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Isolation and Characterization of Lactobacillus Strains Isolated
from Korean Feces

Dong-Gyu Kang, Seog-Pil Kang*, Dong-Hoon Chang,
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Lactobacilli have been generally recognized as an important lactic acid bacteria present in the normal human
intestinal flora. Fifty two Lactobacillus isolates were recovered from the feces of healthy Koreans whose age
ranged from thirteen days after birth to 37 years. Among the isolates above, 17 isolates were tentatively identi-
fied as strains of Lactobacillus acidophilus and 3 isolates as strains of Lactobacillus casei. For their characteriza-
tion, these twenty isolates were subjected to the experiments for the resistance to the artificial gastric juice,
pH2.5 and bile salt. Interestingly, 3 strains survived pH 2.5 after 3 hour incubation in the artificial gastric juice
with more than 75% of survival rate. L. acidophilus a-4 had the highest survival rate of 100%. Four strains
including L. acidophilus a-3 grew gradually in MRS broth in the presence of the artificial bile salt. Cholesterol
assimilation was alse tested for the 20 isolates. The result showed that cholesterol concentration of the medium
was reduced by 10 Lactobacillus isolates with more than 60%, as compared to the control. L. acidophilus a-2 had
the highest reduction rate of 77%. Judging from these data obtained in vitro, some isolates ware likely to reach
the lower small intestine after consumption without a significant loss of viability, suggesting that they had the
potential to be developed as a probiotic culture which might lower the cholesterol level in human.

Key words: Lactobacillus isolation, artificial gastric juice, bile salt, cholesterol
M

'~ g A Ve

Fshe AR AEH F = - ol

o] Bofel A7} &ds] U F L Yt E3) Lactobacillus

Lactobacillus 42 XS 3484 &3 8714 2= ¥
d FrIdom FAse OF P A=, AdAlY) 4
BE3 Bl ofle} Alge] it e AP SelME W
A nAZoltkh, o] AFL A FA uBEZA
ot 4 fRAIEY 2EEE gy o)§HI itk Ak
o] Ir¥l LE FAFY ML T8 A5 oA #
| AEY F4E JAPTE Ao ¥ Pe) mEl Lacto-
bacilli= 7o)y AFgRe) Aa-A A (probiotics) HE AAA =
Al 2 o] 87FAZL wlg- oA UTE. g H AT F
ZF A feiAFe] A, FLdaH, FF(actose) ©]8 F
7, 85 ZHLHE Ast 59 A9 A%e /-8 9%
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acidophilus(°| 8} L. acidophilus)®t Lactobacillus casei(©] 3t
L cased5S 919} 7222 71% ol9jo] A2A Hule) A
(colonization)] 7FHs3h 52 RI“d uvf gloen, o3
o)l A AYIYoz AAEI = Probiotic 8TEE
AEg¢ 2elEz g ARSE U

wE fAZo) AREHE #dabgo] Al g npEA g
A7 AFE Jehl7] fsiMe B /A AA 27e) B8
sy dek AFAE FAFe e B3 AFHE F A3
A olE3lA H+u|®, R E lysozyme B3 S TR
B &29] g ol AYHE zhr glofok SO 9,
AolxF 2 zh Adtd BollA W ¢ e AHAA &
EYAE o)AY F dojok gtk A, HF AFAM F1
g Qg AR BE, oA A E FFe] 7
ok ol @® 43l7|#e] HF Bl =gd wrix] AE
F lojof YO, Y= FE Al pH 1.5 H=9 =%
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P4 AT Th 4 9RO 9F Bl =3O
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22X nAEL] o] ZA AFEA EdO. oz o7
A e EF S AA Ao AF] X EE
fr AFAN T8 o] Aoz 10° ciwml AEE TF
Hojor gt A+ HU07) g E vl gltd. g Lacto-
bacilli= &5 5ol 23 e ALE ¥dE4 oz
AT o] A A0 dridt & g QR e F
L3, 39 Fof EAste e vAEF AAE F 3
ofof g1,

A B0l =9l A UEERFH fhS £E8ky o]
E AF 2 Yorgl ol&start e ol s A
FEH Je w0, ol x¥-& FZ Bifidobacterium
spp.ol A7 ZHo] LFJA 1o, Lactobacillio] o3
ATE o WEF dAclth A FujelA= Lactobacilli
7t ARHeE IE fAE, oE 2 FEUGE Bl 4z
ARHEEIL Qo ARSHE ¥ tiRES 9=elA Y=
AEolth

A £ Ares IS B4 ge AAAS ¥
FE s, 2 718 SRS A8 A4 A £
HO 2 RE Lactobacili® #2], 4312, 2elve T &
e, MY 58, AT 2 AT "@E U e 2

cholesterol A3l58 5 2 71X Agldy BEAL ZARIGTH
ME ¥

Lactobacillie] &2|

A% 3UFH 37A7EA Y] 24 89, oA 59, F 1332
ZHH LactobaciliE E3FGch ¥ 2F
AAs o] W BRE AT Aol o
Agolu Yol fle ALT AlRE Adsds, vigr
wE SAEY HHAE Ageln, FHEAY Eofolu} FA}
g Fdhe 59 4o 24L& ¥ st BHY AHe 4
o|FF F FA| AAIIFIL, FA vIBES AFHIL 7T
Culturette(BBL, USA)E ARSIt AHAR AlE= Aug
10mLe] MRS broth(pH 6.8)7} 01 A& AFHA
I6mm)e] 59 3 ¥ box FoIA BBEIHA 4847 o]
el B2 J8S ARE3IdT

Lactobacillus & #F9 8 a3 7o) AA) st
471 MRS broth(Difco) FolA &€ AZE o Ay
2]H(0.85% NaCl §9E A-3 wiFg 843, Evt
E Fo| 39 LBS agar(BBL)® At 712& 50~1007]<]
& (colony)el BAHHIEE T3 & 37°C wiY7] ol 48
AlZE wiFEATE dw wiA] Aol YAE Hgl st 9
o] Bgo] FARIEL £ Wimrt B2 AL 94Xz A
I, FY wiAle) 2~33] XA widdsle] £ EEd 3
MRS broth FollA 37°C2 ¥ F 5°CZ WA HASIHA
ARS8 T

A olo

Lactobaciilie] SH

A719) B2]9 Lactobacillus £ 455 Gram FN3st
w7 e o3te eE &% ¥, o oja%xy o
71 Qe BEAC wEt #AF FAEAC. 7 oleA
" 2 #FE MRS agar HiA o] 37°ColA4] 48417} anaer-

flo wd rgh

obic system(Becton Dickinson)oll4] @718 0 2 uigFst & <
A1 22)(3000X g, 3 min) 3tod A AFrE 28 AHF
g7 =F50 @HAIA APl 50 CHL strip(bioMerieux,
France)ol 718}l 37°CollA 48A17F wli<kslatt. o] A&
Bergey’s Manual of Systematic Bacteriology®™el 71&d 5
A7 bioMerieux®] database system(Apilab plus V3.2.2)2]
A#AE EUZ 39 Zt 4578 T8

olzolotofl CHEF LHY Al

ol floe] thEk WA d3FL Kobayashi®®9] 7l&d %
Aol wehr] v o] HASTE £E #FE MRS
brothell 28] Alt) wjekst & #AS 3,000 rpmollA] 10827 9
AEEsle 34sta NS o, HCHE: AHsk pH 2.5
2 2R3 AZYAMRS broth + 1% pepsin)ll HE3F T
37°CoNA 3217 7HEA F® vl ¥ 0.1mL FH3kd MRS
agar Aol Tl T XA v T AR HFE
Asste] iAol Ao} nwsgr) S ATHY
oA wiF A Aol tigh wige Fo AdT HiE
WEL(%)E EAISIAH

LHElE A

Christiaens 5] W& 7k W sl ohg3 7o) 4
Alstick. 22 ® 20 8 7] MRS brothell 23] Ath ul
% & 03% oxgalle]l E¥E MRS agard] =Z3le] 37°Co
A 487 wike 3 AAE JERE ASsit) diaTe
oxgalle] EE A 942 MRS agars A3t AAEES
oxgalle] TEHA] 2 MRS agare] Aol it 03%
oxgalle] Z¥E MRS agar®] AT HE JEE(D)E &
A8kt

& MMs &Y

L. acidophilus 2 L. casei® EFF TFL MRS brothell
23] A Wi F ZFE 12%whv) D AR 1%viv)
AEsld 37°ColA AR wigetar HAA= 2 pHE F
Atk B4 AAxs e Fate] AAjsaen 34k
Foz st %2 FAFATE pHO FAH L pH
meter(model 691, Metrohm)Z ARl 20°ColA S-93153tt

Cholesterol Xsts32| &4

Cholesterol assimilation activity® Z73317] 9l3ll, Walker®}
Gilliland®¢] #'H-& AP35t AA AT ¥A cholesterol-
phosphatidyl choline micelle®] A|Z+= Razin 572
ule} =3 Tl 22 mg phosphatidyl-choline (L-o-lecithin,
Sigma)® 10mg®] cholesterol (Sigmay2 Algde} B3 F=
E¥E(CHCL, Merckyg H718led 3¢ & A4k Fo
A @H3] dxIFAT oAl £ e wbed] 04 M
sucrose €9 10mLE 713l 2L 2ZoA 58 HHSR
15% 59t sonicationdt F 4°CollA] 38,000X g2 30% FAE
g stgith. o] o8 membrane(0.45 pm, Nalgene)2 ©]&-3}
o AFd F 4°coA BastEA ARSIt Bl AzxE
cholesterol-phosphatidyl choline micelle 1 mL®} MRS-Thio
brothMMRS A8 *] 55g, thioglycolic acid(Sigma) 2g,
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0.3%(w/v) oxgalll 1 L 57%) 9mLE test tube Folx] 2
e v 2o 8 AF 4FE 1% IS, 37°C
2] anaerobic system(Becton Dickinson)ollA 194)7F ¥ 2F3}3
ok W 3 4oColM 12,000} g2 1087 LB s 34
= AAY 3 AL JEA G ARG, tzTe B
AATE JFHA &3l A7 L3l A8
Y 2HE AFEAL Rudels} Morris®e] whie] oj3}d
AA B0, Assimilation activity'e WZ&T-2] cholesterol 7t
o WPt AFG #A9] cholesterol ZLEHZT AlFNA A&
T 735He] cholesterol Ztg Wl <x])2] WEGT Aol
percent(%)i FAE T

an »

K
2

‘g-r 139 RH 37‘1]77}214 1335 g
d 20008 4 F @UA 47&% 3] Gram Aol
catalase WF3-0] *"%] FFEA EA S F=e E%"—% B
Epd #nt ohujg} X|&A 0" 1 BS @ MRSHIA| A AJ7et
£ Lactobacillus £2.2 AdHE 52 5 AdxHow B
sttt 7H #8]7#2 API 50 CHL kit(bioMerieux, France)S
ARESle] o HEFS AFE Al Table 13 722 A3yl A
o1z}, 03%01 AE 1345E 13719719 9 - FrofellA
= L. acidophilus 957 % L. plantarum®] 852 7% %)
AZHYY T, 2O 2= [ casei 35, L salivarius 25, L
rhamnosus 15 2 L. brevis 1579 <o|th. 34, 134 9]
Aol ARJAANAMNE L acidophilus?}t 10552 7V 2l o
S22 L plantarum®] 55, 280 L. salivarius, L. brevis,
L. pentosus 5-¢] 2HAct FUE B3l AAHoE L
acidophilus7t 1952 7% 2ol EHHJE 9, 2 olfF=
SHax gtk o R4bre] ¥ 88 287] 98] LBS
Ao F7FE tomato juice?} ©] HFY FA FFE v
A % drkal Azbdck. £ AN L plantarum®] F ¥
AZ Wol £21353)d A vl T2 FGSE oA
Ak, o] FFS X ¥wE FTio] Hol BEHE fAatd
o7 4EA o™ 3 Hygxate] AR AFHe #™o] US
Ao F&HY.

4718 BEE F 525 FolA ouldd ZA3daaa not
shown) thAkAdo] 438k Aoz eERdt L aczdophtlus 195
Z B g A wiek A eiM ApEE 2 A &je 17
o} 35| L caseid] st 2 71A| "gﬂﬂ 5"3 < detsl
7] 913 A¥E Y3t

Lactobacillus & 32| *"'5 3 =3
=

olZ¢|oHoll cHet LHY

2000 B2 @F(L. acidophilus 175 2 L. casei 357)9) W
g Wakd e A9 A3 L oacidophilus® FRE a4 T
pH 25004 3AIZF A3t Folle 23] APEsEA] &5 100% *&
E319.91, L acidophilus a-2%} L. casei b-3% 75% ©1°3<]
o AEES el olol WA Lo acidophilus a-12
E3E 457 40% W9 AEEE YERIRS, 2 9 13
FE 40% vk AEES Jehflo] 7 HE 1T Y
o3 WA & Zo|7t Aol FEEATHTable 2).

Table 1. Isolation frequency of some Lactobacillus spp. isolated
from 13 Korean feces using MRS agar

No of isolates
1

Species Age Sex

Lactobacillus acidophilus 13d
40d
60d

13 mo
26 yr
27 yr
29 yr

Lactobacillus casei 40d
60d

Lactobacillus plantarum 40d
12 mo
17 yr
28 yr
29 yr
3R2yr

Lactobacillus brevis 40d

17 yr
32yr
37 yr

Lactobacillus pentosus 26 yr
32yr
Lactobacillus salivarius 12 mo
17 yr
17 yr
Lactobacillus fructivorans 37 yr
Lactobacillus rhamnosus 12 mo
Leuco.mes.mesldext” 13yr

Leuco.mesen. cremoris 28 yr

idb-—li—lD—‘P—‘mr—'[\)b—‘i—‘b—‘b—‘r—r—‘HP—’—NG\[\)P—‘[\)M[\)UJP—‘[\)LII

Leuconostoc lactis 32yr
Total

DM: male; ?F: female
euco mesldext: Leuconostoc mesenteroides ssp. dextranicum.
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L. acidophilus 175 2 L. casei 35 ™3l oxgall©]
0.3% EZF MRS WA N WEFAS 43 A9 Table
30} TAS wke} 2V L. acidophilus a-3, a-8, a-13, a-17¢)
45 FE EAdE Brsta @A S A% A
orw wjoF Alzko] FUHgHel ulel AlFsrt Bl 23]
# Z7lele Aoz vehdth a8y Lo acidophilus T a-2
g 5162 ©] FEANM 50% o ATt Aaske Ao
UJERG T UmA] 133E 54%904 99% AET AFEgo] 7
A3 Ao Urh} Awtdoz g3 wet WEEYY
A% A7t & Aoz Jewt

22| @F9| & dds

L. acidophilus 175 2 L. casei 355 12%(wiv) 394 &
218 MR ZollA vt AF XS ST AI(Table
4), L. acidophilus a2 2 a16& 60A7F 73 T pH7Y
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Table 2. Survival rate of the twenty isolates of Lactobacillus
isolates of L. acidophilus and L. casei in the artificial gastric
juice, pH 2.5

Table 3. Survival rate of the twenty Lactobacillus isolates of L.
acidophilus and L. casei in the presence of bile salt (0.3%
oxgall)

Counts (CFU/mL) Counts (CFU/mL)
. Bef Survival rate . 03%  Survuvalrate
Strain incubgtrii)n incﬁgaetliron (%) Strain Contr?ll Oxgall (%)
®10)  (x107) 0% 107)

L. acidophilus a-1 110 52 47 L. acidophilus a-1 50 44 88
a2 34 26 77 a2 64 24 38

a3 6 3 50 a-3 330 396 112

a4 32 34 106 a4 54 30 56

a-5 32 0 0 a-3 101 89 88

a-6 12 1 8 a-6 39 36 92

a-7 61 19 31 a-7 357 311 87

a-8 71 0 0 a-8 90 90 100

a9 46 3 7 a-9 78 66 85

a-10 87 3 a-10 50 27 54

a-11 84 1 1 a-11 83 75 90

a-12 176 38 22 a-12 300 268 89
a-13 99 0 a-13 82 82 100

a-14 83 1 1 a-14 89 80 90

a-15 5 2 40 a-15 350 346 929

a-16 67 27 40 a-16 20 2 10

a-17 12 a-17 84 85 101

L. casei b-1 15 L. casei b-1 71 51 72
b-2 320 70 2 b-2 388 262 68

b-3 80 60 75 b-3 52 32 62

DAIl the strains tested were transferred twice in MRS broth. After
diluted properly, bacterial counts were determined after holding each
culture in the artificial gastric juice(pH 2.5) for 3 hr and the survival
rate was expressed as a percent of bacterial counts after incubation to
those before the treatment.

”Numbers are an average of the data obtained by three independent
counts,

35-3.600 T2 on, HAMNEE 21-23%7K] EEdlo]
2 AT AFE) S 4 ¢ ddnh 6047+ At
T ABAETL 08%9 EEIA B3 FFE E 105¥0H
L. acidophilus a-6& pH 52, A& 2% 052 4 A4 =9

o] 7P& weksich

Cholesterol X5} &3}

Gilland5-®"& L. acidophilusE Ed2E| 2] H71E Hix)
ANM FrlHoz wigsle, RGPS W ofd #F= 3
Z3HA 459 cholesterolo] Z+438kal #A9] cholesterole
7tk AMS BAsIFon o] A4S celldl 218 cho-
lesterol assimilation®] 2t FEH s, ©|# 3 assimilation
activity’t & @5 FEHHIAAME cholesterol #3H58
o] ¢Fottial R uEHT} AssimilationS FUHAAE wE
Aol wEl FEOY, FF e A3 5o FHHT ¢
o] o}& o7} ¢t Aejolw cholesterold s o] &
T FFE A7) 93 in viro AP 02 Bo) o]&sla
At

1759) L. acidophilus & 352 L casei®] ™3} choles-
terol A3} FEHE 24T A B 59 2tk AP AMe

DAll the strains tested were transferred twice in MRS broth. After
diluted properly, bacterial counts were determined in MRS agar
containing 0.3% oxgall at 37°C for 48 hr and the survival rate was
expressed as a percent of bacterial counts on MRS agar containing
0.3% oxgall to those on MRS agar without the oxgall

PNumbers are an average of the data obtained by three independent
counts.

Zo A L. acidophilus a-25% 9 a-657} 70%°)7%
o] @AY AssdS vellth 29 10771 60%°]7d<]

e

-k ofp
)

N

t}. cholesterol A58 BalE Al wjgf, ©£3 22 A}
oA BPPolx FFEE o7t & ASE HY HY
38 B AYoMz U3 Frt FoiFth(data not shown).
FEatel thet WA cholesterol A|3Hs oo AHGL 4
HE A3} Faz7ke] 49389 A gle Aeg YEyte
™ o] Gilliland 5V A7rAze} XA In vitro 3
Blo}t QAo mAEe oF FY2EE A 5H AW
o)A Gilliland 0L in vitoolX] FH2EE A5 o]
T F57F FEAYIME SY2HE AsteEo] &
stATaL W uh o, o FAE o EFE & A
olt}, wEtr E AFdA ZHAEE AslsEo) LFalA
vehd @50 tisle] &5 FEAES B3 I BYo)
ge3sitia Azbec)

)

QF

2 d7eME §5 Bdes 7E £, §4€ Lacto-
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Table 4. Acid production of the twenty isolates of L. acidophilus and L. casei in MRS broth with different incubation times at 37°C

Acid production (%)

Strain 12 hr 36hr 60 hr
pH TA pH TA pH TA
L. acidophilus a-1 5.8 0.33 4.8 5.5 4.3 09
a-2 5.0 0.5 36 16.5 3.5 23
a-3 6.0 0.26 47 6.0 42 1.0
a-4 5.7 0.33 4.6 5.7 4.4 0.9
a-5 6.2 0.25 5.2 33 5.1 0.6
a-6 6.3 0.24 5.7 38 52 0.5
a7 6.1 0.25 4.6 6.5 4.9 0.7
a-8 6.1 0.26 52 4.0 52 0.6
a-9 6.1 0.25 53 42 5.1 0.6
a-10 5.8 0.35 5.2 5.1 4.3 0.8
a-11 6.2 0.25 59 3.0 5.2 0.5
a-12 5.7 0.3 438 6.2 4.5 0.8
a-13 6.1 0.26 59 3.0 4.6 09
a-14 6.2 0.26 5.9 2.8 44 0.9
a-15 5.1 0.38 4.8 6.2 4.0 1.2
a-16 48 0.55 36 16.5 3.6 2.1
a-17 6.2 0.26 6.0 2.8 4.4 0.9
L. casei b-1 59 027 S.1 6.2 48 0.8
b-2 5.8 0.29 4.9 5.0 4.1 1.0
b-3 57 0.37 4.6 52 43 0.8

DValues are an average of the data obtained by three independent measurements.

Table 5. Cholesterol assimilation activities of the twenty isolates of L. acidophilus and L. casei in MRS containing cholesterol at 37°C

Strain Cholesterol (mg/mL) Assimilation activity (%)
Control broth Spent broth [(spent broth/(control broth-spent broth)]

L. acidophilus a1 76.7 32.1 58
a-1 76.7 17.9 77

a-3 76.7 23.6 69

a4 76.7 31.6 59

a-3 76.7 26.0 66

a-6 76.7 21.8 72

a7 76.7 322 58

a-8 76.7 254 67

a-9 76.7 25.1 67

a-10 767 304 60

a-11 76.7 24.5 68

a-12 76.7 404 47

a-13 76.7 38.8 49

a-14 76.7 413 46

a-15 76.7 30.8 60

a-16 76.7 31.6 59

a-17 76.7 26.3 66

L. casei b-1 76.7 404 47
b-2 76.7 25.1 67

b-3 76.7 26.0 66

Each isolate was added at 1%(v/v) inoculum into the medium consisting of 1 mL of cholesterol-phosphatidyl choline micelle and 9 mL of MRS-
Thio broth(MRS broth powder 55 g, thioglycolic acid 2 g, 0.3%(w/v) oxgall/ 1L distilled water), and then incubated anaerobically at 37°C for 19
hr. After centrifugation the supernatant was subjected to cholesterol determination.

UCholesterol assimilation activities were expressed as percentage of the cholesterol of cells in broth as described in Materials and Methods.
AValues are an average of the data obtained by three independent determinations.
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bacillus & 459 F4 F3NE, 4 AAT, dF 99 2
A FFoll gt WA, cholesterol AdsE Fol AESAU

AZ 3YTE 37A7AS F 133 E-o9 BHogR
¥ F 52¢5¢] Lactobacilli’} ®8]=R03L ©] F L acidophi-
us7t 1952 7% gt t&o2 L plantarum 0%
. BE8F F L acidophilusZ FRE 17579 L casei® %
A 370 tiEiA Ay 54 AES v 47 ged 72
< A7 4Rtk AFHde g AR H¥4F L
acidophilus a-4= pH 25904 3X|7F A3 Tz AF At
3 31 100% AESR= A2 YePte™, L acidophilus
a-2% L. casei b-3% 75%°14e] & AEES YERIITH
YA 13575 40%°]5H] AEEE Uehllo], 25 ¥= 2
AN e WAL 2 Aolg velgth U BE4E =
A% A L acidophilus a-38 X33 4575 AR AFE
Wz oot difie] 2 #Fe Addrt A Bo
54~99% B2 FAaHe Alq veht AFAY WA= vt
WA E FFo) wE BAYE & Aoz Jeit 39 ¥
AFE ol&3 BTN dolXe T L acidophilus TF
(@2 2 al167F 60A 7 A F 2.1~23%2] HAH AT7A|
=239 oW pHE 3.5~3.6°1Th 60417 vk & A
%7 08%0 =EEkA] XE AL F 205F 1020k &
H cholesterol A3Fs2 9% Ax FAF 200 BAF F
ANA L acidophilus a2 F9F a-6 F7F 70% ©|’4<] <3k
AalPsES Ve, 12 #37F 60% ©l4e] Askse U
W} cholesterol A3ls- 5U FFolz} slujgte Ea)9(
Al £ 59 oA fEE @5 = & o)
7F VERst). gEtel] tisk W28} cholesterol #3152 7o)
HAEAL FEe oA AL gl Aeg vesith
AE2HOoZ & AgoM d& B 755 AA MdHE A
5 AVESHA ¥ 28 R 28 F e AAA
o] JeH, ety ol RIFE HAAR olgd F
o AZE AT
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