.79 mg/gollA] ¥aE &
11.44 mg/gO & TA| Z7I51¥9 .21, LGGY] 2.66 mg/gT} H]
WaloliE of 48] 712 2713t A4S HRIAT. ol FAE
o gt g tARHE 5 BdEl= glucose”t AEZE &
3 pyruvate= ek 3, ThEE] homo f-4ihato] TH-51L
Ql= lactate dehydrogenase©] 23l 2F 95%7} lactic acidZ
Aslo] 27t 202 BeHEm, 53] lactic acid= TEG
AEQ] 1), 24 9 ¥ HolA F83 IS FFoH
Hoky B E3 9lo)(Ostilie 5, 2003), TS HEG AR A
JSRLIS-602 A8 4% 244 B3 714E A0 A
=5} SEX|9 formic acid®} acetic acid] -9 =2 2|4}
of Ajo}g Ho|AL YgkoL} JSRLIS-0OR Wt tHaf
oA 0.22 mg/g¥} 0.87 mg/ge] S Zof Bls] LGG=
0.74 mg/git 1.58 mg/g O & °F 2-38) A SA =AU} 53]
acetic acid®] 73-% Ostilie 5(2003)-2 lactic acidof] 2|3 vjA]
9] pH7} A5t=|al, f4kte] AlE W pHE ZHAsHA EHoh
AlZ W] pHE =4 |-A5HAA RARFS HiY6HH lactate
dehydrogenase2] 24Jo] WolA] homo SAto|gkal 3|z tf
9] acetic acidE AJAJGHCI H 15kl Qo] o]= LGGETH
T &2 lactic acidE FTO= QU] 7|Q1eH Ay Hekd
ot IEF Ao W lactose®} fructosel] S S7got
Qos, 1 AT v|ETE AFSY LGS T U 3
o7} &S IS} THTable 3). Lactose®] 73 ¥g A

HEE gapel gl gARsh wwsld 2 Aol ggion,
Table 3. Contents of organic acid and free sugar by manufactured yogurt fermented
Content (mg/g) Control" JSRL18-60 LGG
Citric acid 13.7240.07? 8.46+0.11 8.75+0.06
Lactic acid 0.79+0.01 11.44+0.19 2.66+0.01
Organic acid
Formic acid 0.25+0.01 0.23+0.01 0.74+0.01
Acetic acid ND? 0.87+0.02 1.58+0.02
Lactose 52.04+0.29 47.71+£0.18 52.54+0.01
Free sugar
Fructose 1.83+0.07 0.01+0.01 0.14+0.01

UNon-fermented skimmed milk.
'Value are means+SD of triplicate determinations.
JNot detected.
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JSRL18-600.2 dradt dha-9ofA] ¥hg 21 52.04 me/g tH]
4771 mg/gO & AT, LGG= W3t §I31th. Fructose
aE A(1.83 me/g)ol B8] LGGE} JSRLIS-6008 A%
LERoA 25 0.01 mg/gd} 0.14 mg/gO & A A4S
RIS, ©es]| fARS of-&sto] Waf A|lxof uf
fEgel deF Hels H gk A9 A3t glo] 2291
H| W o], Al e A2t AEdas Bk
8 EAJEANA ZAkto] T2l glucose®} fructoseE
7] dRUOE ARG T 1647t o] Folli= HEEA] Aok,

T ol oo ok ffr

BN

Table 4. Free amino acid contents of fermented yogurt

ERZto] 28 9l lactose T3 HHE 204]7F o] 5o HEE]
A IITI HI(Jung 5, 2015)3k Qlo], & ATLoj|A]
JSRLIS-60 £+l #52 ol-gsjo] uraslol wja Zof mhe
Aolel Bot gof oJgt o] = Jtgoll= A7} lon, 7
F2 FYH AAads ERIE 4= AU EZ JSRLIS-60
= ol&sto] AFxSH Hafo] fejoh]ieile S5 oM,
Zil= Table 40 YeERH Hie} Zch ™A aspartic acid,
arginine, threonine, valine, phenylalanine, isoleucine %
leucine 5] 245 Weto] =] 25t ofn 1At F4H]go]

Free amino acid (mg/L) Control" JSRL18-60 LGG
Phosphoserine 7.59+0.56” 9.07+0.37 8.33+0.37
Taurine 6.89+0.10 8.76+0.25 18.20+0.31

PEA ND” ND ND
Aspartic acid 1.5140.01 1.72+0.01 0.29+0.05
Threonine 0.58+0.06 1.64+0.01 0.29+0.05
Serine 0.50+0.06 0.16+0.01 0.34+0.03
Glutamic acid 22.03+0.13 9.66+0.09 21.45+0.40
Sarcosine 1.31+0.09 0.30+0.11 1.01+0.05
a-Amino adipic acid 1.02+0.14 0.59+0.11 0.75+0.03
Glycine 7.18+0.07 9.21+0.01 10.69+0.14
Alanine 2.09+0.01 2.00+0.04 4.10+0.10

a-Amino butyric acid 0.36+0.02 0.32+0.01 ND
Valine 0.74+0.03 0.84+0.03 0.79+0.02
Cysteine 3.05+0.15 4.56+0.07 3.67+0.12

Methionine ND ND ND
Cystathionine 0.2840.01 2.46+0.05 1.49+0.02
Isoleucine 0.13+0.01 0.08+0.01 0.49+0.03
Leucine 0.40+0.01 1.2540.01 2.964+0.15

Tyrosine 0.19+0.01 ND ND
Phenylalanine 1.01+0.01 0.96+0.02 1.1240.07
B-Alanine 6.08+0.29 7.92+0.24 6.79+0.24
B-Aminoisobutyric acid 1.7240.40 2.79+0.13 2.66+0.15
y-Aminobutyric acid 0.30+0.10 0.97+0.05 0.98+0.05
Ethanolamine 1.9140.02 3.10+0.14 3.50+0.07
Ammonia 14.81+0.03 17.3940.34 16.06+0.33

5-Hydroxylysine ND 1.10£0.05 ND
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(continued)
Free amino acid (mg/L) Control" JSRL18-60 LGG
Ornithine 1.42+0.06 2.45+0.02 1.63+0.03
Lysine 0.2520.01 1.10£0.01 0.99+0.03
Arginine 1.33+0.01 0.42+0.02 2.84+0.10

YNon-fermented skimmed milk.
'Value are means+SD of triplicate determinations.
Not detected.

79| gho] £4] k2 JFS Tkl Hil(Fox, 1983)%]
Ao, Bl LGGRF A w591 JSRLIS-60 & TR
W gl 290 212 b Aol AR RO F0
A B 2 Tl 92 Belstel) HaSY R E
1]Q] acetaldehyde2] &4Jo]| 3Ho{6]= threonine™} methionine
9] 74§ methionine> 2= AJLolA AESEA] ggkon,
threonine2 JSRL18-600 & A&t W E-90A 1.64 mg/gl
Z LGG 029 mg/g L thZT 0.58 mg/g tH] 71 =4 A
JE|ql o, o9 felopn|icAle] HRofl= & e Aol
£ U A= 231 A9 fARE £A15 YERASIH, Park 5
(1986) A2 tE fANS &% BiYgeteE 4% 455
7k ohu|At Adsol 27| dieol AR AT HaeS
Stof ofu|i4l o] 8Ado] FOMAIA HA, o] 2 lsf ARE/dTt
FARE B5o] FXEr . Barska Qlof, 3% e f Az
A] ThFRtE fARFEe] S5t kS Bl ofrlicAt A3/ o]9]
o= FARF ASo] BHE 371 ¢ U AR AlREH:

M #FE 0|83 Wa[e HY

Uafo] gt S8 A2E 9 ARRE T3 v =
A Eg AREe] gt 43 4, da U A7 59t A
e f714Re Sbgol osf HeEvta BEaEar gtk
(MinZ} Chung, 2016). E8-3-9] A& 7|7t & At =
AR %7] 9.48 log CFUMLAA & 1094 9.36 log
CFU/mL, pH} 24 A= A& 27] pH 4.489} 0.89%01A]

A% 1029 & pH 4.382} 0.98%5 LERo] Luk&Rl 7|& =
o= A4 9 HiolM fA1ES Eelskith(Table 5).
AtS of-gsto] A2 AR A7 St 4t +
8 QASYI, pHE| A9 AHB) Tk, A AL A4S
Z7HHARE ol ]l S22 T sk gio] fATTHE
B 31(Kroger¥} Weaver, 1973)Q} 5U3t 275 ERIoILt
28], 94 29 A9 AL 4371% @ 4R 729 9
3 10° CFU/mL o< goll 35}, Shj Alm g
0.82-1.25%9] 74 A=E FARIH= Hil(Lee 5, 1988)]
T YA|sto] JSRL1S-60 w5 ©ol-&sto] A|x3et WA {2
A SHAE ZAI7E §l= A o= A o] 2
Yz u|FolHol AF WaAFo=RE EIt L
paracasei 18-602 L ZHO]| QEIA TS 7171 Qlo] AR
0 Y, A AmAE Ras0] S5t ol o}8d
2ag Az A E L A 2 22wt gl o
SAEDE AeEAS] B8 TP BREE AT
O, SR AH R B8P AL B LS
o 474 wazd sus B9 AN 5 2718 A7)
HHslolor & Aoz W

2 o

2 AFolE Bag Aetez BESP] HAstel 1454
FoRve Held 8859 P52 o AS 94 59

Table 5. Changes in pH, titratable acidity, and total cell counts of L. paracasei JSRL18-60 in fermented yogurt during storage at 4C for

10 days

Storage period (days)

0 5 10

L. paracasei JSRL18-60 (log CFU/mL) 9.94+0.05"%) 9.32+0.75° 9.36+0.01°
pH 4.48+0.02° 4.3840.01° 4.4140.02°

Titratable acidity (%) 0.89+0.02° 1.01£0.02° 0.98+0.01°

YValue are means+SD of triplicate determinations.

Y%°Means within each column with no common superscripts are significantly different (p<0.05).
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= B2l 13359 #55 Adsiqict 1A At #4558
o7 AEZ HAA u|AWEQ B. cereus, S. aureus, L. ivanovii,
S. typhimurium, E. coli, S. sonnei®| tgt TF-SAJo] =3t
559 #FE 23 Adelant A St 559 75 F
WAk e, WEAdoll ot QFg/do] 4=, Caco2 A2
Ojgt $2HsT 93t JSRLIS-60 455 % 452 445t
R, 54 AI} Lactobacillus paracasei= S3% 0] Lacto-
bacillus paracasei JSRL18-602 BH5}ATt. L. paracasei
JSRL18-602] 2|4 4| 42 A== 9.61 log CFU/mL,
4% 1.74(0D 600 nm)et AZX dAIF 2.30 gLZE 7F =
= AR A= BRI 30A7te = ERIEQIT HFA 0= &
A AR} HFAE FE ol8dlo] IFEEE AX5191
o, RAE A %9] & pHO| HIRA pH 4.0-4.52} w4
S PSS W pH 4.480] H= 21472 24 Az
Z70=% AAsIginh dafe A% 713t 5 Butare A
%7] 9.48 log CFU/mLOA A& 10€4] 9.36 log CFU/mL
& & Ws} glo] fAIstl o, pHeF A e = A 27
pH 4.482} 0.89%°f| 4] & 1044 pH 4.387} 0.98%E LIE}
Wot. webA| L. paracasei JSRL18-60-2 At E5 2 Aof of
QF QAo ol A HAls 52 ZEHo|Q 7)ol A
om g 9 A F =2 29 YdrE AR 8
2E AR A| starter= ARE 7Fsd A= .

Al 2
o] =2 20209k (ISR EFAIF)O Y

A ATAD- AL ATAES] A Ee ot
Z8E AFJYTHNo. 2016M3C1B5907049).
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