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Viability of Bifidobacterial Strains against Acid, Bile Acid, and
Oxygen Exposure

Kwang-Sei Lim* and Chul-Sung Huh
R & D Center, Korea Yakult Company Limited

Abstract

Survival and stability of 19 bifidobacterial strains included 13 isolates from Korean infants against acid, bile
acid and oxygen exposure were examined. Acid resistance of selected strains at pH values of 4.0, 3.0 and 2.0
was tested. Among the bifidobacterial strains tested, B. bifidum B3, B. longum D6, and B. adolescentis F1
exhibited higher viable cell counts exposed to acid whereas other strains had various results. The abilities of the
strains to grow in the MRS broth containing 0.2% thioglycolic acid and 0.2% oxgall were tested and the
tolerance of B. bifidum B3 and B. longum D6 to bile acid were higher than that of others. Even though in same
species, the tolerance of tested strains to bile acid were variable. Stabilities of tested strains to oxygen exposure
were variable and B. bifidum and B. longum strains showed relatively higher viable cell counts after 48 hours
exposure to aerobic incubation. These results demonstrated that the survival and stability of bifidobacterial
strains to acid, bile acid, and oxygen exposure were variable and strain-dependent. Due to their tolerant ability
to environmental factors like acid, bile acid, and oxygen, B. bifidum B3 and B. longum D6 had good potential
properties as probiotic cultures and may be useful for industrial application,
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HNEH o7 drg-f AFol= Lactobacillus delbrueckii subsp.
bulgaricus 9} Streptococcus thermophilus7} F2 A}&% o] gk
ok 2ol AAS A #Eel Wi A7t dEiRn
probiotics2] <1 A7 =7 Flo| gk AF7} Zol| 23
YA QA gfel BAsHs RAFE FoIA] Lactobacillus
acidophilus, L. casei, Bifidobacterium spp. $-°} W H-F A%
4 starter2 F2 AH8¥ 1 UvHRasic?} Kurmann, 1983;
Buchenhiiskes, 1993; Scheinbach, 1998; Arunachalam, 1999).
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ifidobacteria 7391 R Hol|A] &A)
7% frof 1599 EorRy e
FAFa BES 134 T T4
3 A Lo R = 4] w5 T F 1971
oTE /“?ﬂoﬂ ALE-3l tHTable 1). A TF2+ Bifido-
bacterium infantis ATCC 15697, Bifidobacterium longum AT-
CC 157072 American Type Culture Collection(ATCC, Mana-
ssas, VA&l FAste] ALgslach w3 Adad o s wof
¥ 11 Q)+ Bifidobacterium animalis subsp. lactis BB12¢}
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Table 1. Bifidobacterial strains tested in this study

Species / strains Source

Bifidobacterium bifidum Al Korean infants feces

Bifidobacterium infantis Bl Korean infants feces
B. bifidum B3 Korean infants feces

sz‘idobacterium longum D2 Korean infants feces

B. longum D4 Korean infants feces
B. longum D6 Korean infants feces
B. longum D7 Korean infants feces

Bifidobacterium breve El Korean infants feces

Bifidobacterium adolescentis F1 Korean infants feces

B. longum H4 Korean infants feces
B. breve M1 Korean infants feces
B. bifidum N3 Korean infants feces
B. longum N4 Korean infants feces
B. infants ATCC 15697 Human
B. longum ATCC 15707 Human

Bifidobacterium animalis subsp.

ial cul
lactis BB12 Commercial culture (Denmark)

B. bifidum BB46 Commercial culture (Denmark)

B. infantis 877 Commercial culture (USA)

B. longum 2 Commercial culture (Germany)

33)%] A 268 A 45(2006)

Bifidobacterium bifidum BB46(Chr. Hansen A/S, Hersholm,
Denmark)#} B. longum 2(Wiesby Laboratorium, Niebiill, Ger-
many) 2 B. infantis 877(Rhodia, Madison, WI, USA) 5%
ZE gAIRRE B9 woli] ARS-SIATH

Ao Alg¥ bifidobacteria:
modified BL broth(Teraguchi <, 1978)2 AR&3}a 37T oA
18~24A17F wijeksld o, A4 Hof 23] o]e] Alth wiek
= B3 g¥s T 2 Fol ARE3A: &F e ¢
F7A o] 28 % bifidobacterial paraffin oilo] 2% modi-
fied BL brothol] 18A]7F vlle}3F & 3,000 rpmol| A 2087+ &
AlE-2](Union 32R, Hanil Science Industrial, Korea)d}a. 4%
A8 3% sodium glutamateZ} T--H 12% B T4 E@X)F
2 X gksle] —70C deep freezer(MDF-U6086S, Sanyo Elec-
tronic Co., Ltd. Japan)ol| R¥SIHA A& Al&3}5 )

paraffin oilo] F3%

LHakd

A @3] AL Berrada 5(1991)] HPH-E 7| A18}
o] AR5} ). Paraffin oilo] $2 % modified BL brothel] #)|
e st %’E‘a go| ol Ad AFE 0.2% yeast
extract7} TTH 12% EA] ol 3%(v/v) St 37ColA
24012t wIRiEh. of 27 wekelel 125 N HOIE A7k
o] Z¥Z} pH 4.0, 3.0, 2022 238 T 37CelA 243t
SAEEA X7 HH o2 A2 QHEA AHE A
£ W71 FHAOchi S, 1964)% AHEstel A UG 5
BL agar(Difco Lab., Detroit, MI, USA)el| =23d} steel
woolX} 17| anaerobic jar(FA-12, Hirayama Manufacturing
Co., Tokyo, Japan)ol ¥ 31 CO, 7}~5 23] X|&3F T 37T
A 297t Fr1H oz wiget & Yool HIE Ssin
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& modified BL brothol| A 37C, 18A]3} wj k3l
00 rpmol| A 2043t A4l Eejste] dAE 3Tkt
A= AeA A 23] AAEE T AHEE
2 257} 2k 10° cfivmLo] H %= 0.05% L-cyteine JHCI,

0.2% thioglycolic acid(Sigma)9} 0.2% oxgall(Difco)e] zhz}
&-4-¥ MRS(Difco) brothel] FZ8te] 37°Col| 4] 24417} &17]
Ao ujFehaA 4zt 2HH o2 ARE A F Bt 620 nm
oA FHEE spectrophotometer(Lamda 25, PerkinElmer,
USA)Z 27 slSit.
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A3 #FE paraffin oile] $% % modified BL brothol| A
37°C, 18AI1ZF Hll&Fsla &7] Moz 4%l 8]43le] BL
agardl] =TTt A FF7} HEH plateE 37Tl A] 48
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Fig. 1. Survival of B. bifidum Al in various pH conditions.
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. Survival of B. bifidum B3 in various pH conditions.
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Fig. 3. Survival of B. longum D6 in various pH conditions.

Bifidobacteria 107} #33- 0.2% yeast extract7} 7%
12% SAGOIA 20413 MR B viokls] pHE 212}
pH 2.0, 3.0, 4002 2A3ka 37ColA HA18tRA 48
Fo| AEY S SHBIATE pH 4028 2 E g 7
S, A FF 25wk 22 gl WHEvt A
gilont, pH 3.0%} pH 2.0+ 3% AIE Fig. 1~10
o ek Az Bol 47 Tl chek kS DB A5HE o
BT A3 F3E FollA] B. bifidum B3, B. longum D6, B.
adolescentis F18] U2 o] 714 973l pH 3.03} 4.0004 &=
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Fig. 4. Survival of B. longum D7 in various pH conditions.
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Fig. 5. Survival of B. breve El in various pH conditions.
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Fig. 6. Survival of B. adolescentis F1 in various pH conditions.
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ig. 7. Survival of B. longum H4 in various pH conditions.
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Fig. 8. Survival of B. breve M1 in various pH conditions.
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Fig. 9. Survival of B. animalis subsp. lactis BB12 in various
pH conditions.
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Fig. 10. Survival of B. infantis 877 in various pH conditions.

o] pH 1.5~3.0014 2] Watd-& A|ge 23, B. longum?} B.
pseudolongumo] WAt o] 713 2<=3}a] pH 3.00]4 34]7¢
v Fahe 7ol = AP SER] @k3kovY, B. bifidum, B. breve,
B. adolescentis'= 142 do] vl|$- <kslctn B 1t Clark
$(1993)& B. infantis, B. adolescentis, B. bifidumZ ©]-&3}
o] pH 1.0~3.0914 9] AFEE&E FH3 29, 48 a5 =
5 pH 2.0 o] /Fol A= vl g 3R] A9 AbEeHA] e
o 3}g e, bifidobacteria oA WAk o] 71 -3
B. longumo| TR Fe| A|Zo HFsltia Hudtd =
g Ahn F(1999)2 Al# LERF AFH BHE LERF
starterol] A ¥-2] 3+ 9% 2] bifidobacteria®} 3€2] ATCC o5
(B. bifidum ATCC 11863, B. longum ATCC 15707, B.
infantis ATCC 15697)dl] thate] AHAS vl gk A3}, A
803 o|&H L bifidobacteriad] W4Hdo] Egitta B
239 th. Madureira $(2005)& 7&9 A4 bifidobac-
teria$} lactobacilli #F2 A2 Q% A3ldor]e] A
=8 33 A=, WAdL E(species)ol]l WE 7 Fo]
Holx| gfar straino] we} g Aolg ARE vehdtin
H313}% ) 3 Matsumoto S(2004)2 1771 2] bifidobac-
teria TFE WHLE WAE S A8 29, #FEde
Zol &g Wi Agke] vebdtla stgow AdETF
Zo| A B. lactis®+ B. animalis7} YA o] Z3slc}t 3 st et
w3k o]8] 3t WAL H-ATPase &8 7} o] Quky B

23T

=HEL Ul

Bifidobacteria TF52 0.2% thioglycolic acid®} 0.2% oxgall
o] ¥ MRS brothol A} vjFalir FET W& AP
A3} Fig. 11~1300] e whs} o] F3ol) w2} S5t
L A7t IA vEhth TFel mE gEate] A At
ol B2 ghgkom, Wlabdo] S5 B, biidum B3 B
longum D67} FF4 el et A A A vttt o] 2
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Fig. 11. Growth of B. bifidum and B. infantis strains in MRS
broth containing 0.2% thioglycolic acid and 0.2%

oxgall.
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Fig. 12. Growth of B. longum strains in MRS broth containing
0.2% thioglycolic acid and 0.2% oxgall.
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Fig. 13. Growth of B. breve, B. adolescentis and B. animalis
subsp. lactis strains in MRS broth containing 0.2%
thioglycolic acid and 0.2% oxgall.

= Madureira $(2005)8] B u9t% FALS A 8-S
o] A1F A7} FFd dEH o2 wE2A dF oM W

wFo] Hrjgte 4E&e] ¢
o Hpalch ®=3 gPE o B infantis 877, B.
longum 2 2 B. animalis subsp. lactis BB129] &4 A=
=) Vebdrh Gilliland9} Speck(1977)& 0.15% oxgallo]
7FE LBS uiA| oA @it iAol Sle S Aed
slow, o] GFA FxolM AT 7HEd TFTe] el A
A2 4 gtk &k Clark® Martin(1994)2 B. bifi-
dum, B. longum, B. infantisS} B. adolescentis’Z 2%} 4%<]
oxgallo] e SR FFdt] 37CAA 1243 ik
Fof| AMEZEE ¥\wet 23, B. bifidum, B. infantis, B. adol-
escentis’= A} ZER] E3A| T B. longum2 W]k 12A]7F 3o
z7] A2 80% ool B AEEE Hvkn ¥t
Fom, Ahn 5(1999)2 1%} 2%2] oxgallo] 3H+-€ 0.05 N
phosphate bufferol| A F&54F W3S S48 A3, LEHF A
FollA 22§ B. longum TF5°] ThE Tl vlste thi
=

=
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Fig. 14. Oxygen susceptibility of B. bifidum and B. infantis
strains.

Each strain was pre-incubated for 6, 24, and 48 hours under
aerobic condition at 37°C. They were then transferred to anaerobic
jar and incubated under anerobic condition. They number of
viable cells were counted after 48 hours incubation.
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W B. infantis 877 === B. infantis ATCC 15697
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Fig. 15. Oxygen susceptibility of B. longum strains.

Each strain was pre-incubated for 6, 24, and 48 hours under
aerobic condition at 37°C. They were then transferred to anaerobic
jar and incubated under anerobic condition. They number of
viable cells were counted after 48 hours incubation.

[ B. longum D2 B. longum D6 B. longum N4

BB B. Jongum?2 E=== B. longum BB4A6 MO B. longum ATCC 15707

10

Log. number of viable cells/ml
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Fig. 16. Oxygen susceptibility of B. breve, B. adolescentis and
B. animalis subsp. lactis strains.

Each strain was pre-incubated for 6, 24, and 48 hours under

aerobic condition at 377C. They were then transferred to anaerobic

jar and incubated under anerobic condition. They number of

viable cells were counted after 48 hours incubation.
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ol FE Eole o] Wig- Fasi, 53] Wi 2719 &
& A4 2L bifidobacteria®] Ao wl$ 2 J¢FS Foin

By =9 vKlaver 5, 1993). Bolduc 5(2006)< bifidobac-
teria 8FFE IR §F 2hAel de S AEs
e, AREF7H 107 cfuml FEO2 FHE it $fsh
2] A g AFRA £F L T 7|89 110 FEo R
Yokl S48 W nushA A5 A8E 298 29,
§F Atk TR WE yEso zole HEFEHA L,
AT wt v $- ol 2RE etk B md}
G} o123 A3 L v E bifidobacteriaZ} F7|4 TFo]
71€ BAEE B dFoM e Alhdd tid 542 43AE
e §4 9 AAE 2astn 7] WRolgtn Husl
S TtHAhn %, 2001, Talwalkar®} Kailasapathy, 2003). Shin¥+
Park(1997)-& 69 bifidobacteriaZ o}-&3}ad 20X 7M7R] &
Aoz W Fo| BRre WS 23 A, B
adolescentis ATCC 15703 A| 9|3+ UM%} 55L& A9 Al
32 @skoH, o w7t thE dFEd HlE|iA NADH
oxidase 2} NADH peroxidase] &Alo]| vl Yfvia R s}
%t Ahn 5(2001)2 AbgEe] oA Abaol] WAdo] sle
B. longum 5 ¢F5 E2ls] 2t #F9] @3l o847
A ze o] Auihg #Ag A3}, dbhe] w28 7ol Ak
of thgt ol 7|2t e g Alxy A Ao ghA Algol &
o}x] 11, cyclopropane fatty acid?] 9,10-methyleneoctadecanoic
acid®] oFo] Z7}3}1, oxygen stress proteino] W T K
s

3719 AnE FF3 E o F7A FolellA Feld 13
Ne} A& FoA B. bifidum B33} B. longum D6 TF57}
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A AF Azl AHEEHR e 4HE o3 v =
T 48 E vehliol AdE FTEoEAM A s

< AAjeigc
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2 o

gl frotall A £2lgt 137 @55 T3 1970 bifido-
bacteria TF5 GO R Al FF4F 2 Ak =E3A] AT
Fo] WglE 33t WA pH 4.0, 3.0, 2.001A 24|
WA SRR, A REoh o) ol @ AnE
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£ 0.2% thioglycolic acid9} 0.2% oxgallo] &7 MRS #j%]
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