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Bile Salt-Tolerance of Lactic Acid Bacteria under Anaerobic Broth System
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Abstract — To evaluate bile salt-tolerance of lactic acid bacteria (LAB, Lactobacillus acidophilus
ATCC 4356, Lactobacillus casei 1FO 3533, Streptococcus thermophilus KCTC 2185, Lactobacillus lactis
ATCC 4797, and Lactobacillus bulgaricus ATCC 11842), We investigated the survivals, acid produc-
tion and [-galactosidase activity of LAB under anaerobic broth system. Cellular permeability of
LAB and their cellular retention of B-galactosidase were also examined in the same system. Al-
though the growth of LAB was slightly suppressed by 0.3% bile salt, they showed normal growth
curve. Streptococcus thermophilus KCTC 2185 was significantly more resistant to bile salt than
the others. The B-galactosidase activity from Strepfococcus thermophilus KCTC 2185 and Lactobactl-
tus bulgaricus ATCC 11842 and their cellular retention of B-galactosidase decreased by 0.3% bile
salt. The cellular permeability of LAB in the presence of bile salt increased significantly,
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Table 1. Composition of modified EG medium (unit

g/D
Beef extract 2.0
Proteose peptone - 10.0
Yeast extract 5.0
Na;HPO; 4.0
Souble starch 0.5
Glucose 1.5
L-cystein HCI 04
Tween 80 0.52

{us ATCC 4356, Lactobacillus casei IFO 3533, Strep-
tococcus thermophilus KCTC 2185, Lactobacillus lac-
fis ATCC 4797 ¥ Lactobacillus bulgaricus ATCC
1184251 0.7, A3l A}§-3}7] A Lactobacilli MRS
Broth(Difco, USA)oll 33| Alis}sich 2Aibge] w5
Abgdell gk 53l AH-E vl A= modified EG
medium(12)elsi o, 7 #FA]-& Table 137 Zr} =
Al 338 wlx]+= BCP plate count agar(Eiken
Co., Japan)sict

oo WEFD AL MMEh|| o|xs ®HEMHS

= &
HEAN EAEkA "AMFe ASE 23
& 2371 (Cos © 15%, H. : 25%, N, : balance)®
bubbling 3} £Z&AL4+E A A A% modified EG
mediumel| H5F4H3(Sigma Chemical Co)g 0.3%
= A %7}8l3 anaerobic controlled glove box(Shie-
don Manufacturing, USA)d4 A4S AHEU%,
v/v)sto] 48417F Ft 3 71H o g wl oA} 7w A 647
AHe g A8E FHEYh pH, ARAAEE A
T8k FA03sId e, AdTe WgFys A
8|4 4(0.85% NaCl, 0.1% L-cystein HCL, 0.1% so-
dium thioglycollate)ol] UAwi-2 3]A3}lar BCP
plate count agarel] E¥E3F}ed 37CdA] 7247} wf <k
AR F ebd colony S Aledted E3)slkgdol(13).

B-galactosidase §AE HH

FAtde] Aol B-galactosidase Aol m]x]
— Q%L FAS7 98 Lactobacillus bulgaricus
ATCC 118422} Streptococcus thermophilus KCTC
2185F% A1A3}3. modified EG medium(0.3% bile
salt F)ellA 48A17F wokstA] 6A]7F 7HH o 2
AlBE Hi A S yhged F3ted 01M PBSZ
108)] 343} iv‘l’*ﬂ%i-]ﬂ(Danbary model LC500, 16
KHz)gl] AEHE d3A)H 2aLhd0=2 3)gich
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7|22 o-nitrophenyl-pB-D-galactopyranoside(ONPG,
Sigma Chemical Co.)& 0.1M PBS(pH 7.0)¢l 5 mM
A S A AR} £ 71A Smidl 2E
A9 1miE 7}l 37C9] water bathol| X 2087}
HbS-A17] F IM-NaCO; 25 mlE W& A= A7
t}-& #F21% o-nitrophenol2 420 nmel|A] v AR}k
(UV-Visible Spectrophotometer, Varian DMS 200)
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sidase activity) 2.2 3lo] A FW] B {HL Fgrlslg
v},

s &3

Hibro| MESE FobY w3lo] &7

Aol Axet 5348 &A1) 98 @Al
o] 0.3% H7}= modified EG mediumel| 4] 244]7}
e Mt S AAE(10000X g, 20 min, 4C)s}
"’4 A& F3lgdn) 358 74 0.5 g(wet weight)

+ 0.1IM PBSel resuspensionA]#] & 37Ce| A 10%-
:?} Hlx| sle] 825 M| ¥2 A)E-S UV-Visible Spect-
rophotometerZ 260 nmol| 4 &A3le] A E9} £}
qe= 3ok

gz 3 2F

Hiz o Mo ozl GFuHEe S

Rt Aol 2 5848 7H7] AsliA=
el A AolAFe R FuEE dFol HAde] gl
ooF qtrt 0.3%2 dFAtdel A7k d7]4 broth
systemelj A 4] AS-E A= pH, AA4EE)
o Ay A4S 3 Hrigk A3 Table 29
2o}

5:?:_4 S T E~“‘l" %E&A}Cﬁoﬂ _,’l;-gH ;(-]-5“8 tﬂ-o].



Vol. 23, No. 5

315

Table 2. Changes in pH, titratable acidity and viable cell count of lactic acid bacteria in modified EG medium

containing 0.3% bile salt under the anaerobic condition

s
L e

Viable cell count

Stra [ncubation pH Titratable acidity(%) (log CFU/mi)
re time(hr) Control  TreatmentV Control Treatment  Control  Treatment

0 6.20 6.20 (0.309 0.296 6.51 6.51

6 5.15 591 0.625 0.315 7.76 6.52

L. bulgaricus 12 4.10 5.91 1.407 0.331 9.04 6.52
24 3.80 5.90 1.960 0.334 9.54 7.56

48 3.61 5.35 2.228 0.491 9.78 7.04

0 6.20 6.20 0.309 0.296 6.53 6.53

6 5.16 5.95 0.571 0.317 7.97 6.53

L. acidophilus 12 4.00 5.85 1.516 0.349 9.23 7.20
24 3.80 .50 1.923 0.476 9.53 7.60

48 3.61 5.25 2.239 0.487 9.91 7.76

0 6.20 6.20 (.309 0.296 6.36 6.36

6 5.46 6.00 0.458 0.309 7.62 6.36

L. caser 12 4,30 6.00 1.162 0.339 8.53 7.00
24 3.85 6.08 1.952 0.347 9.56 7.66

48 3.68 5.40 2.202 0.497 9.62 7.67

0 6.20 6.20 0.309 0.296 6.70 6.70

6 5.65 6.15 0.404 0.293 8.15 6.71

St. thermophtlus 12 4.10 6.10 1.097 0.326 9.32 7.32
24 3.85 5.50 1.958 (0.475 9.68 7.85

48 3.65 5.23 2.265 0.722 9.80 3.18

0 6.20 6.20 0.309 0.296 6.49 6.49

6 5.46 6.10 0.442 0.297 7.88 6.49

L. lactis 12 4.10 6.10 1.512 0.331 9.00 7.30
24 3.85 5.80 1.956 0.388 943 7.53

48 3.65 5.35 2.216 0487 9.79 7.53

YCultures incubated in modified EG medium with (Treatment) and without (Control) 0.3% bhile salt.

Fr=7)(lag time)7} izl Blal] 6~124]7F A%E
Aazlol e, 1 5 Lactobacillus bulgaricus ATCC
118427} 124]7ko % WiAde] 713 <FsF Ao R i}
ok =3 vk 24A17babel] A far) fE el v]E]
1.62~2.26 log cycle/mi{ AHXx9 HE& H#59 F7LE
Bk 57k S5k WAL Streptococcus ther-
mophilus KCTC 21857} 7} ¥t e, Lactobacillus
lactis ATCC 47972} Lactobacillus bulgaricus ATCC
118427} of2 5 vlsh Ao ik R4
2] A A=k ool whE pH WHElx Aot 2
Ao s e, F TEAdd HhR RATY
A A S AaEg e e ofgl pHe| FHAad:
Hodc} 57t vl wtol| A<= Streptococcus thermophilus

KCTC 21857} ©} & 59l B3l vy & A4
S Ho] gFARE jAe] & ZoE Yehyth

ol Ak2] Axfel A ¥w HAAL 0.3% HFAG
X EE el vy fFxr7} dAET, A
T2} AAAEFe] AAde 5 19 ASe] i o
A=7e skt vl A4 A-8-3FA(normal
growth curve)S el 9]2 2ab o} kAl
ko] 7 ufdtel ode} AtAge] Frlsle Zle g 1}
Elvt 0.3%2] wEAbade] 71l broth systemol] A
A5 5 e A2 B =A) Gilliland 5(14)%
Mayia-Makinen 5(9)-& AHAlro| G54kde] Hr71
broth systemolfl 4] A{& - glorw, dF o=t 2
AS5HEE st vebdoiae Rasa gl 2
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Fig. 1. Changes in f-galactosidase activity of lactic acid bacteria in modified EG medium containing 0.3% bile
salt under the anaerobic condition.

—~@—: without bile salt, —<7—: with bile salt

Enzyme activity is expressed as micrograms of o-nitrophenol released per min from one gram of cultures. Each

value is the mean of three trials.

Table 3. Effect of bile salt on cellular retention of B-galactosidase by lactic acid bacteria

' B-Galactosidase activity ” Intracellular
Strains Sample? , ,
Intracellular Extracellular Total retention ratio(%)
1 buloari Control 8.34 1.72 10.06 82.9
vugancus Treatment 3.83 1.14 4.97 77.1
, Control 8.09 1.71 9.80 82.6
St. thermophilus Treatment 5.14 1.21 6.35 80.9

DEnzyme activity is expressed as micrograms of o-nitrophenol released per min; Each value 1s the mean of

three trials. ¥?See foot note 1) of table 2.
Al e Hapel FAFskadch

B-galactosidase #A2 ¥H%

B-galactosidase AJol] it HF4tg e} 35 H
7Vv8+7] Y& Streptococcus thermophilus KCTC 2185
9} Lactobacilius bulgaricus ATCC 118428 A A3t
0.3% wF4tge]l 7= #~7]3 broth systemel| 4
wjoksldA] AAH e g ZHF B-galactosidase TA]
W 3l Fig 1% 3t} p-galactosidase AL FA
g H7l=R g2l vls @etot wikA|Zke] A3
ghol] wpe} 2 G4 S8l e, Streptococcus the-
rmophilus KCTC 21857} Lactobacillus bulgaricus
ATCC 118429 8]3] ©] =& B-galactosidase B4 &
Leh g, o] GEAtd Sl 3ol A HAT 52
At} e Ao w FFakdd 9% HaFse

b2 9l3led B-galactosidase &Ale] A Jehd
7o R AtE )

B-galactosidase MEL| ER2e &M

0.3%2] =54tsde] A7l modified EG medium
ol A] 24X|7F F-oF }71H L Z kAT Streptococcus
thermophilus KCTC 218528} Lactobacillus bulgaricus
ATCC 118422] B-galactosidase®] A|E} Hf-3S
54¥ A= Table 37 2r}.

gt A 5ol FAIgle) Balde] B-galac-
tosidasex o HE Az Yol &ash= 7o 2 el
o, G5AH7IE 13} B-galactosidase M EW BE.-§
.2 Lactobacillus bulgaricus ATCC 118422] 7%
82.9%NA 77T1% =2 728 13 Streptococcus thermo-
philus KCTC 2185% 82.6%°l| A4 80.9% = 7}A 3}
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Fig. 2. Influence of bile salt on the cellular permeability
of lactic acid bacteria under the anaerobic condition.
Cellular permeability is expressed as amount of UV-
absorbing materials by reading Aus . With Spectropho-
tometer: each value is the mean of three trials.

Lactobacillus bulgaricus ATCC 11842Ht} H 33 o]
o =& 7o g vjepydrh o] Streptococcus thermo-
philus KCTC 21857} Lactobacillus bulgaricus ATCC
118428t} wFAtado] oigh WAle] 7gt Aos
et Aol AAAr} g Ao Alm¥g. A
Abro) ghFAledel e Ex|o] 2 Al go] JAlFEE AL
FZaledo] )&l endoenzymes2] Al FEW R F-H(nt-
racellular retention)o} 7ty 7o 2 Heol HAkd
A Zuto] =3l M(selective permeability)?]2tell &4
& v ZAeE Alado

Hikn MESYe| Fopd HE
Z2red ol 2%} Streptococcus thermophilus KCTC
21859} Lactobacillus bulgaricus ATCC 118422 A
zo} 5344 WstE S4s)7) 9ls) 03% BEAe)
2715 8 7])A broth systemoll A} 244 7F &2t v o=l
FAE F5ske] 0.1M PBSolA] ulkxd ¥ 833
A xA AJE-o] oF2 260 nmell 4 vlAA Y A=
Fig. 29} Zc}.
gZ:Ae) Hrlg 459 AEA AEE Fr)skg
o Lactobacillus bulgaricus ATCC 118427} Strep-
tococcus thermophilus KCTC 218582t} A A o®
We oks 433 Zlog el dEAtde] AR
9] B34S ZrMAFlE S Btk ol ©HF
Abedoll o)a) AAibp AlEere] Ae3 FapAd 7] o]l
Aol A EAAR-So] AFghed ofsiA A AL
2 ye xxoal 0.IM PBSE £&% AR Atuxch
olAbe] Azbe @E4bede] 37]A broth systemol A
At B-galactosidase®] A X R H4-HE A
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= oA A3KTable 3)2t fAFstel o=, oj#gk A
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d54kde]l A7kl #7)4 broth systemel| x| Akt
(Lactobacillus acidophilus ATCC 4356, Lactobacillus
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2185, Lactobacillus lactis ATCC 4797, Laciobacillus
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AFEY B GFatsdel o8l s e™ Stre-
ptococcus thermophilus KCTC 21857} Lactobacillus
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