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Abstract

To search probiotic microorganisms, we isolated Lactobacillus sp. from kefir. The Lactobacillus sp. strain
showed 99.5% of identity to species Lactobacillus rhamnosus by API kit. Lactobacillus rhamnosus showed high
resistances to acidic environment, which grew well even at pH 2.0 and 1.0% bile salt. Enzyme activity of
Lactobacillus rhamnosus was higher in amylase (0.673 pmol/min/mg) than that in xylanase (0.288 pmol/min/mg),
cellulase(0.117 pmol/min/mg) and phytase(0.269 pmoY/min/mg). Especially, the Lactobacillus rhamnosus showed
high heat stability which remained 1x10° CFU/mi at 60C. The maximum numbers of Lactobacillus rhamnosus
on growth curve was reached at 24 h fermentation and pH was decreased to 4.6. The resistances of Lactobacillus
rhamnosus to acidic pH and bile salt were better than that of Lactobacillus acidophilus used as control. When
Lactobacillus rhamnosus was cultured with E coli in MRS broth, E coli was disappeared after 18 h. These results
suggest that the isolated Lactobacillus rhamnosus has a useful probiotics properties.
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Kefires 3714 A(caucasus) AFetR| oA feld 2EHF
2 F A 2388 daetn a5 elAkgo] sl
= Roz vraR) 1 Itk Toba, 1987 ; Shiomi, 1982). 7}%
oA GAE FR L Y LR FAE T EM AT
o] Wik Foll A Edo] AA 1A ATHA &AL
GHAEAN B¢ AZAFCR 0 2T AR R ST
3t FAE Bolu glti(Haenlein, 1995). Kefire= kefir grain
olghes W ETAE UFAAAA UE=H), kefir grain®] 7]
ME-L Torula kefir®} Saccharomyces kefir 22 A 5.9} Lacto-
bacillus caucasium3} Lactococcus lactis ssp. lactis 732 BHe|
2otz F4=0] gtk S8l Kefir} viehile 359 84
2 A 7 2HE 5] AP FE-2 kefir graino] e AL
Z YA BR, kefir grain 9] P|YEEL YA =AM <
H7HAR] 71%0] 9& A e& Y|E e v} Ath(Krogers}
Kumann, 1989; Itoh, 1990).

B A= Kefird| A Lactobacillus sp. 7% #2)3le] 53
st a, WEA 2 WA eSS vlaste 244 43t
EA B4 AT A% oA B 5T 2o probiotcs
29 ol& 7heA e Bkl Slelel ANsisic

JEREETE

M=

Kefiriz 2lAloke) sioblold 78 A3 Azosn
712 AP alo|a] BoF whe AS AL8-31Y 11, Lactobacillus
acidophilus(KCTC 3140)8} E. coliKCTC 1041)E IH=HH-4
&g e] FFAFE AMLSIHTE MRS broth®} Nutrient
brothE= Difco (USAYA F43tact.

Lactobacillus sp.2| 22| ¥ X

Keifr= Al 500mlol] Kefir graing 10% HE3 3 23T
2] incubatoroll A} 48417 Athufjekste] AR E o] &3t
(Otle' et al., 2003 ; Koroleva, 1988). HJoF3F Kefir Al2-2 0.02%
(NaN3)Z T 33+ MRS agarell =83le] 13802 10719
Lactobacillus sp. 52 ALsluth o5 &4 Eujs3 A
$o| Holyt Lactobacillus sp.Z £2]3l>] API Kit(Biomerieux,
France)2] & RE AP L o] 8-3led T3 84 3i(Loffler et al.,
2000), MRS 4] wljx]el] HF3te] 37Tel|A] 48413 #lj ol
it A 4TAN BasEA Ado] AT

ojM4E MFTH U F4 5

x
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Lactobacillus rhamnosus 3732412 Jar Fermenter(Kobiotech,
Korea)E ©]-&3}] Ztz} MRS 8lj#] ol pH 27 glo] 32TellA
72A12t weFslael TS E WFY S 0.85% NaCl &

A2 E8E) ) A 253 Al 33(2005)

o 108)¥ A&H o7 A7

Brslo] et &, Ao wiekstn 224 34 ¢
%)(colony forming unit)S 27 3t A4FSITHAPHA. Stan-
dard Methods. 1985).

B4 24

Lactobacillus rhamnosus®] v FA-2- 4T, 150rpmo.2 20
B2 ilEelste gAE dgstn Aukdsys A F
1] 28 B]-&E 7}3}e] glass homogenizer® A EE =43
, A& 1,500pm e 2 2083 4] Eejsle] 1 A5dE
A ARE ARSI
xylanase 2 amylase, cellulase #8432 3,5-dinitro salicylic
acid(DNS) W (Khasin, 1993)0] me} 24 a15ith. 2E 44
2 50xLE FHsled 22}F 950419 0.5% substrate solution
(xylan, carboxymethylellulose, starch)E X338l 0.1M Tris-
HCIgHEd(pH 7.0)0] d7}3ke] 37T <] water bathol] A 10E
Zb ¥kg-A171 %, ImL DNS solution A7}3te ¥h-g-& A
A|A 100TAA SEZF & w-gA)Z] T ice water2 FA]
22X 7131 8mLe] Z=F/5E H71sle] spectrophotometer(UV-
1601 PC, Shimadzu, Japan)Z& Al-&-3led 93k 540nmell A &
FeE 236tk A AL 98t xylanase=
10 mM xylose solution- cellulase®} amylasex= 10mM glu-
cose solutiond 3|3t EEIHE HAJste AlLbstdrt
DNS &-<4-& 3,5-Dinitro salycylic acid 5g2} NaOH 8g 2] 3L
sodium potassium tatrate 150gS 500ml. 7ol F A|E
st

Phytase(EC 3.1.3.8) &A1& Shimizu(1992)2] ®d wje}
75l A9 2mM Na-phytateE 33 0.5 M sodium
acetate(pH 4.0) AWM 300 2LE 37CoA 307 ¥Hg-
Al7]1 3 10% TCA(Trichloroacetic acid)-&94 375 L& 7|3t
o ¥hg-Z HAAIZ] &, 750 Lo Y AJ2K2.5% Ammonium
molybdate sol , 10% ascorbic acid sol, 1M H>SO4 (1:1:3) H]
29 E3AE Hulsle] 45ColA] 2083 AA]A 820nm
Aol EFEE FsI¥Th Ea AL KHPOS 8)493)
o H4E EF IOy AN

X,

PN ok

Lidte 2 RSN B4
W2k 7H= (Kobayashi, 1974) ¥PHS 3 sle] MRS
broth & 0.IN HCI 2 pH 2.0, 3.0, 40, 5.02 233 o}

=
Lactobacillus rhamnosus s 718k 308 AX] & #=3F) 1]
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WHEEAEA L bile salt = 0, 0.1, 0.3, 0.5, 1.0%WV)E H71gH
MRS brotholl Latobacillus rhamnosus #352.0x10° CFU/mL) S
A F st 37ColA 6417 WA F &, 7} broth 0.1mLE MRS
agar plated] =3l JEPd v EFE Agdld] AEE
(%)& &lstirt

2 otyd
g FPAL 30T, 40T, 50T, 60CE oA 1087F H=2] &

CHERT MM AIY

v)g] Lactobacillus rhamnosus 3= MRS vjX] oA, th=t
T2 Nutrient brothoflA 12~24A17F vt &, W22
MRS H}R)o]E AT THE oF 5.0x10° CFU/mlo] HE&
Z3l3, o dhte] MRS wiR|olli= Lactobacillus rhamnosus
s} thgate] 2zt ¢k 5.0x10° CFU/mLe] HE2 &3t %3}
Aok AFE YA E 37T w10l FX) ejtaiEA
T Pz Weels AAAAT, AAde A 2
AE)2d 42 543 The Nutrient agar plate =231t} 24
A 37CAA MEle] ekt R RNE AT £
ettt

A LA

e 71x] Al g a3 AP A 95
minimum inhibition concentration(MIC) test *'H © 2 3} A
WS AAsIATh GAAE oA 71EA R "otst
1 9% CTC, Bambermycin, Maduramycin, Diclazuril, Avila-
mycin, Lincomycin, Tylosin, OTC, Nebmycin, Clopidol, Super-
tia, Sulfathiazole, Collistin 52 2z}7}¢] ppm F%=7} HE=2
MRS broth wjx]ol] B 3 &, Zhzt FES HEst 37C
A 24zt w3t Latobacillus rhamnosus®] & Al 431
A AR5 ZARIATH

FHEH o7 Add FFe vlix]3e] colony FE, HAY, @]
A TE L UREA B AF 5o BES ZA3E Bergey's
Mannuale]] we} v 253 thdata not shown).

HER oz Add g5 wiA]d] colony FEl, WA, @
u]7 #E 2 YAER A R 5& BESI Bergey's
Mannualel w2} 8] w38}33 th(data not shown). Table 1] e}
A ule} Zo] APIKit of oJ3F & W ARella] F2]7 Lacto-

Table 1. Sugar-fermentation of the isolated Lactobacillus sp.
on API 50 CHL kit

Sugar substrate Result | Sugar substrate  Result
Control - SALicin +
GLYcerol - CELlobiose +
ERYthritol - MALtose +
D ARAbinose - LACtose +
L ARAbinose - MELibiose -
RIBose + Sucrose +
D XYLose - | TREhalose +
L XYLose - INUlin +
ADOnitol - MeLeZitose -
Beta Methyl-D-Xylose - RAFfinose +
GALactose + Starch -
GLUcose + GLYcogen -
FRUctose + XyLiTol -
MaNnosE + GENTtiobiose +
SorBosE + D TURanose +
RHAmnose + D LYXose +
DULcitol + D TAGatose +
INOsitol + D FUCose -
MANNitol + L FUCose =
SORbitol + D ArabitoL -
Alpha-Methyl-D-Mannoside - L Arabitol -
Alpha-Methyl-D-Glucoside + GlucoNaTe +
N-Acethyl-Glucosamine + 2-keto-Gluconate -
AMYgdalin + 5-keto-Gluconate -
ARButin +
Esculin +
+: positive, —: negative.

TFZ Lactobacillus rhamnosus=. E7]8F T

=M

Lactobacillus rhamnosus®} AA9) 4A2AE F317] 9
4] MRS wjA]el] 72412t viekate #& S stith Fig.
1(A)¢} 2ol Y27 & ©] 838 Lactobacillus acidophilus’e 24
A 7¢ HjeEA] 2.0x10° CFU/mLE JeRto}, Lactobacillus
rhamnosuse 24X 7¢ wjkA] 1.8x10" CFU/mMLE W= FHc}
108} 7} 7t S8tk A 7]l Eebket] Lacto-
bacillus acidophilus= 30217 2> vdk] Lactobacillus
rhamnosus= 24X 02 AA o] wglth I ufokA| 7l u}
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o #3d 53
Zzulo] 9] AFEC] Bulste Hie Aol BB

o
4 o 3lem, o] QlF) 4F Ee At
29 x| 71XE &2 4 YrhWalsh e al,, 1993). E2
842 =331 95l #HE homogenizationdlo] w25}
3l 54 A4S &3t Table 20 VERYSE] Lactobacillus
G {5 0 f0baci AR BO308 rhamnosus®] ¥ &AL amylase®l xylanase E4jo] 0.6733}
Er02 Y = ma = s lactobacitss ackopbis 0.288 g mole/min/mgo 2 7H %3t o™ cellulase®} phytase
, . H]ZAg e 01173 0.269 pmole/minmgS VERITE o3
Ohr  6hr  12hr  18hr  24hr  30hr  36hr phytase:= ¥hilzlyl Byl 52 o] o] 84S ZHAAIF|H vlAd
TIME(h) o A ede F2 ez AAE 1 Y= phytic acidS
#3)l3led myo-inositolZ F-718) J1E FASHA e E4R
) 2, 529 7 B vlARd SASE Ao LA 9
t}. Phytase YAF 0| BE-L Aspergillus sp. 2 Bacillus sp.7}
EAR ol FAFTS] phytase B2 F350|9} Bacillus sp.7}
Aaete B4 vjg] @& Aoz e A ci(Shiral er al).
Lactobacillus rhamnosus'= & B3¢} TEE 4 o]
AT o2 E & phytase B34S el &8 7137 2L
v AoE wdHAT aeivh F4 549 VERE A
screening BAdelA FAs= TRl 7] thE Ba-
cillus sp. TFEY vlwd w} 2A| “elH(data not shown),
o] EAEL FAM EH|EAC Aoz nATY HH &
T e Ae el nAEe Miged R 58 34 2de d

- - - v Lacfobrcdlis acifop s %]E?_‘f_:]: %—8—7]— gl’c}-l }gq@,u}.

Lo ORI mI

~

pH
o1

ohr 6hr  12hr  18hr  2ahr  30hr  36hr
TIME(h) LHARA

Kefirol| ] 813}t Lactobacillus rhamnosus2] WA S

(B) ZFR1 Lactobacillus acidophilus$t ZAV3: A3t Fig. 29}

Fig. 1. Growth curve of Lactobacillus rhamnosus cultured in 2th. B2l% Lactobacillus rhamnosus’= pH 5o A= 2x10°
MRS Broth(A) and its pH profile (B). Values are g _

mean+SD (bar). CFU/mL, pH 2o|A< 7x10° CFU/mLZ <F 35% 24341,

Lactobacillus acidophilus’= pH 59]41%= 1x10° CFU/mLo|Q

2 pHel W Fig 1B)d] UEIT BE 6413 335 x]  Ro] pH 201 % 1x10° CFU/mLE 90%+As}%r). AT

Zke] Asto] wla} pHI} 7Haste) 244)7k0] H10S W) kpH A ZA 715E EH3] HelM e pH 30]5k9] @e pH £

4.6L VEWIQ S 2 3 IS SR AT} Lactobacillus Ae] H4HL FHst 2PN E =3l YEsteof g

rhamnosus @} Lactobacillus acidophilus7t2] pH ¥3}e] =}o] HBooth, 1985). &AM = HE 4 = Lactobacillus

= A9 gtk plantarum®] 73-%- AW pHE W& W4H] FFHET} @2

Table 2. Enzyme activities of homogenate fraction from Lactobacillus rhamnosus
Lactobacillus rhamnosus
Enzyme
Amylase Cellulase Xylanase Phytase
Specific activity (#mole/min/mg) 0.673£0.13 0.269+0.22 0.288+0.17 0.117£0.5
Total activity («mole/ml) 0.35 +0.21 0.14 +0.12 0.15 +0.23 0.06120.15

Protein amount (ug/ml)

52+0.22
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Fig. 2. Acid resistance of Lactobacillus rhamnosus at various
pHs. Values are mean+SD (bar).

4.6~4.8% A=A a1, E FEY oA Feld HTA L
Enterococcus sp.<= pH 39| Q1ZYN ZAA 24)17F £
AZ&Eo] 90~100%= 4R AthKlaver £+ van der Meer,
1993). 2 A-FollA] E2]3t Lactobacillus rhamnosus= pH 2
ANE 78 AZEE dehichs A3, E9iael pH7b
1~20]A]%k 23} 279] Ao o3 sjMznz 9o
o) Fo Eee mA @E Aoz F3ark

LHEFEAHA
w2l #FE 2l i WS A3 ¥t 01

N

~1.0%2] FHEte] T AEE&E ZAR 27, Fig 3
o] Vehd vt} 7o) Lactobacillus acidophilus(4.0 x 10°
CFU/mL)< bile salt 0.1%¢]|A] 2.0x10° CFU/mL, 0.5%¢°i|A]
3.0x10° CFU/mLZ °F 1.0% = 0.15% %o}l AEstF o},
Lactobacillus rhamnosus(2.0x10° CFU/mL)%= bile salt 0.1%¢]]
A 4.0x10° CFU/mL, 0.5%°7A] 2.0x10’ CFU/mLZ& oF 40% 2
2%7F BEIATE B AR FlA HulEe B4
A Al AAE JAlske Zles AYa JeH, 53 &

1E+09
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1E+06
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1 E+02 L (et | 3¢ {05 RC BY3 FAAMPOSYY

Log CFU/mI
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bile salt(%)

Fig. 3. Bile salt-tolerance of various isolates of Lactobacillus
rhamnosus at different concentration of bile salts.
Values are mean+SD (bar).

W Aol obd A-fole dFitel 78 miAolM e A
= itk 2294 JE=vl(Gilliand er al., 1997), Lactobacillus
rhamnosus W Z7¢) Lactobacillus acidophilus Bt} WE5
el $4e Aow Vehith

ne

FASES

B fabrel o <HEAde MRS HiA] o] B3 The 4
£ 30T, 40C, 50T, 60TCNA] 1087 Az & AE31= 58
Z AV el(Fig. 4). 2791 Lactobacillus acidophiluse 30
CellA} 1.0x10° CFU/mL, 60Tl 4= 8.0x10° CFU/mL A%
wto] A&Fg ot A2 Ba3 Lacrobacillus rhamnosuse
30CollA] 2.0x10° CFU/mL?Q) Zo] 60°CallA & 2.0x107 CFU/mL
A7} ZESIA Lactobacillus acidophilus RTH= 60T oA %=
1008] o] AEEo] & oz Jehgrh

it BG4S Bo] A3l RS IAHE. coli)dl] A
A7vste] viokalda, o] AbEEE Al 48 &
Ztth Fig. 59 vephd vie} o] Lactobacillus rhamnosus
© AT PR F43] diadte] gash] Alxsle] 18
AIZE o= AAE AbEE e, dZTEQ Lactobacillus
acidophilus= 27A12t ¥ ti7gto] &413) AbEsiith wet
A} Lactobacillus rhamnosus= )3T A& A4 E37} &
F3 Aoz g} faktel 2 f8l AT dAle
FrAkto] AAFEHE bacteriocine]] 94 o] Roix|E Aoz
g# A ICHHuttumen et al., 1995). ¥, Havenaar 5(1992)&
Ahtell 9% pH 733}, 3l at AAAQ IF R &
, At 89 A9 74, 371A AdEloA] Bakalerio)
34, A B4 EFO #Y 5F A FEo 2 H9ydln
Atk & Ago|A Eelgt faktol] Qg Aol A8 o
A o]Hg A 24E9] g 7|t ZoR 1T

Z o

>

1E+10
1E+09
1E+08 |
1E+07 |
1E+06
1E+05
1E+04 +
1E+03 r e | 8¢ 05213 732 NO3VS
1E+02 +
1E+01
1E+00 . . :

30°C 40°C 50°C 60°C

Temprature(°C)

Log CFU/ml

= mA ™ wlactobaciks acidoohivy

Fig. 4. Heat stabilities of Lactobacillus rhamnosus. Values are
mean+SD (bar).
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Fig. 5. Growth inhibition of E coli (KCTC 1041) by
Lactobacillus rhamnosus in MRS broth. Values are
mean+SD (bar).
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Y #9E deiMe oS dvt et

M A

MIC test Wiioll whe} 137] AlS & FAAE A2e] 5=
oA i &, Lactobacillus rhamnosus®] A7 AR5 #z
3t A3}E Table 39| YeERUTY. Lactobacillus rhamnosus<
100ppm CTC, 50ppm OTCol| &J3} A#o] A=A, 150
ppm Lincomycin, 200ppm Tylosinol] 2]gjA % Ad7do] A=
Atk 18, o5 A A7 71Ere] 97k YA
o el A Hl 38 A AF o] JAHA
ool Aol 73t A Zte Ao nAHITh YA
B WA AA2A 25 oWt ol g AW A8l o
3 A 2] Aehn} HH3 FAYA] ALgo] et o H & oF
718A Hlo] BA7F B 4 AUtk wEbA A8 Wadel 24t

St
=]

Table 3. Minimum inhibition concentrations of various antibiotics for Latobacillus rhamnosus

Antibiotics Reaction of Lactobacillus rhamnosus against various antibiotics
c1C +++ + - - -
(0 ppm) (50ppm) (100ppm) (200ppm) (300ppm)
Bambermycin + 4+ +++ +++ +4++ + 4+
(0 ppm) (1ppm) (3ppm) (5ppm) (7ppm)
Maduramycin +++ +++ +++ +++ +++
(0 ppm) (1ppm) (3ppm) (5ppm) (7ppm)
Diclazuril +++ +++ + 4+ + 4+ +++
(0 ppm) (Ippm) (3ppm) (5ppm) (7ppm)
Avilamycin +++ 41 + 4+ +++ +++
(0 ppm) (5ppm) (10ppm) (20ppm) (30ppm)
Lincomycin e o ++ * i
(0 ppm) (50ppm) (80ppm) (110ppm) (150ppm)
Tylosin + 4+ +4++ +++ +++ +4++
(0 ppm) (50 ppm) (80 ppm) (100 ppm) (200 ppm)
oTC e - - - -
(0 ppm) (50ppm) (100ppm) (200ppmy) (300ppm)
Neomycin +++ +++ +++ +++ +++
(0 ppm) (10 ppm) (50 ppm) (110 ppm) (200 ppm)
Clopidol + 4+ +++ +++ +++ +++
(0 ppm) (50 ppm) (100 ppm) (200 ppm) (500 ppm)
Supertia + 4+ ++ ++ LS ++
(0 ppm) (20ppm) (50ppm) (65ppm) (100ppm)
Sulfathiazole + 4+ + 4+ +++ + 4+ +4++
(0 ppm) (50 ppm) (100 ppm) (200 ppm) (300 ppm)
Collistin + 4+ +4+4+ + 4+ +++ +++
(0 ppm) (2 ppm) (5 ppm) (10 ppm) (20 ppm)

-: none, +: 30% or less microorganism, ++:30~60% microorganism,

+++: microorganism above 60%.
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2 =] 9o ool UF BAD Bels FYAE HAS
% gl ARAL D77} olodAck @ Aoz YzEnk

2 o

B J R A= Kefirg 0.02% NaN; & ¥38F3}= MRS agar
o] =dle] 1x}A 0.2 Lactobacillus sp.& A9, 21
Z 7P 5% &8 T 2Ysigch E8E MtES AP
kitg o83 & I8 2 AsEH APE ENE Lacto-
bacillus rhamnosus®l} 99.5 %2 AEAE 717 AT Eo R
=AY AQT). Lactobacillus rhamnosus= amylase®} xylanase
v g4 o] 0.6733 0.288 pmole/min/mgl.E ¥ uA o &
73& BTk pH 204 65% o]4te] 7et AEES VeI
1.0% ZFAIM = 72%7} A& WS Uit 60T
NN % Lactobacillus rhamnosuss 7¥sr @ <H8448 Vel
W2 Lactobacillus acidophilus 5.t} 1008] o]}e] AE&E
£ Bk ®3 Lactobacillus rhamnosuss= ATl A7)st
o] 3 FA] 1822 ool g 100% AFEAIA =
L g EAE et} Lactobacillus rhamnosust= 100ppm
CTC, 50ppm OTC, 150ppm Lincomycin, 200ppm Tylosinel]
M Aol AU ZIeke] 971xe] Al tisted &
AT WS Zhe AR RIS oY AFAETE A
2 Ba)3) Lactobacillus rhamnosus’= 231 #HZ E4 &
Aol 1 WA 2 UlEE, € Aol 3 &
< P B FR31] 2] FE probioticsZ FEE & 7

27F e Aoz AyzrE Tk
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