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Abstract

Bifidobacteria are a prototype probiotic, which normally inhabit the intestinal tract of
humans. In the present study, four species of Bifidobacterium isolated from the feces of
infants were characterized. The tolerance for acid or bile salt, autoaggregation, and
antibiotic resistance of the bacteria were examined. The four species were resistant to low
pH, bile salts, and up to 3% bile acid. Autoaggregation rates were as high as 90%. The
bacteria were consistently resistant to gentamicin, kanamycin, streptomycin, ciprofloxacin,
and nalidixic acid. Due to their tolerance to environmental factors like acid and bile salts,
B. longum MG723, B. breve MG729, B. bifidum MG731, and B. animalis subsp. lactis MG741
are potentially valuable as probiotics and may be useful for industrial application.
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ILZHP| QEIA L &30 nE dF2 FAAZICEN FRt 2HE-S ok Aol TES
SJuRItHFAO/WHO, 2011). ¥HH oz zzHlo] 8= liatEo] sl Foixlte] A,
HASYS} 28, AL, FFEWSY 47 59 7152 2 okl A AtKAlander er
al, 1999; Vrese et al, 2001; Seo et al, 2010). Y¥HHo =2 GAHL GRAS(generally re-
garded as safe) PPIEE 5L §lo], ZEH[O|QEIARA|Y] o] §71X|7} tlf- =& Z o= U
A Qlty. mZHlo]QEIAR 71 Wol o|8E1 Q= W= Lactobacillus®} Bifidobacterium
olm], Taf, ZARE, ikt 88A 5ol AR QItKVrese er al, 2001). PPEEC] ZgH]o]
QEIAE ALE7] flofiit= AFHol gt P/, AskrlelAe] QFgAY, Mz aksEnt e
gl gt 71578 2 Bl thgk 71 Rl 2o gk g0l Hojof sh, A=F7golt AAE
A5 Fof| EAo] FE3| F-A| = ofof gHeHFukushima er al, 1998; Isolauri et al, 2001).
v\ el Al Bifidobaterium spp.)< A ol Ao 2 thekst thatel HIRE 7502 9l
Ao qolgt oz & Y#A AtiPoupard et al, 1973). Bifidobacterium &2 {oloA=
Bi. bifidum, Bi longum, Bi infantis, Bi. breve °| A&, ARlo\N+& Bi bifidum, Bi.
longum, Bi. adolescentis 5°| F&2 HZH T &4 QUciHolt, 1997). H|TE A7 Uut A
At 2] g5 v A =2 AdEE 7L Qlon, frlik A4k BEAA FAT R

T
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IHMaslowski et al, 2009) 5 &FolA o= &S o, I WSS AS7|L
(Guglielmetti et al, 2011), Salldt 9A] @ €% SYAHE 74, HIZE Z-&(Savard er a/,
2011)2 sttt} Bifidobacteria®] probiotic £50] SXHA| QAUAA E&|St Bi Jongum, Bi.
lactis, Bi. breve, Bi adolescentis, Bi. infantis7} F& ©|l&%1l tHSanders, 1995;
Kurmann, 1998).

olo] & IFoA= 3] A%gE ofglo] oA Eejgt vlmuAHY] YA, WeE/dat
autoaggregation 5% 6= &9 ZEHPO|QEAR A3kt o517 ERlstarA} gt

M=z 2 U

HrE 2 HHX|

el AR vlmu A= ZUE Ao S48 HIETE g foH2~15719)9
o 2 5E Fejsto] Aol ARSIt Table 1). 418 BiQHIA= 0.05% L-cysteing 71t
MRS broth(mMRS, Difco, MI, USA)E ARSI 4529 HHL2 20% glycerol stockO &
—70CojA EHsict

e e

2, HlmjgAFZe| S8

B F9] 582 oto] 16S rRNA gene sequencings 40130, 4479 SEL the
universal rRNA gene primers(27F and 1492R)& ARESIATL, ZF 42 SolGent Co.(Daejeon,
Korea)2 530 235t o] & EA4% 16S rRNA sequencing A¥F= National Center for
Biotechnology Institute(NCBD)9] Basic Local Alignment Search Tool(BLAST) analysis
(http://blast.ncbi.nlm.nih.gov/Blast.cg)& 53 Genbank database®} B]ws}o] FA 5.
Sequences PHYDIT 3.1& &5} alignmentE Ao}, o]F MEGA 5.1 softwareE o]&
5t neighborjoining method2 AEFE 2ot Tamura er al, 2011).

3. HjmAHZo| A U HEH LY &l

FeE vy oade] Ay 43 22 AH 9 @5 tigh AeES ERisk] 98l Guol
HH(2010) 02 A9S A5ttt vy HAFFE mMRS BiAJ0] 24A17F BjSE 3, ODgyo 1.02
2 2Asto] A2 mMRS HiR|o] 1% AEsto] 18A17F viFsct. i AR (4,000 g,
4T, 583 T 0.85% salineo]l 281 AlA5}1, ODgoo 1.0 103~10° CFU/mL)2& ZA5}o]
242} AAgaE S5 o] tigt WA Adoll ARSIt ARl digh WS ERlshy] Hste] wlmr A
= 3149 1 mLE 9 mL PBS(pH 29} 7)0]l 7t & ZIgst  37C o)A 3AIRE vt & At
gotsloiet. @59 WAL 0~1% oxgallDifco, MI, USANS E3F mMRS #iAo] Bt Adt
SMAS 1% FEsk, 37000 24417t Bt & AA,E BRIstTh

AN

f =N

. HIZHAFZ2| autoaggregation

Table 1. Bifidobacterial strains tested in this study

Species/ strains Sources
Bifidobacterium longum MGT723 Korean infants feces
Bifidobacterium breve MG729 Korean infants feces
Bifidobacterium bifidum MG731 Korean infants feces
Bifidobacterium animalis subsp. lactis MG741 Korean infants feces
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A AR U] 2238 707 Solsy| 9J5}o] Kassa®l A7H2014)E HEF510] autoaggre-

gation A%S XI3P5ISick. mMRS HiAo] FAF A iRt HiFH-E ODeyo 1.008 £745}0]

M2 5 mL mMRS iAol 1% S 5, 18A1KF vl Addofl AR&SSITt. videt AR

YAE(4,000 g, 4T, 583 ¥, PBSOll 2% A&, ODgoo 1.008 27gste] w5 AN

5 mLE 1027 JEst H 5A7F 591 WRISPHA] autoaggregations ERISIGCE Ag A2 2%

(AO)Q} SAIZE 3 (A), 24 0.1 mLe] A5HS sl 0.9 mL PBSSF &318tH H 600 nmoflA] S8
27 (A0, A)SIRL, tha A4l Wt autoaggregations: AXFSHATH

Autoaggregation(%) = (AO—A)/A0x100

5. H|OCIARZO| SN Z+d Al
FRIA| 24 A8 Clinical and Laboratory Standards Institute(CLSI) guidelines(2006)5
w2} MHA HijA1E ©]& disc methode] 2sf $=3¥5}3itt. £2j9 Bl Ad=E mMRS HAHHA]
oA ¥t &, 10° CFU/mL H=2] FAIE MHA Hix]o] =% &, 44 tA(BBL, Becton
Dickinson, USA)E 3530t} 37ColA 24A17F wiokst & oA|gke] 37|18 mm $Y&E =73}
o] FZA 3| W=t AT ARRSE 3RAA tjAT= 2% BD BBL(Becton Dickinson and
Company, USAAF AECE ampicillin(AM, 10 ug), cefotaxime(CTX, 30 ug), cefotetan
(CTT, 30 pg), cephalothin(CF, 30 gg), ciprofloxacin(CIP, 5 rg), cefepime(CEP, 30 ug),
erythromycin(E, 15 zg), gentamicin(GM, 10 ¢g), kanamycin(K, 30 xg), nalidixic acid(NA,
30 wg), rifampin(RA, 5 pg), streptomycin(S, 10 ug), tetracycline(TE, 30 pg), trimetho-
prim/sulfamethoxazole(SXT, 1.25 ©g/23.75 pg), vancomycin(VA, 30 pg}S ARHEsILY.

6. HILCIAZRO| 54 £4 ol
2 Ao AR HEHAA T F i—i"ﬂ}o] YA 50| §53t HlEH AR E Adsto] aag
& SRIsHITE. mMRS viAlo] HETSE S 37ToA 1847t Y & FAIE F 5t API ZYM
enzyme system(Bio Merieux, France)?] API Suspension medium(2 ml, Bio Meriux,
France)oll 5.0~6.0 McFarland standard(Bio Meriux, France)® &S 99ty API ZYM
strip Z¥2+9] &9 Suspension medium= 65 pL# E5511L 37T 447 52t HigRt &
Z2IE ZRIsIIH.

1, B35 HICAREC| £

A oA Z2Hpo| QEIAR AT #0] FHI} n| gt E 0 R IRHO|QEA HE
o] &r7} A4 4% tkBang er al, 2012). olo] & A tox EHoZRE HEd 5=
16S rRNA B538& 53| Bifidobacterium longum MG723, Bi breve MG729, Bi bifidum
MG731, Bi. animalis subsp. /actis MG7412 Z¥Z} A= AtKFig. 1). E&5o] tigt A2
FH= FARIAENE S Foto] TEelom, B 7] FEiQl A ERIS 4= UK Fig. 2).

2. 22 HITCATZEY| LA U LIS

FAlto] mEnlo] EAR 7152 URISH] R 4k o) 270NN ATk Bk 7L
Bl HHE GARFS 9t 4% Havh EARR: 912 Bk, Fol At el A
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 E— ST
e B animalis subsp. factis YIT 4121

MG731
Bi. bifidum NBRC 100015
——_—_'{: Bi. bifidum KCTC 3202
—————— MG723
L Bi Jongum KCTC3128

[ MG729
e Bi breve DSM 20213

Fig. 1. The neighbor-joining tree that is based on bacterial 16S rRNA gene sequences from different
bacterial isolates in the present study, along with sequences available in the GenBank database.
Numerical values indicate the bootstrap percentile from 1,000 replicates.

Fig. 2. SEM images of selected strains. (A) Bifidobacterium longum MG723; (B) Bifidobacterium
breve MG729; (C) Bifidobacterium bifidum MGT731; (D) Bifidobacterium animalis subsp. lactis
MG741.

A 2F B4 599l Aol =EsfoF 7|54l BIkE YERd 5= Qltk. f4kto] flollA Skt 22
W2 pHollA AEs7] HallA late] oigh WS YeRiof 31 (Sim et al, 1995; Saarela et
al, 2000), FH S35t Tl AE3] Ysirte E7olA BuEls g5 tigh WS Aok
SHDunne et al, 2001). A3 oigt WdAse] A, pH 2014 & @57} 10° CFU/mLol4
9] g YERH oM, MG741(4.01 log CFU/mL)o] 7MY &2 Ad4E Hole A& SRIT
4 AAtHTable 2). AW 9] pHE tieF 3.002 A=, Yukz o= pH 3004 3A17F oAF
g FAGH AMe] =2 WS Hol= Ao d#A AtHGuo er al, 2010). Mishra®l
A72005)0] wpEE ZEHlolegAg AME= off] FFE0] pH 2014 YukEo g 10 CFU/mL
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Table 2. Effect of pH and bile salt on the survival of selected strains

Selected strains pH tolerance” Bile salts tolerance?
oH 7 oH 2 0% 0.3% 0.5% 10%
MG723 7.52+0.03 2.041+0.14 9.30+0.05 7.00£0.04 6.26£0.05 3.00£0.03
MG729 7.39+0.08 2.10£0.12 9.34+0.08 8.72+0.05 4.00£0.11 1.8920.02
MG731 7.38+0.05 2.00+0.06 9.24+0.02 7.01£0.08 4.01+0.07 2.08+0.05
MG741 7.33+£0.04 4.01£0.02 9.14+0.04 7.96£0.02 7.7740.06 6.67+£0.15

" The pH tolerance results are shown the viable counts (log CFU/mL) of each isolate at pH 7 and pH 2 for 3 h.
% Bile-salts tolerance results are shown as the viable counts (log CFU/mL) of each isolate at MRS media with 0% and 1% Oxgall at 37C for 24 h.

44 | J Milk Sci Biotechnol Vol. 37, No. 1

olsfe] AFrE Hols A &RIF 4= 912, Lankaputhra and Shah®] A-H1995)° m=H
9%9] vl gAY pH 1.5~3.000149) WAMSONA B bifidum, Bi breve, Bi adolescentis
= Wilgo] - kst B sty Qlet. ofof] B AtollA AR H|T T AFEe] H9- Aol

ol S WSS AT e e BT 5 ATk
R I G < S S ] A 05l 65 s

&3l Ud= ERlst=tl(Gilliland er 984) Maslowski 5{(2009)2] o]l ofshd H|w|E| A
FEZ Gt AN 2] 59 1 2 WS 7L = Ao=E IR itk 2 Al
A ARG HlEE At EE 0.3% %ﬁ?‘a SEol|A B 7.67 log CFU/mLY] Wi$- &2 A4S
Hoj &5 dish i 3t WS Hols A& RIS 4= QthTable 2). MG 741459

% 1% B EoAE 6.67 log CFU/mLE HE H|uHAFSTE3} H| oo} v =2 WA
S Y= AL g918t 4= Utk Clark and Martind2] €71994)0] W=, 1% oxgall =o]
A REEE v|wst 23}, Bi bifidum, Bi. infantis, Bi. adolescentis= 12A17F & AE5HA] 59
Fdow, Bi longumS 12A7F T =& AFLE Hejrhy B uslka Qloh

3. 22| HmHARZ9| autoaggregation
nEHPo| Qe AR AMEE R4S A, AUolA A&H o Ag5t7] fleiA A Alxof FArg
4 Q= AlxRakso] 9 HHLin er al, 2006). Autoaggregation 522 ME Fa5-S 74
o2 FIEH 4= gl HhHo R Kos(2003)2] dAT ol WEH, autoaggregation SE0] =&
F7E AA| Al B2 ESE =0l GEA Sl 2 AtolA ARG R E AT theh A
—,—ZW2 slol5}7| Y3) autoaggregation "E]%ﬂ% Z1gtIthFig. 3). BlH Tl Awo] tigt auto-
aggregation 2= Bt 96.2%% - =2 autoaggregation 53 EHOH, MG723 w57}
99.5+0.03%% 7F¥ =2 autoaggregation 532 YEFHQITE Malike] A+-27K2013)0] ut=
H FAREE9] jn vitro O] autoaggregation®] &F 70%%E WEFEOH, in vivo AFe] AT Ao
A9 BREE 50%E in vitro /9] AR} in vivo /4] A7} A= 0] Q= AR A Sk

4, 225 HLEARZO| SHAIK LIA
QAL TaHloloEARA foldt ZHolAe] 4} tEo] |sliddo o Aol T

|
gRolsf| Kook §lt}. Z Streprococcus, Lactobacillus 5°) AWH Y & T 49H 702
B 1(Oakety er al,, 1995)=%=d, A 9 2|59 £H0 & AL Y= FABAY et

S Z7hEEA A TARE SArES] GAA) Wk B §AAole] dhet et el
Sict. Helel vlsel i 4% ool B4R Y S Table 30 2tk RA, E, VA, AM, CEP

oA TR AlEE AL 21T S A GM, K, S, CIP, NAOK: e ekl Ae
3J91% 4+ 9L, Ann] AFATH011)0] TR, WT|EATRES AT 4 ARl WA
A ) el 75401 £7, cephalosporinAlE Z540] £ A= eiA S,
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Fig. 3. Percentages of autoaggregation (%) of selected strains at 5 h. The results represent the
meansxSD of three independent experiments.

Table 3. Antibiotic sensitivity and resistant activity of selected strains

Selected strains

Antibiofics  (g/disc) MG723  MG729  MG731  MGT741

Sulphamethoxazole-trimethoprim (1.25/23.75) R R R S
Tetracyclin (30) S R S I
Cephalothin (30) | R S S
Gentamicin (10) R R R R
Erythromycin (15) S S S S
Vancomycin (30) S S S S
Ampicillin (10) S S S S
Rifampicin (5) S S S S
Ciprofloxacin (5) R R R R
Cefotaxime (30) S R S S
Cefepime (30) S I S S
Cefotetan (30) R R S S
Nalidixic acid (30) R R R R
Kanamycin (30) R R R R
Streptomycin (10) R R R R

S: sensitive, |: intermediate, R: resistant.

A JAAIAIR] aminoglycosideAol= tH-E H/d& HER®, DNA SHdAsiAIl F=dA
of tisiAe ol It Aoz Husal Qi

5. Bifidobacterium animalis subsp. /actis MG7412] A2

o vy AAT S AV @50l Widol 9tk MG7419+2] BAdS S4s191oH,
Table 49} Zo] 195579 &4 % 35 Leucine arylamidase, Naphtol-AS-BI-phospho-
hydrolase, A-glucuronidase)®] &4&4Jo] ERIEIt. Leucine arylamidases HEl]|E 7k
2o aaolH, 34, AEZAAL W A ZEHo] Hofoh= p-glucuronidaseE &40l =
A& gRlstch

=

ol
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Table 4. Enzyme activities of Bifidobacterium animalis subsp. lactis strain MG741 by APl ZYM
analysis

Enzyme Result
Alkaline phosphatase -
Esterase [C4] -
Esterase Lipase [C8] -
Lipase [C14] -
Leucine arylamidase +
Valine arylamidase -
Crystinearylamidase -
Trypsin -
a~Chymotrypsin -
Acid phosphatase -
Naphtol-AS-Bl-phosphohydrolase +
a—Galactosidase -
B-Glucuronidase +
B-Clucosidase -
a—Glucosidase -
Bet-Glucosidase -
N-Acetyl-beta-glucosaminidase -
a—Mannosidase -
a—Fucosidase -

2z

2 A= T fotella] 23t BlH B A FE S5 ZEH|QEAR ARG 7HsA4E ERIsH |
sl AL HEE, A7 9 8A Wdell gzt A-E skt 22 Bl uAd= 16S
rRNA sequencing 23, Bifidobacterium longum, Bi. breve, Bi bifidum, Bi. animalis
subsp. Jactis? SR CH, BF A7375AEY 7€ 2 40 SAE ] Aol YSE
e TR RIFEG EE BlyuAdEe AMIE @50l iRt ol f<4sieien,
autoaggregation 50| Bt 96.2%% AU F2Ho| =5 Zlojg} AlmHrt. 2 o] ARgH
HI N AGFES A Al AUE S Blusih T 563 ZEHP|QEA 715/dE Ho1L
Qov], g5 meujooElA A ol 2a3 AdAloRE BEE 4 UL Aolzt slrhe
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