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SUMMARY

Subject 1: Development of Culturing Method of Bifidobacteria

and value-added dairy products

1. Purpose of Study: In order to develop the value-added dairy
products containing either B. bifidum Bb-11 or B bifidum K-7

bifidobacteria-loaded microparticles,

2. Results and Conclusion: Both bifidobacteria were massively grown
and stimulated at optimal condition then micrparticulated by air
atomization with sodium alginate poly-/~lysine. To evaluate the
employed bifidobacteria, the B. bifidum K-7, selected by this
collaborative research project was compared to the commercial B,
bi fidum Bb-11. The growth of B. bifidum K-7 and B. bifidum Bb-11 in
MRS broth containing L-cysteine « HC1 0.05% were respectively 1.3x10°
and 6.3%x10° at 24 hours, indicates no difference. However, in the
culture based on whey, the growth of B, bifidum K-7 was 1.7x10% at
24 hours which was inferior to 1.9X10° of B. bifidum Bb-11.
Therefore, both bifidobacteria were employed in the experiment to
develop value-added dairy products. '

The experimental 12,7% sterilized market skim milk was simulated
with commercial skim milk powder. The experimented fermented milk was
cultured with commercial yoghurt starter culture B-3. Finally the
experimental ice cream was made from commercial ice cream mix,

After individual addition 5g of either B, bifidum Bb-11 and B.
bifidum K-7 microparticles into each 200m¢ of the experimental 12.7%
skim milk, fermented milk and ice cream mix, the skim milk and
fermented milk were stored at 4°C while the ice cream was stored at
-20°C. The number of live bacteria, pH and titratable acidity in each

product were measured every 4 days during 16 days of storage. During
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the storage of bifidobacteria added experimental skim milk, the
initial number of live B. bifidum Bb-11 and B. bifidum K-7 were
respectively 1.6X10" and 2.0x20° then changed to 5.8X10° and 4.0X
10° after 16 days, indicates relatively good survivability. And the
pH and titratable acidity were also nearly unchanged for 16 days.
This result proved that the commercial production of so called
bifidobacteria containing milk is technically feasible.

In the fermented milk containing B, bifidum Bb-11 and B. bifidum
K-7 microparticles, the initial pH was 4.95 and the initial
titratable acidity was 0.8 %. At 16 days, the pH and the titratable
acidity in the fermented milk containing B. bifidum Bb-11 were 4.62
and 1,07% while those in the fermented milk containing B. bifidum K-7
were 4.60 and 1.02%, respectively, However, the number of live B
bifidum Bb-11 and B. bifidum K-7 were zero at 4 days and 8 days of
storage.

In the ice cream containing B, bifidum Bb-11 and B. bifidum K-7
microparticles, the initial number of live bacteria were 4.1X10° and
4.0X10°, but at 16 days, those were 4.1X10° and 3.1x10°
respectively. This showed no difference in number of live bacteria
through the storage period. In addition, the pH and the titratable
acidity were almost similar, Based on the results, it is likely that

ice cream containing bifidobacteria microparticles also can be made,

Subject 2: Preparation and Evaluation of Bifidobacteria-loaded

microparticles

1. Purpose of Study: To develop bifidobacteria-1oaded alginate

poly-/-lysine microparticles using air atomization method.

2. Results and Conclusion: The optimal survival of bifidobacteria

-12 -



loaded in alginate poly-/-lysine microparticles during freeze-drying
process was established., Thereafter, the survival and stability of
bifidobacteria loaded in alginate poly-I-lysine microparticles was
widely investigated as a function of pH, dissolution time, media and
storage condition. Finally, the changes of microorganisms such as
bifidobacteria, lactic acid bacteria, enterobacteriaceae and
staphylococci in feces after oral administration of
bifidobacteria-loaded alginate poly-/-lysine microparticles to human
volunteers were investigated in addition to physical status of feces.

The mean size of bifidobacteria-loaded alginate poly-/-lysine
microparticles was ranged between 80,1-92,8 um. The
bifidobacteria-loaded alginate poly-/-lysine microparticles were
prepared by changing concentration of alginate solution (1.5%),
spraying air pressure (0.75 bar) and delivery rate of alginate
solution (8 ml/min). The bifidobacteria-loaded alginate poly-I-lysine
microparticles were irregularly and roughly spherical in shape but
had wrinkled surface, The bifidobacteria-loaded alginate
poly-I-lysine microparticles were small sized and free flowable,

The survival of bifidobacteria loaded in alginate poly-I-lysine
microparticles was optimized when the formulation containing 0.5%
yeast extracts, 5% glycerol, 0.5% NaHSO; and 1% Mg3(P0s): was used.
The moisture content was also important to influence survival of
Bifidobacteria during the freeze-drying process. The optimal
freeze-drying time was estimated around 14 h,

The survival of bifidobacteria loaded in alginate poly-/-lysine
microparticles was highly dependent on dissolution media, pH and
incubation time, When the bifidobacteria was immobilized with
alginate or even poly-I-lysine treatment, the survival of
bifidobacteria was highly enhanced in the gastric fluid for 120 min,
showing over 10 cfu/g. The bifidobacteria-loaded alginate
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poly-l-lysine microparticles maintain their survival over 107 cfu/g
after storage for 16 weeks.

Bifidobacteria-1loaded alginate poly-i-lysine microparticles
significantly increased survival of bifidobacteria in fecal
microflora in human beings when compared to bifidobacteria cultures
as a control, It was evident that the microencapsulation improved
resistance of bifidobacteria to gastric acid. However the survival of
fecal lactic acid bacteria, enterobacteriaceae and staphylococci did
not change significantly after ingestion of bifidobacteria products
during the study period. Bifidobacteria-loaded alginate poly-/-lysine
microparticles had a tendency to increase the frequency of stools.
But the amount of stools was not changed. The viscosity of stools was
also significantly decreased during the study periods,

From these findings, bifidobacteria-loaded alginate poly-/-lysine
microparticles could be use to deliver bifidobacteria to the colon
without losing their viability in low pH conditions, The current
microencapsulation method using air atomization technique provides an
alternative to entrap bifidobacteria without using harmful organic
solvents, The bifidobacteria-1oaded alginate poly-I-lysine
microparticles could be also used in the dairy products to deliver
bifidobacteria to the colon without losing viability significantly in

the low pH condition.

Subject 3: Effect of Bifidobactria on Intesitinal Immune

Function

1. Purpose of Study: Bifidobacterium is regarded to be stimulatory
for overall host immune responses, However, its exact role in the
systemic and mucosal immunity is largely unkown. This study was

performed to determine the role of bifidobacterium in the systemic
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and mucosal antibody response

2. Results and Conclusion: We first examined the direct modulatory
effect of bifidobacterium on the synthesis of antibodies by murine
spleen B cells, Whole spleen B cells were cultured with
Bifidobacterium bifidum or Clostridium perfringens (Welch’s bacilli,
negative control) and antibody synthesis was measured by ELISA and
ELISPOT assay. B. bifidum, but not C. perfringens, substantially
increased the total secretion of major Ig isotypes as well as the
number of IgA-secreting cells, In addition, B. bifidum increased the
proliferation of spleen cells by 3-fold while C. perfringens had
little to diminishing effect on it. These results indicate that B.
bifidum increased lg synthesis through its mitogenic influence on B
cells. Further, B, bifidum induced spleen B cells to be reactive to
TGF- 81 and IL-5, resulting in the increase of surface IgA expression
(=3-fold) and total IgA production (>20 fold) but not IgM and IgG2a
isotypes.

As much as seen in spleen B cells, B. bifidum increased IgA
production by mesenteric lymph node (MLN) B cells, In addition,
peroral immunization with B. bifidum enhanced number of IgA secreting
cells in MLN. Subsequently, we found that this modulating effect of
B bifidum is owing to its ceil wall components., Further, it was
found that perorally administered alginate-encapsulated B. bifidum is
more potent in the increase of IgA expression by MLN B cells than
unencapsulated B. bifidum,

Finally, we examined the effect of B, bifidum on cytokine
expression, Peroral immunization of alginate-encapsulated B. bifidum
increased mRNA level of TGF-B81 in MLN cells,

Taken together, these studies indicate that B. bifidum can act as

a LPS-like polyclonal activator for B cells. Furthermore, the fact

_15_



that bifidobacterium enables B cells to respond to TGF-A81 and IL-5
for the IgA production has important implications in the primary

defense against pathogens in the gastrointestinal tract,

Subject 4: In Vivo biological activity of Bifidobacteria

1. Purpose of Study: The purpose of the present study is two fold. 1)
To develop the molecular biological methods to identify and
differentiate species and strains of bifidobacteria, 2) To examine
physiological characteristics of bijfidobacteria which are important
as probiotics and the in vivo effects of bifidobacteria and

microencapsulation on fecal bacteria and serum cholesterol

2. Results and Conclusion: 16S rDNA ribotyping, restriction pattern
of PCR-amplified 16S rDNA, and SDS-PAGE of whole cell protein could
be used to identify species of bifidobacteria, B, infantis strains
and B. bifidum strains were tolerant to acid and bile acid,
respectively. Commercial cultures of bifidobacteria were tolerant to
both acid and bile acid. B. bifidum K-7 were tolerant to both acid
and bile acid. All B. bifidum strains adhered to Caco2 cell better
than other bifidobacteria. The protein with molecular weight of
40,000 which bound to Caco2 cell seemed to mediate adherence of B,
bifidum Bb-11, Feeding of rat with milk and fermented milk containing
B. bifidum K-7 decreased counts of clostridia and increased counts of
bifidobacteria in feces. Microencapsulation of B, bifidum K-7 did not
affect the bacterial counts of the feces. There was no change in
serum cholesterol due to feeding of B, bifidum K-7. Feeding of rat
with milk containing microencapsulated B. bifidum Bb-11 and fermented
milk decreased serum cholesterol but feeding with B, bifidum Bb-11

without microencapsulation did not.
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Al1AE A

A 1A ATARe B3

SAEL FUMNYsto] thEsld {IHEF AFY BRYE YA ¢
58 A4 og wWAAF 7] gl E ML FAEY Ade] Hd €
K35t}

Bifidobacterial ] 3] ojAELY FAdx], |Yrlse Z3, ¥
g cholesterol A3} A3} 5 W A% F3 A3t de o= wdA
Ha) AR LYAFA R ol o]-§o] HUstA o|Foix|a gltrh
231} bifidobacteriatls FEZ2 HIgola o]AF FAY o] +H/
KA Zo| M TIE FArE vsly FEY} VBEE FAF] o ¥ o}
val J&stn 9= bifidobacteriad 4d3|%cta slos Yzt ©@F e
72 A stol A i APEE7] wj&Eofl bifidobacteriaZt $1& F=t
st 233 el =ested Ao ARFd AAE /A= ufe
o{jrt,

wjeb bifidobacteria®] 2]d ¥|A715& $E3] LUHN7 HsidAE
bifidobacteriag Xu|AlFE2 ARt ZE AIRAY $ld& TSI
JRAE BY 4+ Y& Wl Wasich

B o= air atomization ¥WHIH O Z bifidobacteriag sodium alginate
poly-I-lysine microparticles& ==X, ME L R[AEFE Mdstzn
bifidobacteria®} Zu|M|F=Z A R3% bifidobacteriac] cisto] HHHF
3 Azl B4 FESH] 9t AdAjstdActh

# 2 A g Hel

o] A1E AH O T F3}st7]| sty A 1 AEAA 2 A"l 7}
A AP bifidobacteria FFE WAt RulAFE ARsl HgHL
2 o]&s}7] 15t sHFo] A @R w2 HFujg 2JE HYslo MY
3} bifidobacteria® A 2 MF2}A|2] bifidobacteria Xu|AL HZE ¢
3lo] TFolgdoen ZXu|MqEE AHRXE bifidobacteria microparticlesS
A7h Al LdEG R olo]AAHL ARSI MEL FAE AEE A
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= sttt
A 2 AFAAME A 1 MEAAH HAzAcT wok TIY
bifidobacteriag& 7] ZAF WHE B85 bifidobacteria ZoAlZ |
23RS YL,  AFHYAN  UE dBAHE  myteiy
bifidobacteria microparticlesE Algol|Al H-8A|A A FZ23}oj 1|
A= g AEstach

A 3 MIF-RA oM bifidobacteria®t Zn|A|F bifidobacteriagl W
B4715& APt ol & $18to] in vitrool A bifidobacteriac] )%t
B cell®] ¥, Y B celld] N30l nlX|= B, bifidume] ZL3},
B.bifidum®] FF5o &3}, B bifidum®] SNYY F= QB By, 2
oMl B, bifidun®} F7HFi7t BAde) nlxe A3} U B bifidune)
cytokine - = E 5o thdld A3 KA} 5],

g5 2HAlol M= bifidobacteriad] BH2 E/FE It ExMgets why
g Ay, AIFA=ZAMY Fay FFo ¥Xol FA FF Y
bifidobacteria Zu|Alto] iyt £F%H3le} ¥A cholesterolo] gt
Z3E 97 sty
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N 2 Al Bifidobacterial| H{|QYH I} S A ZS

&t

A 1 d ALl wet £ Aol E3E
Bifidobacterium bifidum Bb-112] A3 o]

o x| = 3k
1. 4 &

g G4 2o A7 71A] FH2Egol e
£ ZoER AR ot oY AAES F=E #

W, f SollA thddtA Uvehta glend, 2 uyisn
g 713t Aol wWrh $REUAL e AFIHAAE: d £33
Z vty BelUEE JMxe peptided 431, Hiof &3t ™
T EES AT XA opnatr) 7t At EE gy six 8
2y 715780l &A Ueld 4 2t} Kehagias $(1977)0] £-§ casein
NHEMEZRE @2 peptideRYEo| B bifidun®] & FA¥rln
B3g oz, SR @AY Zo] tiste W A7t AYE o] Yr}
&t BHu el Lol wehde) Aart AAlA Eey
bifidobacteria®] A& FAYUCE dFRIIE d2o(Pochg}
Bezkorovainy, 1988, 1991: Petschow®} Talbott, 1991), Poch&}
Bezkorovainy(1988) R-§-8] SA3 BTl €8 casein A¥EZ} anFHE
o] bifidobacteriad] FAXHVEI7} o Fcrlil g, trypsin A gt
x -casein E3JEo] $7 casein AAFEHSFo|A bifidobacteria FA
AFZ}7F 713 431ct st th(Poche} Bezkorovainy, 1991). Proulx &
(1992)2 casein EINEEFE Lol peptide’} FeE|otu]|iAitRrt
bifidobacteria] A&z g 27} Sl Bl on, Cheng=}
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Nagasawa(1984)& ®AFF 1,100 ~ 2,300Da '#9]2] peptideS-& Z A2
#ixX]Q) Norrisufzjo]l M71319E ui, B. breves} B, infantis7} AHEA S
&33tdctn dtglt). Azuma 5(1984)2 RS89 k -caseing chymosinz}
pepsin® 2 A2|ste] stR)st7] Az}t ¥ bifidobacteria A& A
2HE vt k-casein Th4Ee|Bo] JlfE s oS AR} A
BEHURIA o P3tgria slgdc) o|g) go] ST LL ALY o g
7 F84, & ZTHANY ol WA, BEuA L AAA So ANz
Fol iy H2FAREANY 7% %I g B|uk ohs}, {uhua
THEL AP AZR=ol F2% bifidobacteria H] st ol
I FF3EY BRFAANE A2 Yk

L AZARA] BAHEE AaEy B -lactoglobulin, a
~lactalbumin, immuno globulin, serum albumin, proteose-peptone, -§T}
JE2 5 FFRL vERIY 2I)E o] ¥HE At} $3 L s1Ho)
A @B cheesed A2 w] WRAZHE 86~90%7} PAlE 1 223 &
BAE 83 T 715 B SIS AU Qo] ofg waely o
°l-88ol d7H 2 tHYamauchi, 1992). o] AL 2o o] L3t
tl "o bifidobacteriad thabg4itsly] 915l 4L 7|2ujR 2 3o
Fold EER} 1 Label wal £Y¥ Welol=Eo) B bifidun
Bb-118] %ol njxl= Fag sty 95t AAstgcy

2. E 9 Wy

7}. Bifidobacteria

2 Aol AR bifidobacteria S A ARY Bifidobacterium
bifidum Bb-11(Chr. Hansen’s Lab., Denmark)& F¢I35}o] A]Roj o] &3ty
t}l. B. bifidum Bb-118] w2 L-cysteine - HC1E& ¥5-3l= MRSulz] o)
A 22X BREYE & APol Algstoct.

\}. B. bifidum Bb-112] wjjo}
[o]

Whey powder= (F)Ale]frl2osie, A48 milk protein
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hydrolysate(MPH)$} casein hydrolysate(CH)& (F)d Y-S dos iy =7
wolon, g-casein, B-casein, k-casein, W trypsing SigmaA}(St.
Louis, U.S.A)2H%E F4stadct. 7l&xux] HZE 98] FU4r vwhey
powderE ZFoll 6.5%2 L3171 (pH 7.0, IN NaOHE ZF), Q428
7](Beckman J2-21, England)® 9,000rpmof|A] 587t Al B a|sl At e
Haste] WSEASIAA Aol AEsiAch  slZuiR|Ql  whey§-jol
L-cysteine « HC1 0.05%&} yeast extract 0.75%F M7}t Z1& A7 xu)
22 B3R, 7)o TURANE] ¥ AAZAAAE wlastaA
milk protein hydrolysate(MPH)2} casein hydrolysate(CH), 22|22
trypsin A 2]F E=x}skoy u}e} 10,000Da ©]4F, 10,000~3,000Da, 3,000Da
olstZ E2¥ a-, B-, r-casein?] FTYES Y Ix(wv)YoZ =3}
o Ztz} 0.25, 0.5, 0.75 ¥ 1%2] H=E2 Husisct. 4% vixls 94
et e s MEJE F 121TCollA 1583 B3 B, bifidum Bb-11& 1%
P2 212t JFE F, AFPEER INEIJVNE AHASE ALANAE FY3)
o 37TColA 24A|ZHE<t H7lujdstaict.

t}, Trypsin X2] ® casein #31&4 Bx13d £Y

a-, B-, k-Casein 250mgS& 22z} 0.1M phosphate buffer(pH 8.0) 30m¢
of &3l3ted 40T 58 AGAIY F, trypsing 1% §AYLE IE]
2} oAl golof 12540(1437U) A 7bstod (F A vy A= 1:200, wt/wt), 4
0C ¥F24olA 6] WA F, 85ColN 1087 H4LE E8LY
AlZct. a-, B-, x-Casein®] trypsinE3NEES 4 2viAIE AX E=x}
2k 10,000Da ©}4}, 10,000 ~ 3,000Da, 3,000Da ©]3}e] A2 2|5ty
th. zZ} whale] trypsinE3ES E¥A 2= Centriprep-10(Amicon,
Inc., USA)oll B3IEE Y3 3,000XxgolA 40% LAE2](Union 32R,
Hanil Sci. Korea)d}o] 10,000Da o]42] £¥ 2} 10,000D0a o]5}e] £¥og
Fa|3F th, 10,000Da o]|3te] £3E clA] Centricon-3(Amicon, Inc.,
Usa)oll YL 7,500 xgoll Al 2412k 4lEel3ted 3,000Da ©]*e] fractionz}
3,000D0a o3ty £¥ o= Fe|dtAtHFig.1). 2t LYo whfd AU
Waddell *(A215/A225 ¥ )o] F£3lo] 27 4+E vl o 23} 215met 225
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me 5 ERelA bz} Al gole] FUEE P (xpeH EPBEA Uvikon
942, Kontron Co. Italy)3tol cThg Alo]l 2]sja] chaa =52 Axsle
tt.

el (ug/ml) = (A215-4225) X 144

et 82+, oH 2 AHRFuE &3

pH Delta 350 pHZ 3 7)(Mettler, England)Z EA3slgden, PAPse
(titratable acidity, TA): Marth¢] P (1978) o whel & stelc). =
AR Ineol] FaFe] FH4 9E 715l 1% phenolphtaleing& 7}3}3L pH7}
8.40 =W w7}x] ] 0.IN NaOH £23(ml) 0% ZAdle] Barstar),
A4+ &AL Lactobacillus MRS agar(Difico Lab., USA)el L-cystein
e + HC1(Sigma Chem. Co. U.S.A.) 0.05%& H71AA 121 CollAl 15872t d 3
T HiZlE AMESIAR, Ml MRS broth@are] 1/2%EE stgon
L-cysteine - HCl 0.05%& & 7}3} tlg, e HEE Aests] ¢ste &
T o g v Esle] Agstalth HAM® AZ 1mtE petridishe] 23
St MRS agar& Hof 2% tl-g, ¥7|uje=HBBl Gas Fak 100 Anaerobic
Jar Becton Dickinson Microbio. systems, Cockeysville, MD, U.S.A)e @
of AFHEZR A£E AAY ¥ ALIAE 8L Cas Pak 100"
Anaerobic Envelops (Becton Dickinson Microbio, systems, Cockeysville,
MD. U.S.A)2E HIIMElE RAIES 3P 37ColA 48417 ¥rlufars}

glch
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Casein

Dissolved in 0. 1M phosphate buffer(pH
8.0)

|/

1% trypsin treatment (40C / 6hr)
{enzyme : protein = 1 : 200 wt/wt)

l

Inactivation (85~90°C/10min)

!/

retentate

Centriprep-10 (MWCO : 10, 000Da)
centrifuge (3,000Xg / 40min)

ll permeate

Centricon-3 (MWCO : 3,000Da)

Mw>10, 000Da

Fig.1. Procedure

centrifuge (7,500Xg / 2hr)
retentate
1L permeate
Mw<3, 000Da 10, 000Da>Mw>3, 000Da
for the fractionation of a-, 8-, k- casein

hydrolyzates by ultrafiltration after trypsin digestion.

_27_




323 A 2%

7h. < E3Eoll &3} B, bifidum Bb-112] A&z

712 BAwiz|Ql  wheyuix]o MPH(Milk protein hydrolysate) £}
CH(Casein hydrolysate)& 2z}z} 0.25, 0.5, 0.75 T 1%%¥ Hs}s}o B,
bifidune] BFEXARAE pH, HFAE 222 HF4E vt}

MPHE 71 2t wiA| 52| pHH2H(Table 1) ulek 124 7bo] RE A|Y
T7 thEFoll uid) pHzte] Wekom, MPHY Mslske] e 48 Yo
U VEHAR, wje 24N Aol M E BE AQFI} thz o) ujs) phy}
ottt

Table 1. Changes of pH and titratable acidity of whey medium
supplemented with milk protein hydrolyzate during the
growth of B, bifidum Bb-11.

. Control Milk protein hydrolyzates
Incubation 0. 25% 0 5% o Tom e

tine (hr))  ATAF TTA | TA o (TA L T
p p p p: p
(%) (%) (%) (%) (%)

0 7.00/0.04 |7.00/ 0.04 |7.00/0.04|7.00]|0.04|7.00]0.04
6 5.87|0.13 5.68| 0.16 {6.02(0.12(6.23(0.12{5.98(0.18
12 4.8010.35 |4.49| 0.40 [4.57|0.41|4.70(0.38 [4.63]0.46
18 4.28) 0.52 |4.25| 0.55 |4.27|0.56|4.23)0.68 [4.26]0.65
24 4.11/0.66 [4.00( 0.82 (3.96{0.94 (4.10(0.78 (4.11]0.83

Zh vl gl N AP =R BE AYEI} t)zTo) vls] FAAEI} et
o, §3] 1% Al@ Tl AEIt 7% WoltHTable 1). ujoF 244) ZhollA)
T B AU izl vs) dxe] Wyl & Ao yehta, wje
A3 "2l 0.5% AP7old APREst sb3 walth. 2} wiRlolA
o] WS BH, v 12400 BE AYF7} thzo) s w9}
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on, 1% AP FAAM 7t g2 AF+E Vehloh wl 24x el M= of
279} 0.25% AJEFE AF7t P Wata, 3 99 AEIE g7
ujs) AF47t Woten, 53 0.5% AR} M &2 AdsE e
Th. MPHE 0.75% F7I%t AlEE 1% HIIE A= Apo|7t 22| ke
LHFig.2), MPH A7} s =0 wleld B, bifidum®] ZAE& HH AA|GFE7}
2ol Hla] A& 737t golAle ZF¥E Hirh

9.5+

9.4+

9.3+

9.21

9.1+

8.9

Log. No. of Viable Cell Counts(cfu/ml)

8.8+

<&
SR
8.7 S

m12hr 8.991 9.114 9.146 9.146 9.279
0 24hr 9.279 9.146 9.431 9.398 9.398

Fig.2. Changes of viable cell counts during the growth of B, bifidum
Bb-11 in whey medium supplemented with milk protein
hydrolyzate,

CHE #7713 Z} vix| 52 pHH¥HTable 2)& vieF 12A] ko]l 0.25%A1 &
T2} 0.75% AJRF7L chRFol visl wgten, i} 24X Ao = BE A
37} iz ol wis| pHglol Wata, H7igel F&+F W oHtes U
EbWich. AH3A 3 (Table 2)2 whok 12A]2o]l 0.5% AJEF7} c=Fof u]3)
Agd el Hgon, Unixl AlEFE tRFRY 52 MRETES UE
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WA, 1% A|HTEC}0.75% AlPFo) A A ako] wakeh ujer 2447
old= BE A7} ciZ2Tol Hls) &L ARHFE Ushhodch wzs
T Bl 12A]30)l 0.5% AJH-2Rto] chz ol wls) WoE:, 0.75% A|E o]
A 7H8 wodth Ml 24X oM E BE ATl QoA thETo) ua)
B2 ALFE Ueshidla, Aoisdo] ©e 48 MF47} wokch(Fig 3).
CH H7bgxol we B bifidu®] BPEAFE ujo} 122)7HE T} ujor
24 ol chZFo] HI3] &2 Zo2 Urlgtoy, B bifidund] AAbo] t}
4 A=t

Table 2. Changes of pH and titratable acidity of whey medium
supplemented with casein hydrolyzate during the growth of
8. bifidum Bb-11,

Casein hydrolyzates
] Control
Incubation 0. 25% 0. 5% 0. 75% 1.0%

time (hr) ’ T.A ’ T.A 4 T.A ” T.A " T.A
Tl Tl ™ e M lw| ™ e

7.00 {0.03| 7.00 {0.03| 7.00 [0.03| 7.00 {0.03| 7.00 |0.03
6 6.35 10.10( 6.23 0.13| 6.46 0.15| 6.35 |0.18| 6.27 |0.18
12 4.91 (0.28|4.76 0.33| 5.34 [0.26] 4.87 [0.35/| 5.23 0. 31
18 4.53 10.47)4.29 [0.54| 4.15 [0.76] 4.16 |0.86| 4.22 |0.83
24 4.21 10.61|3.98 (0.83( 4.03 {0.84{ 4.10 [0.86/ 4.11 {0.91
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8.8 ~

8.6

Log. No. of Viable Cell Counts(cfu/m|

8.4

8.2 ~

NEANEANEAN

Control

0.25%

0.50%

0.75%

1%

Wm12hr

8.94

8.748

9.146

9.078

[24hr

8.114

8.544

9.544

9.672

9.756

Fig.3. Changes of viable cell counts during the growth of B. bifidum

Bb-11 in whey medium supplemented with casein hydrolyzate,

L}, Casein B3EEY Exld Yo wp& F7tas}

@ -Casein, B-casein, @ x-caseing 40TColA 6417t ¢ trypsin
2 Helste g2 EIAES dHEAE VAAARAE AHEste] 7 FAlo]
A BHEBELS Expake] uleld 10,0000a o]4 HElol= H{ BY,
10,000 ~ 3,000Da £33, I 3,0000a o|3}e] EYo g Fste ¢ &Y
Eo] whuld arg ZAY AE Table 32 AT} Table 3014 K& #f
g} o) 2t BYEL) thild gy F xolE B Foon, ojs # A
o]A1E 9] olmi=it 28] xlolof M JteREHE= AYL] £t TIE
o, 4% HEel|=EL olmiat 29 £71 tl27] wEolel & F
ot a-, B- ¥ k-Caseing 77} trypsinHE|dle] dojR FEE &
z}2ko]l whe} 10,000Da ©o]4+, 3,000 ~10,000Da 9 3,000Da ©o|3tE e|3t
3, 2} BYES 1x(wv)Ros 28t Hriste] B bifidume] A&
AFANE pH, HBLE Jela BFSE vlastgrt,

MR &) pHHEE 2 a-caseing AR vz E= WG 244 LF
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th27oll wls) £21210,000~3,000Da3} 3,0000a o]3}e] £ E¥ g 27}zl
A= A7IstA] 2 wiAlEct W pHElE Uehdon(Table 4), 8
-caseing HIIY AN E RARY HU& LElIATtHTable 5). «
127 2t -8 pH7t wbe £E02 dojd ¥ Wy} gloion,
TAHE 10,000Da ]3] 2¥] pHrl tha &2 o)yt Table 6).

-Casein&

Table 3. Protein concentration of three fractions with different

molecular weight of @-, B- and -casein hydrolyzates by

trypsin,
( rg/me )
Molecular weight
> 10,000 Da 10,000 ~ 3,000 Da 3,000 Da >
@ -casein 6.49 7.03 6.01
B -casein 6.45 3.67 2.51
k -casein 258.0 0.02 6.49

Table 4. Changes of pH and titratable acidity of whey medium
supplemented with different molecular weights of @ -casein
hydrolyzates during the growth of B, bifidum Bb-1].

Incubation Control >10,000Da |3,000~10, 000Da <3, 000Da

time (hr){ pH |T.A.(%)| pH |T.A.(%)] pH |T.A.(%)| pH |T.A. (%)
0 6.80 | 0.04 (6.80| 0.04 | 6.80 0.04 {6.80| 0.04
6 5.8 | 0.10 /5.8 0.11 5.70 0.12 [5.49} 0.14
12 4.86 | 0.23 [4.82| 0.23 | 4.71 0.27 14.61| 0.28
18 4331 0.43 14.34) 0.43 | 4.25 0.47 [4.21} 0.48
24 4.05 | 0.65 [4.06| 0.65 | 4.02 0.67 [4.01 | 0.68
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Table 5. Changes of pH and titratable acidity of whey medium
supplemented with different molecular weights of B-casein
hydrolyzates during the growth of B, bifidum Bb-11.

Incubation| Centrol >10,000Da (3,000~10,000Dal <3,000Da
time (hr) | pH [T.A.(%)| pH |T.A. (%)} pH |T.A.(%)| pH |T.A. (%)
6.80| 0.04 |6.80| 0.04 | 6.80 | 0.04 |6.80| 0.04
5,881 0.10 {5.97} 0.10 | 5.78 0.11 |5.66( 0.13
12 4.86| 0.23 14.93| 0.22 | 475 | 0.26 (4.70| 0.29
18 4.33| 0.43 [4.37| 0.42 | 4.25 0.48 14.24} 0.50
24 4,05 0.65 |4.10| 0.60 | 4.04 | 0.65 |4.03| 0.66

Table 6. Changes of pH and titratable acidity of whey medium
supplemented with different molecular weights of £ -casein
hydrolyzates during the growth of B, bifidum Bb-11.

Incubation| Control >10,000Da {3,000~10,000Da| <3,000Da
time (hr){ pH I[T.A. (%) pH |T.A.(%)| pH |T.A.(%)| pH |T.A.(%)
0 6.80| 0.04 |6.80| 0.04 | 6.80 | 0.04 |6.80| 0.04
6 5.88 | 0.10 |6.13| 0.09 | 5.81 | 0.11 |5.60{ 0.13
12 4.8 0.23 (519 0.18 | 4.79 [ 0.25 |4.70| 0.27
18 4.33] 0.43 {4.49| 0.36 | 4.27 | 0.46 |4.25| 0.48
24 4,05 0.65 |4.20| 0.53 | 4.04 | 0.64 |4.04| 0.65

2} QAR A B, bifidum Bb-118] 333} B4 Ate] s A
s #W3l® Uehjgcrh. a-Caseing 713 viz|olA #je} 24 7
F& 29 B2 10,0000a o] Y& /A E o =79 vl
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&%

A& Ve e, Exist 10,000~3,0000az} 3, 000Da o]3te] HE
715te g dole tRIRTE A Po] 2 Wo|glon, Exjsk
1ol £8o] Bt} wWe ahg AAdsigdrH(Table 4). B-Caseing
wioll= ©] #A}%F 3,000Da o}ste] EYoMut cfz R} A
1ottH(Fig.5). «-Casein ¥YEL EA8F 10,000Da o)Ate] &
TFHTE AM3dee]l Hoom, ExjaF 3,000Da o]ste] EHo| y
g8 AbE ABAgstect

<o
5 m °
o,

ol
o,

o ox e & g
& (o ok _Z:_, S o ox
3

s

rlo PN

8 2

9.6«

9.4

9.2

Log. No. of Viable Cefl Counts(cfu/mi)
(s}

8.8+
8.6+
8.4 :
Control 10,000Ce0}A} | 10,000-3,0000a | 3,000Da o]3}
® 1200 8792 9.079 9.146 9.146
0 24hr 9.362 9.146 9.568 9.38

Fig.4. Changes of viable cell counts during the growth of B, bifidum
Bb-11 in whey medium supplemented with different molecular
weights of a-casein hydrolyzates.
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947

9.3 +

9.2 4

9.1 4

9 4

8.9 -

8.8

8.7 §

8.6 4

Log. No. of Viable Cell Counts(cfu/ml)

ANV

8.5

8.4 : e
T control 10,000Da0l 4 |10,000-3,000Da | 3,0000a of &

mi2hr 8.792 8.982 9.079 9.27¢
024hr 9.362 9.38 9.301 9.342

Fig.5. Changes of viable cell counts during the growth of B, bifidum
Bb-11 in whey medium supplemented with different molecular

weights of B-casein hydrolyzates.

AIFTE a-casein BIHES EAE HE Uro] HIHE AR ui]olA
B. bifidum Bb-112 ¥ 12A]1Ztef] BE A7} thRFo] ]3] &34
oy, vje} 24X|2e] EFBE Ao A 10,0000a o] 4] YT 2
FEr} 2 AFeE Uelida, unA AE7s 2R gidod, 3
9F 3,000Da ©o]|3tEcl= X8 10,000~3,0000a ¥ BF<57 o kel
(Fig.4). B-Casein E3JEEE ujat 1227l RE 7177} R0
H8) &2 BF4E UERleu, uld 244] {Htﬂoﬂ—— 2o vjsf & 2t
ol& Rolx] ¢UTHFig.5). k-Casein EIEEL Y 12X A7}X &= B
E A7 B URFET 2 F¥E Hden, 53] A
3,0000a o]&tel £zt A1 10,0000a o]de] EYolM 713 W B

& Jehloon, F AIEF 748 Aol Z4AdATh 2y vl 244
o] Hol& wlols BE AP FollA B bifidum®] FAo] Hriol| &slo
Ex}ak 10,000Da o)Are] EYuto] &2 AF+E LIEYSUTHFig. 6).
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9.8 —

9.6 4

9.4 4

9.2

9 -

8.8

Log. No. of Viable Cell Counts({cfu/ml)

ss1" |
/

8.4 -

82l . O
Control 10,000Da0| &t 110,000-3,000Da 3,000Da o) 5}

m 12hr 8.792 ) 8.964 9.041
024hr | 9.362 9.663 9.447 9.146

Fig.6. Changes of viable cell counts during the growth of B,
bifidum Bb-11 in whey medium supplemented with different

molecular weights of & -casein hydrolyzates.

WheyE 7122 & A wizlold B bifidun Bb-11¢ THYESEE
(MPH, CH)oll 23ljA gRo] FAHE THE B Zor). S8 L0 &
EX2E& 0.5% 7151 bifidobacteria®] WAA|Z A3}, Zalo] 2 g
o, FHLNE =2 3 w7} bifidobacteriag] ujorux| =24 =
#3tch= Park2} Heo(1995)8] 773t} Qic 281}, bifidobacterial]
EE BAFY] AN E HEY AAZNEAS LR T 7] gRe] 2
T BB ELELE AAFVRHE Wslds xYPo| ALHI Q. o
oM E 2 HE bifidobacteriadl MA&AUAE LAsAE 2L
< AP EH, Rose 5(1963)0] ¢-3ch#AL pepsin, trypsin, papain &
o A FelEaA st @oj EEESo| bifidobacteriad) WAE
RE2A7} UAATHs A7 AAE BEY o)%, Kehagias 5(1977), Jao 5

°

(1978) &L 7 casein®EHE casein bifidus factor& Ee|slegon,
o] 42 Bf2] N-acetyl-glucosamines} 2 3= AAEAXIN} Q)
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grtz stgrt. A3 caseintd|ESo| bifidobacteriad] JA}S F 213t
= B 3 (Proulx®} Gaurhier. 1992)2} ¥4 Klaver $(1993)
bifidobacteria AHAl= ¢ ©UAE E3fste HLI} RHIIER casein
B3 Eolu} olnAtE FAZIZSAE HJls| Folof 3y, ¢/ A
& 7HEestr] 932 bifidobacteriad] wiU&=r =Rt sigdch
o] ANELS MAZIEALS A3 e MPHY} CH Bole EA}Fo]
600Da ol8tel M} BAo| Wemz A uABY ATHE Fahsiod
o] £H & wEoletz MdPHo]ri(Mcdonald 5, 1990).

Trypsin X 2]¥ 3%/ casein LHEES LAYl wel B. bifidum
Bb-119] BAZAFNE AFY & H¥e] ZA}E B, - and B
-caseind #2}3F 3,000Da0|5te] YoM 7MY & ARFEHIABAE U
Ehd Aoz s Hct olg U2 ZAde T 1,100~2,3000a Hel
peptideEo] bifidobacteria®] AtEarE ZFIMA|Zcl=  Cheng?}
Nagasawa(1984)= caseinE3|EE2HE o7 peptideEo] f-2)olu]nite]
A de AALRC} peptided] AL Yo] bifidobacteriad] FA&AF 7}
gjtta ¥t Proulx 5 (1992)8] &F¢o} E=}3F 5 0000akt}t 2 peptides
2 bpifidobacteria®] Aol izt HAAN}E= Qi ¥ Poche}
Betskorobainy(1991)2] A2} & 73S B4t} Bouhallab 5(1993)
22 casein®] tryptic hydrolysates2HE dolzl wjelo|= ZZE(MP)o]
8- peptide HEJEL bifidobacteria®] AR &Aoo, WP £3
Eo] AAZAFNE #x18F 2,0000a o]3te] 2h peptidec] &%t Zoje}
E 43 AxExs A5t odrh .

3+ Poch®} Betzkorovainy(1991)= trypsinXg|oll &]¥t k -casein &
B Bo] ¢f casein BE FHEILZ /1% 2 BYEFUEo] vl
2 s, 2 dFol oJME «-casein o]2jo]l a-, B-casein E3E
So] Ex}a 3,000Da ©]5}¢] peptideSE B. bifidun®] A& FAsh=
z2oB0 Zog ukd ALt & dAF HA}E Bezkorovainy®} Topouzian
(1981)¢8] B.3of u]do] W& B bifidum var. pennsylvanicusol iyt $-
S childe] AAZANE 97 FA1%F 10,0002 ofste] wighde} AL
ojdute] MAXZANANE Viepd wrA, B bifidum, B. infantisy B.
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breve= 213} 10,000Da o] 3t2] wighue)] Aol Ex}ak 10,000Da o] AHe]
chile] A4 BFoN B3AJE Jerhigdcks d3Azjel  go)
bifidobacteriatx #Fof ulel WRE st AAZNE o] Aolsiti= A

e L AF ok

4, 3 o

WheyE& Bifidobacterium bifidum Bb-11¢] AA7|Zujx|E 3o
protein hydrolysate (MPH)&} casein hydrolysate (CH)& ¥7}slge uj
BASIAAE gotr, AolAlE F48l2 U= a-, B-, & -caseing
22} trypsin@ 2 A2|ste] dojx FaES EAFH( > 10,000Da, 10,00
0~3,000Da, < 3,000Dz)of wiz} E£Y¥+ ¥ wjxjo] HFristd e w) Aol
U= 4¥E FEstaz} stdch 2 Az, shEsiEQ MPH} CHY A
Fto] whE BAEIAI A AETA Uelxton, chiEajEe] Hriake|
e 2ole 1% AT MY 52 APENE HYoBH, YYEL, &
SEANEY Hibe=7t €45 AAJZAANI ASA Fhste &
& Bk M 7Y caseinEINEESS Ex13to] whel 3,000Da o
3}, 3,000~10,000Da, 10,000Da olAte 2 B3l SBulxlo] A3 &
2 B. bifidus Bb-118] o] #AHe ANG RYPYOn, g-casein I
B-casein BIEF FolM= EAHYol 2H2 £ (3,000Da o]s})o] P
AxA7} M w2 A8 eIy}, f-casein £31E-E 10,000Da o]
22 BAEE A EYHA ti4 &2 pHel WS FAPAEE Ry on,
AdsE okl
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A 2 A B bifidum Bb-112} B, bifidum K-72] X33}
vj2 Alg %Y RojiMjF Bifidobacteriad

Al §AE Az

1. A &
Bifidobacteriai= 3 u]dE F4 oA ZI(Gibson T, 1994 :
Misra &, 1995 Moore & 1995), ®7l%9 ZI(Link%, 1994
Schiffrin ¥ 1995), ¥JdHE2(Gri 115, 1995 : Kampmann%, 1994
Singh%, 1997 : Van't%, 1989) W cholesterol #3} XL 3}(Sekis, 1978)
5 v Rl W2 A% FA AVt Jde AeE g FcHBouhnik YF,
1996). L} o]} o] 43} bifidobacterial] AZZA Hztx Zh|)
o 4 &0l Fgslojol O JleE AR UH ¥ 5 A& oIl AR}
2] ji pHyl 2.0 AER vl$ Stolr bifidobacteriaE 423l 9&
T uw oje} o] W& A 2 wiFol FFel wet xe|rt &
ARt o §E AME st Ze® d8A th (conWays, 1987 : Floch
5, 1971 : Midtvedt, 1974). Mayer(1948)7} bifidobacteriag -§-o}-& Al
FEAzo] o] &F ol UERAFTE uiXdsld ARFI AAE $I5lHo
bifidobacteriag T}}3IAl o] &3l glov} O 753 &4H4& 383
317 A= WA S Ad +FF 1UstAL bifidobacterian] Aj3)
&8 ARt o8 E &3Vl 413 Bl A Ha glch
o] XYL bifidobacteria?] & AMEBTAGAME APE3}A] 51 Fhjol
A BEE fAH 2 0]88E woly] $i8l ZYIFFU B bifidun
Bb-11 3 HEA7HA NN S8 FF2 AU B, bifiduw K-7& 1A
NeT Az fsled 2 Aoz v, ¥ A ks, sodium
alginate poly-I-lysine microparticles& air atomization WHS AH&
Az sdon, ol A%, UEH Y ojolae] At ATE A4
& stz A= st
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2. Mg 9 Uy

7}. Bifidobacteria »

ol Algoll AI-&¥ bifidobacteria AJPRE SAARY B bifidun
Bb-11(Chr. Hansen’s, Denmark)} Y¥EH-FalAolA L2381 +FZ2 Ay
B bifidum K-7& L-cysteine - HC1(Sigma)& ¥-§3}= MRS brothoj| A Aty
Bigste] ¥AE Hol2 ¥ the WAlLe]7)(Beckman J2-21, England)S
3,000rpmoll A 1023 WiFe|sto] BPAE AARE njy WL HZoj
AH&-3t4 ).

L}, Bifidobacteria wjok

MRS broth:= L-cysteine 0.05%& 7} pHE 6.88 =A AHE-slg T},
VheyE 7122 3t wiz)= FUj4t whey powderS Z-H4of 6.5%% L3)4]7]
3l pHE IN NaOH&WE 118 6.82 ZAsigon A2 2] 7] (Beckman
J2-21, England)E 9,000rpmollq 527 AAEe|sle] AQALg 34 s
BastAA Aol Abgstgct. A ee] whey HEZAML Ty 0 59%,
A730.38%, §3.74%, F71E 0.35% 2] S5 94 90%o]glon), 3
bifidum K-7& 7|22 2% Ammonium citrate 0.2%, Sodium Acetate 0.5%
Magnesium sulfate 0.01% X Manganese sulfate 0.005%5 ¥ 7}st4ct.

ot RAEL] AR

Al Al R R (AER)E FUstel 2YE Pako] 12.7%2
£} Ao ARSI, LARE HY8 02 SHAARY yoghurt star
ter culture B-3 (S, salivarius subsp, thermophilus, L. delbrueckii su
bsp. bulgaricus &%, Chr. Hansen’s, Denmark )& yoghurt& A|=X
3to} Aol ARgsigon, ofolA AL olojAa M A(slo|YA, njyl
FY9)E FYslo] olo]AAY A Z 7] (Sani-Serv A4071-E. U.S.A)E o}olA
AYE ARt A¥ol A1&3ch
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2}, XnjAl+ bifidobacteria &7}

B.  bifidum Bb-11 3} B bifidum K-78 sodium alginate
poly-I-lysine b]A] 3J&& air atomization®Z A Rs}o], Alf, WAH
0 olo]AAY Ao 2z 200m¢T bifidobacteria BlAH &S 5S¢4 H
Zistden, Al UERE 4T, 223 ofo]AAYL -20Co] BY, 3
NHog(0, 4, 8 12 ¥ 164) pi, HAZAE W JF4E A3

of, pH, HAPAE & PIFT+ §F

pHEe Mettler Delta 35022 &A3}olen, FHAP4tx(titratable
acidity, TA):= Marthe] ¥hH(1978)cl ulel AR Imeol] FF FF+E
7}8}3 1% phenolphtaleing 7}, pH7} 8.40] =¥ wiztx]2] 0. 1N NaOH
208%(nt) 22 &7 Batsigct
Bifidobacteria®] AF4= NPNL MRS agar& *H23lo &3slgch  NPNL
L& Neomycin sulfate 2g , Paromomycin sulfate 4g, Nalidixic acid 0.3g,
Lithium chloride 60g& ZFH4 100 715t ¥}AA&d4& whEdch &
A LA 0.22 um membrane filter B33t} oz HF¥ vl 4 T
ol BT AMR3tgcrt. B4 &2 MRS agar of L-cysteine - HC1 0, 05%
E A7l 121TellA 1583 B2 wizlof] gL} 5% Hpsie] NPAL
VRS agar® AZ AM ZSIAom, 34 MRS brothTRe] 1/25ES
3}y L-cysteine «+ HCl 0.05%2 H7l ALgstddct. & Alge 0, 4, 8, 12
9 169 NFSE IntE 2I8lo] 100nl AFAYo) o 4A]HFRE Yol A
N&ol $YY FFE 22slqr). dI3AYoR §&Y AR InE 3
o] MRS agar® 37To| 48A]3t BBL Gas Pak 100™ Anaerobic Systems
(Cockeysville, MD. U.S.A)ol &Jsle] §rlAog wjadsigon] 33 WE3s
o BFAE F3tadch
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3. 23 4 24

7}. B. bifidum Bb-11 2} B. bifidum K-72] A& v]z AlY

HEd Aol 43 bifidobacteria® MWl 22 B
bifidum K-7¢] tislo] nlMi&A2E % 24 wjg 24L& BYsir] 9
Sto] MRS brothe} wheyE 7122 3 wiz|ofA WAV L Arjstg o B
bifidum Bb-112} 8] 3}giT}
B. bifidum Bb-11 2} B. bifidum K-7& MRS brothef L-cysteine - HC1 0.0
5%& HIISlo] YHAUE st om 37ColA 2447 wjakslH s BF2,
pH ol Aol WstE &% 448 29 Figl, Fig.2 @ Fig. 33

.

Fol
o=
a3
S 3
gL B.bifidum Bb-11
%3 8 B.bifidum K~7
S
12hrs. 24hrs.
B.bifidum Bb—11 9.799 9.954
|8 B.bifidum K-7 9.114 9.158

Incubaction Time (Hrs.)

Fig.1. Growth effects of B. bifidum K-7 and B, bifidum Bb-11
in MRS broth,
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7 -~
!
| —e— B.bifidum Bo—11
6.5 —a— B bifidum K~7
6 |
55 |
5 -
45 r
4 1 L 1 |
0 6 12 18 24
Incubation Time(Hrs.)

Fig.2. Changes of pH during the growth of B. bifidum K-7

Fig. 3.

Titratable Addty(%}

OO R U W [ —
Do 2RO ®N
1

and B. bifidum Bb-11 in MRS broth,

—e— B.bifidum Bb-11
—a— B bifidum K-7

1 it 1 J

Changes

6 12 18 24

Incubation Time(Hrs )

of titratable acidity during the growth of B

bifidum K-7 and B. bifidum Bb-11 in MRS broth,
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B. bifidum K-7& MRS brothZ 37ColA 2427 ) & w) FFAEE
B. bifidum K-7°] 1.33%0]21 0V} B. bifidum Bb-11& 1.84%% ¥ ALS
Roj F3 gley, HEpE Fig 1o B upe} o] ek 124]7te) B,
bifidum K-70) 1.3X10° 223 B. bifidum Bb-110] 6,3x10%]%1om wuj
o 24X N 22} B, bifidum K-70] 1.4X10°2} B, bifidum Bb-110] 9.0
x10°02 & o]zt gladom wia} 7173 pH Aslol glojM: 28] 2
F Zlol UERGA] gttt o]t e Al= MRS brothol L-cysteine -
HC1 0.05% H7}5}e] wi} & w) B bifidum K-72 B, bifidum Bb-113} 7
o FUY YL B Fgon ot A UehtA] 9Le o £ 9
ct.

VheyE& 7]&E 3B} L-cysteine - HCl 0.05%& H713 wi=jo)A] B
bifidum K-7& 37°ColA 24A17 BjF & w) pH7} 5.202.2 B bifidum
Bb-112] pH 4.03KT} &gton, HFF4rE = B bifidum K-70] 0.33% 2]
3l B bifidum Bb-110] 0.64%Z @A sIA ugkz, BF4o] UoJAHE B,
bifidum K-70] 1.7X10°, B, bifidum Bb-110] 1.9x10°0.8 WAs}A y
A velvta Qlch o]ake] HzlE njFo] Bol MRS brotho]A2b= gl
vheyE 7|2 Z ¥ wix|olM& B, bifidum Bb-1190] B, bifidum K-70] u]3}
of p, FAPAE 9 YFo] AolH BE BAo] 24318 & 4 gt}
(Fig.4, Fig.5 W Fig.6)
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B.bifidum Bb~11
B B.bifidum K-7

o)
| =
S E
s 3
.0
O S—
Z =
.o
o ©
Q
—
0
B3 B.bifidum Bb—11 9.531 9.279
B B.bifidum K-7 7.176 8.23

Incubation Time (Hrs.)

Fig.4. Growth effects of B. bifidum K-7 and B. bifidum Bb-11

in Whey-based medium.

7[

6.5 —— B.bifidum Bbo-11

—s— B bifidum K-7

4 ) I
0 6 12 18 24
Incubation Time(Hrs.)

I ¢

Fig.5. Changes of pH during the growth of B. bifidum K-7
and B, bifidum Bb-11 in Whey-based medium,
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o o o
N O
T

0.4 "

Titratable Acidity(%)

© o o
= NN W
T

—e— B bifidum Bb~11
—=— B bifidum K-7

i I !

0 6 12 18 24

Incubation Time(Hrs )

o
-

Fig.6. Changes of titratable acidity during the growth of B. bifidum
K-7 and B, bifidum Bb-11 in Whey-based medium.

B. bifidum K-70] cthy} wheyd] ¥ALE &3]7] 15} wheyE 7|22
3t wzjo]l whey protein isolate(WP1)& 0.75% M7}8}AL}, yeast extract
E 0.75% HIIste] wiYSIAE B bifidum K-78) BAE &} 27} A7)
B3HE Bo] F71& 312 B bifidum Bb-110f |3l ML o] A
3] FojAr}

L}, Xo|MF bifidobacteriad] A& ¥} Ay

Acidophilus milk2} Zo] §-&F WHSIR] ¢}3 bifidobacteriad &
¥+ bifidobacteria milkE A2 7§u5}7] 913}od bifidobacteria IS E LR
€ pH7} AlR-8h fARE Sfro] HI1sle] bifidobacteriall &L Ay
stsic.

2 Agol ¥EFE AHEY AR bifidobacteria nAM] Y&o] cjyt
ABE WHE sy T BYsA 28l f15t] 12.7% YA A)LE A
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Zste] 121ColA 183 FF, 4CE Jzsle UAAF 200meo] B.
bifidum Bb-11 2} B. bifidum K-7 n|MZ3&S 217} 5g2 H7Iste 4TC 4
Ao B#sHEA 164 7=l BAFH(0, 4, 8 W 16Y)e=
bifidobacteria a4, pH @ AFAEE A3l

B. bifidum Bb-11 3} B, bifidum K-7¢] njAl&& 12.7% €A A|fof &
7¥8le] 4ColA AABIHAN AF5e HIHE BY Fig 7oA B uiet 2
t}l.

8
T 7
° 6
S
g £ S
- 3 4
RGN
= B.bifidum k-7
5 2 B B.bifidum Bb-11
S g
0 4 8 12 16
mB.oifidum k=7 | 5.301 | 5.447 | 4.857 | 4.806 | 3.663
& B.bifidurn Bb—11| 7.024 | 5.778 | 5.301 | 5.255 | 5.244

storage period (days)

Fig.7. Changes of viable cell counts during the storage of milk

added bifidobacteria microparticles

etx|A]-§ol B bifidum Bb-11 8772} B. bifidum K-7 Zujd3E3E 7}
298] 32 NP4 242} B bifidum Bb-110] 1.6X10" 2} B. bifidum K-7
o] 2x10%] gom Agr|zto] A Y+E Ax Ladle] A 16Ul
212} B, bifidum Bb-110] 5.8x10° @ B. bifidum K-70] 4.6X10°22 B.
bifidum Bb-110] B. bifidum K-7TRT} B&Yo| &A JEelytrt. AE/TF
B. bifidum Bb-11 Xt} B bifidum K-72] REFo] Y& AL H&R
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bifidobacteria m|AMZY&& ©A[AIRol H7l 19L& Wi B bifidum K-70]
B. bifidum Bb-11X.t} BF47b yhat7y] mj&oleta Azge},
AEHEHA A3PH Alfo FAlFolLt FASS HishA €W spw
& HFol &3tA = bifidobacteria BjAPES HII 4 oz}
12 M 4= oty 2 AJ¥olA AlFARA] bifidobacteria n] A<
TA AL oulAE R A dGste] HBsts Fo] £ RoT
Haom, 4CoA A& w)l B bifidum Bb-11 X B, bifidum K-7
164 71x] $3t 42 g FAI3t3 Q197 wjEo bifidobacteria
F AR A2 7Hedol $E8] vk sigkdch
B. bifidum Bo-11 2} B. bifidum K-78] u]MIf&S 12.7% &=|A[-8of A
7¥sto] 4Col N A&, pH HEE 29 Fig 8ol B ulel g}

N

ook
o

i

o

6.56 r

6.54 | —— B.bifidum K-7
| —=— B.bifidum Bb-11

6.52 |
6.5 I
T 6.48 |
6.46 |
6.44 |
6.42 |

6.4 l 1 A L i
0 4 8 12 16

storage period (days)

Fig.8. Changes of pH during the storage of milk

added bifidobacteria microparticles

Fig. 80| X B bifidum Bb-11 B7}18} B, bifidum K-7 Bt
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2|2 pHE BF 6.550|1%3 A% 4ol 22} B, bifidum Bb-110] pH 6.5}
B. bifidum K-70] 6.48% A3l e 1 F A3 At AR 16Y
o] 271+ 25 pH 6.452 "WojArt AlY 7|3 B bifidum K-7 H7}77}
B. bifidum Bb-11 A7} Hrl pH7} &7t o A3l Aol gigionyt
AA o7t velA] dgteny A3 160 pHrt FUSHA UEld R
Bo} bifidobacteria milkE AR 7/JUY FH$ o] A= pHAsl= IA
EA7l =R ¢ thx itk 4TolA 169 712 A7 "2 AR7L
olzata wWlglo] AR JHe¥W AL 12.7% YAARE AR 121T
oA 183 E&37] wEelch

w3 Y©R|A]§o] B bifiduwm Bb-11 2} B. bifidum K-7& H7}3te] 4T
oA A&, o] 7|1F HAFAIE(T.A)Y] HE XA Fig. 9 ¢ @t

0.25 r
02 :
£015 |
:
§ 01 1
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Fig.9. Changes of titratable acidity during the storage of milk

added bifidobacteria microparticles
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7Yd 319 7] wiEolc},
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8 o2 71A] PolAAl] iy M3 (Gilliland, 1979), &3 g FUYF
FTAole BEALF 2ol A} gon(Pettersons, 1983), 2
bifidobacteriag B|E3to] vfabdo] ¥t Rald-& P& Ae)slo Q)
o] glefofl tAFte ©F4stol =BEX] 93 Ao TeEte A 24 pH
oAl bifidobacteria E& FilFol S2EA YO2AM o5 o]gMS
B3 A7 o)Foln UTHFS, 1998). WA JuIME 27] Hash
bifidobacteria W #itd& T AT njAP&S A8l A =3 wa
FAEES A oy vlay 43S AT )

< AES HERAES A2Y O YA bifidobacteria u] A7)
€2 A7 23RS 47 A HSd&e2 52 0=2¥ yoghurt starter
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bulgaricus ¥+, Chr. Hansen’s, Denmark )& yoghurt& A 23}
Aol ALgstlom, yoghurt 200meol B. bifidum Bb-11 2+ B, bifidum
K-7 olAdZeg 22} 54 A7hsted 4T BAaol B3, 169 71x] AA|H
22(0, 4, 8 12 ¥ 169Y) bifidobacteria F4, pH ¥ FFNES &
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Fig.10. Changes of viable cell counts during the storage of
fermented milk added bifidobacteria microparticles
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Fig.11. Changes of pH during the storage of fermented milk

added bifidobacteria microparticles
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Fig.12. Changes of titratable acidity during the storage of
fermented milk added bifidobacteria microparticles
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njAgi&ol & Ro] ey) Kch pHa el nfAsiA2 YA fol $FE &
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g, ofdRY)E  FUFl  olo] A=A Z7)(Sani-Serv A4071-E,
U.S.A )R oloj& A-G A3} bifidobacteria OjA] P& 7t 3
oo oje] el oyt NUE $3sYr). olojAAY S A=y A @
A ofolAAY WA 200meo B, bifidum Bb-11 2} B, bifidum K-7 ujAjz)
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Fig.13. Changes of viable cell counts during the storage of ice

cream added bifidobacteria microparticles
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Fig.14.  Changes of pH during the storage of ice cream

added bifidobacteria microparticles
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Fig.15. Changes of titratable acidity during the storage of ice

cream added bifidobacteria microparticles
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bifidum Bb-113} B, bifidum K-7& HAZ2ZA0Z uje} VHHUAHA sodiun
alginate poly-/-lysine microparticles& air atomization WHOoE A2
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B.bifidun Bb-112] pH 4.03, FAAE 0.64% U WF4 1.9X10°0.2 ¥
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Aty - 2243 &Hold & Y&y Bifidobacteriaol ujste) £ {A|Fo]
Aol M3 ZEE AYYOTA Bifidobacteria 3 oA AL
tisted Aol oluiAld 4= 9l 53] A HciaiHald ARE 3
¥ 4 e BAEFEY 42 AUER ojuA|Y 4 9}

o] A7 wiBL uigoE £ dFo|M & air-atomization (Z7|E

al

(2 oy



AL B2]) 71e& AHE3te] sodium alginate® )& CaCly§ejo] EA}s}e
BEEH e oM AR 7|&E ¥E3}o Bifidobacteriag EUsta F+32
o] BEES HAY © 4 U ARFEARL A AR (wix] QA
7HIE)E Y F 2ojhFed BYE 5 Uig © A dEe
B7IstGen HFEHLE AFS AAY HUALHA S ¥ By 2
oo A MHdEel H3 (Bifidobacteria®] W2} W lactic acid
bacteria, enterobacteriaceae W staphylococci)ef njxj= d3rg 1 abs}
o Bifidobacteria§ & ZolHF L4543 FAE Ml S84 4
de AAE FH3dct. & AAY AN ARI|S(FTF L Ay =
)L ¥y, Bifidobacteria¥tf ZujMl72] A2 FFAxLe] ¥y o 3
7}, oMz FAEARIY Hilel Fo PR E FF, RuNIT2RE
22 in vitro}&d U IYY ZujA2Y ity R ehEd dpel pog
Atgtollq FEY ZulHte] FoF ¥ E¥F F3F A8 W in vivo ¥ 7}
Aol ZAH R B AFoM £33 A7 Y& oleje Lt}

12 2o F7IEA g0l o3t Xojd2 AR 343 Yol Ut}
& Z71RAPGel Y XA A2 ALY, BALE, =& 27,
TAA R eE IHEUY = U AW 2E5S  ¥Ysiz
Bifidobacteria’} B8 XnjHF79 U=} 7] €4 ¢ ¥y 128 &
WA Azt &3] 1Y oM AR ¥F AR A} 94
o AL LS HAFHUY + e HMAFY AR 2AS HYsi= o o
T}.

22pd 2o M= Bifidobacteria®t-f ZnjAl 1Y A= FFUAIY ¥
g FHIIRY F 2o HEE FFol Ut} 53] IYHE XujHF2EE F9
AIFAY L FYF in vitroEAE WU U&EYe] =4/, AFHY
ol o] WitdS tistA dFstn T3 £4 HelE B&E3le] AP S
¥ish= ol qdch

3xpd ol A= Bifidobacteria®lf oAt H7l A2 Alglol A
AYY oMY £ ¥ E¥HF ¥ FF € o 2o Eely 4
el M5 in vivo F7} dFo] F3}gct
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A2 A AR L Py

1. ;] &

Bifidobacteria ZujAltE A8 SE stz ¢l Chr. Hansen
Lab. (Denmark) #] B.bifidum Bb-112} PF A2 oA 243 F23 A
Ut B bifidum K-7& MRS brothg} wheyE 712 Z % wix|olA] Hcje ¥
4% A7 thy Y4E2]7](Beckman J-21, England)® 3,000rpmoA 105
T 5&3e] ZRojA2E ARl

2. Zuldl AzYY

2% Sodium alginate €43} FPAE AN TYYL U20x £E3]
stirring 8to] FA3IA 2L th autoclave oA 302 S HF Az
stgdcth. Bifidobacteriag ¥H3dl= WF WRY Start culture YAAS
sodiun alginate B £dof Hrslgct, 4308 St stirring 8}
homogeneous  J4t-& FHEQITE  Peristaltic pump® @AM  air
atomization device o 8ml/mind] £4£4E2 WHF AN 0.2M 52
CaClyelo] Blstod AR =718 Zul47E DE ¥ 158 S cacl,
SolA curingstol A3 ¥ T 3 AT Anslo] Hashn A4
2 A& vl 0.02% poly-/-lysine &ollA 585t cross-1inkings}o

g B4l 48 ZuHTE ] A3l AR 42 283
washing®t Th& -38TC offAl 2417 54t pre-freezing ¥ &%+ 56T, ¢
g2 8mtorroll x| 14X ZH5<t W Azttt RnlHqT HRA HZ 2
BAAEZE 371Y, 7455, £2178, alginate W polylysines 55
S HIATIEA 3 Az 23S st

3. Bifidobacteriag ¥F3h= Znoji7e R gl 3] 2%
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T A 2FF RN L nicrocapsules UL SEM(scanning
electron micrograph) £3le] FAlS TAIGon, ¢=}8] A7) Laser
particle size& 7] & AH&3le] 7] B2 E FHsGE 53] o7 717
Az FBAAEC] RujHEY 80 nX e FFE IHsY ¥ FF
& ol M2A HAY APRAS HY3dch

4. SHAA=2A 2u]MT% Bifidobacteriad) F&E gl mlxX& Arixe
%

ZolHF ARA] F52 PEES HFH3Y] 3t g AAARE
Zistden 38 QAEEE FF9  H718},  yeast extract®},
cryoprotectant$f (glycerol, lactose), ¥Al¥}&|HF (ascorbic acid,
NaHSO3), A (Mga(P0i)2)E Zu|MlF AZA] H7iste) FFo 2L
&3 st

5. Bifidobacteria ¥-§ XujAF2] it L ot A

Be A2 oMt 1g& JY4A(0.5% yeast extract)E Y AF
2} 200m1 (pH=6.810.1) N AF¢IA(pH=1.4+0.1) oM 7] =3}
of §&248S AP FATF &2 1ol 331 MRS Ao
7t8te] gradient Y2 HAMI ThE MRS-Agar BjZ|o)A FI]Z X730
48-72A| 7t 5t uja¥d}o] colon formed unit YOo& FFHUIYES A5
t}.

7t ¥4} L MRS-agar ujz] A=
1) ¥4 Az
Bifidobacteria ¥H&o]| A A2 55% MRS T 0.05%
Yeast extract & FF-4oll H7iste) &3Y thd Paraffin ¥ 3l ¥
Hz2AL 592 autoclave oA 158 o HFslgc).
2) MRS-agar ®jx] Az
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5.5% MRS, 1.5% agar Y 0.05% Cystein HCl & ZF4o] A/} the
autoclave oA 15% Fot HF3to A x}R3s}dc)

U §24%6l A3t A9 0 el Az
6.0g NaCl I 15g Yeast extract & 2900nl Z-F3ol 713l 223 &
shstedch 7.4% HCl 8 MAS] Z13tol pH & 1.430.12 w3qch 254
& 300000 74x] 7bet] WEE 828 UBAOE A&}
20.4g KH:PO, (MW. 136.09) W 15g Yeast extract & 2900ml ZH-<=oj
7bsto] SE3) g3t IN NaOH M A3] 715} pH & 6.8+0.12 224y
Tl FRFTE 3000ml 7Hx] Jistel HIFE S8 AFFYoT AMEIIY

c}.

T}, Poly-lysine A g|& o] u}E Bifidobacteria®] ¢F¢JAS LAt W
2

’}d-& Bifidobacterium cultures, Bifidobacterias -3} alginate
ZolHF U poly-lysine A2|3t Zo|M Ztzt 1 g& °8'°o*3-: (0.5% yeast
extract) B 3¥}Ar}a] (0.05% cysteine HC1)E ¥-{-3F Q29]e) 200 ml
(pH=1.5)0ll A 37CZZoAM 1208 F¢ AHdch Al ¥ &9 Wl
318t} 2.5 % MRS 8ol 7}31o] gradient o & 10° 7px] MY c}S
MRS agar Bix|oll X §7]d =Z3}o] 37T, 48-72x]7H5Qt vj¥sle colon

formed unit YL & FA+E &SA3)c).

gl. M2 2 pH XZo] Bifidobacteria AE&oj tf§t A3

Phosphate buffer (pH=7.4) &0l 0.1M HC1E Al&3le] pHE zZtz}
6.8, 4.0, 2.0 9 1.58 Fol ANZ TIE pH £A& AHZR3Hr)
Bifidobacteria¥t-f- ZnJA7 1g& 2|5le] 200ml A]|E-LNo) (0.5% yeast
extract ¥ 0.05% cysteine HCl #7}) go 37TolA 120 B Zot a3}
Adrh. A]E& 0.IN NaOHZ pHE 6.88 2R3 ¥ 9o} gL wyosw
Bifidobacteria Bad4& ZA3s}e] pH Y3 2 us}ar).
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o}, QlE¢]e¥(pH=1.5) A 2]A|7to]l ulE Bifidobacteria?] &g W3}
Bifidobacteria§ ¥R ZojMITE 1 g& H%¥4 (0.5% yeast
extract) W & 3}A] (0.05% cysteine HC1)E 383t Ql-2$]o) 200 ml
(pH=1.5)0llM 37TRAe] HA|stdct. AR ABgdoz 829 &
2|3l 2.5 % MRS fo]l 715lod gradient M OR 107 7}x] 343 t}g
A|E+& 0.1N NaOHE pHE 6.8 ZAH3t ¥ MRS agar #ixjoflA #7148 =237
Blo] 37C, 48-72A]7tEQt vlo¥3lod colon formed unit Yo MIFSFEH
Z33lo] A 2|Al o] ulE Bifidobacteriall BE&-S HIlsigir).

u}. Bifidobacteria ¥-§ ZXnjAulTe] BREZF AN AF

Bifidobacteria ¥-f ZujMFE petri dish go] 4C XA A WA}
dch 48R A LRH LR sampling 31l A BE AFHYel 1243 &
A7) ¥ sje} B2 WU o= Bifidobacteria AE&E &3sld BEIVT
ZoMe] FF8 BEL HHE P

6. Bifidobacteria ¥+ Zu|AT4 Al FHF MEF2 Hije] njX&
in vivo 37}

7t AB8AY

A7 gAgdAl 88E Awstey A¥E group I} control groupl B 2%
g el AYg-$  Bifidobacterium  bifidum  cultures G
Bifidobacteria %-§ ZXnjM1Ze] NFLE 9o} T WUoz 2y
Th2 gelatin capsuleo] goi w3 R3S ARl e o3 H8A
£ 2oMe HFF =S FYUHA stgrh. FoLFTL 5.0%10° cfu/g
olgden, 1¢ 23 =] 9 i 302Ho & P Yol HEIEF 3
gch  2]3 fecal sample X3 7Hsdt BUY RFiolM Psigon,
A3 Folle WHRBE 1AL 447 ool Bd4-&F S AYstAct A
A2 A 3 d 79 2 B F3Y, 7Y, 44U W FAFT 58
1090 AEhYRESL] chHEE 22stden N3 F S FP 2P
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T F BRulA vigsle) 23 AELE FYsct.

L E8F 4579 &3
A=l o ZFollAJe] Bifidobacteria, Lactic acid bacteria,
Enterobacteriaceae W Staphylococci 4§ ofefe} 22 4£2] vjx|2

AHESte] HBstglen FF wjdg 2 SFux| e A2E olale} Pr).

-Bifidobacteria &% HfiX|

v A =243 A% (g)
BL agar 58
Sodium propionate 15
Paromomycin 0.05
Neomycin 0.1
Lithium chloride 3
Water added 1000 ml

918} o] A=Y che gt FE3] L3S AW ¥ 121C 20 B
¢ A2 E StArh AMSATIAE 55C 804 @St

Bifidobacteria®] 4d=§ulix] BS mediumofjA] 37T, 48-72A1Z V7R =2A
oM vl F uixle]ol HAE colonys &t& Eslo] Bifidobacteria
colony TH& &3 3}9ich

-Lactic acid bacteria &% HjX|

L ] A& (g)
Lactobacilli MRS broth 55
Agar 15
NaN3 0.2
Water added 1000 ml

$19} ol ARY the stgste] R3] &M AU ¥ 121C, 20 B
¢ WEAeE stk A8A7AIE= 55C Lo B@sigc)

Lactic acid bacteira =8| MRS agar mediumoljA] 37TC, 48-724]3}
B3 RANA vt F x| 2lo] ZA colonyE ¢S Bl A
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3tgct.

-Enterobacteriaceae &% HiX|

wj R = AHE-EF (g)
EMB agar 27 g
Water added 1000 mi

19} o] AZY o} 7FEE&3 F 121C 20 & 5 LA E 3
tl AFRAZIRE 55T $LollA R #ASIGCE Enterobacteriaceae 41ejul
2] EMB agar mediumollA] 37°C, 48AI17 Z7]4 Z oA vjgyt F ujx]¢loj
433 53T colonyE &¢& T3l AF3tadct

-Staphylococci & HiX|

v =] 248 AHE-% (g)
Baird-parker agar base 63
Bacto EY Tellurite 50 (ml)
Vater 950 (ml)

912} o) Baird-parker agar baseZ 950 ml FHof EAIYUCH: 7Hd
Blo] AB] L3t 121 Tl 1585 ERA & stdct. FIF2
o)A mj2] 7}E3¥ Bacto EY Tellurite®%E 50mlE 7RIt AH§A7A]
£ 55C 8ol Bustglct.

Staphylococci 41&Juj=| Baird-parked agar mediumoflA] 37C 48A|7t &
718 2A00A wjgRY F iR $lo FFY 53 colonyE FU& T3t Al
&3tqct

t}. Bifidobacteria §-§ ZuA77} AAl 2Hel Beld B4l oiy o
&

Bifidobacteria ¥§ ZulHZ X 4le FE FoIF ¥ wpailE
(frequency), thde] HE X Wi Eorel HetE AW ol 2tdatel chst
o E19] ofdl 7l&el wet B7sredct,
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Table 1.

Score and criterion for evaluation of characteristics of

stool before,

during and

Bifidobacteria-loaded microparticles

after taking

Scores | Frequency of stools/day | Amount of stools |Viscosity of stools
1 irregular highly reduced very soft
2 haif reduced soft
3 one normal normal
4 two increase hard
5 three highly increased very hard

_72_




434 Az Q 2

1.Bifidobacteriag 83t XpjAe 2Y W 37 EX

E o] A}2% Air atomizationAx|2) BAREE Fig.1lo] UeEhAS]
Th Air atomizationFA & Agstel AW ZulAFe VAWER AR
o] Ao]E Fig.20) Vet Bifidobacteria T Xu|MFo] FHAH
gare TR FHL AN particle BYE Uepfdrh. o B
sodium alginate 57} 1.2%Q of 93 IS o2E 1.5% 2% €A Z
sjojgleitt. ¥HH Bifidobacteria FF loading ol wulel sodium
alginate £o12}e] Zytele] Ayl HHEE 2ol g F%E 7t
Aerl F3 30nlE 200ml sodium alginateo] E4Fsld& wi 2] M2
sato] A Ft3 oL FF 50m1/200m! ©]3 10m1/200ml @ wol]
= yato) B33t} Sodium alginate W #F &Y¢ 4% 8nl/min
o u] XujM7e Aato]l vl Fgt3 F4o] 120l/min f wf RujA
o] #Aate]l BFAstYtl. Air pressures 4&FY F7|E atomization
device o] 23S ZA sodium alginate §o] WIELTE atomization
device OJMEE CaCl, 2o Eabst= 28-S Rl Air pressureZ} H3
45 2ujqF Z7le zokAle BHE Vet
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Air atomization device

Solution inlet

Air/solution mixing
module

Air inet

Prepared microparticles |

CaCl, solution

Fig. 1. Diagram of air atomization device
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20Ky %730

Fig. 2. Surface morphology of Bifidobacteria-loaded microparticles

using scanning electron microscope
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A Bifidobacteria ¥-H ZnuAMF2 HFAJ] sodium alginate B&
7h2.0% o X7} Fdsigon tlRoe2E 1.5% 1.2% &A%} 3
¥ Peristaltic pump® sodium alginate 8943} Bifidobacteria &3 &3}
AL atomization device $43}= %X 7} 8ul/min, 12ml/min ¢ =f ZXn|
Al Z7171(50%) ZALHA UElyton 4ol/min ¢ o & ZujMl7e =27
£ 9 27 dshbe @4e BdFsc 2047 27 BTNE 44
o] VAR xjo]E UtelA] ottt Bifidobacteria®t-§ XmalFe] =)
(50%)+= air pressure 7} HALE ZojA2e AJ]E Aol A¥S L}
Eliglct. #F loading %2 Bifidobacteria®l-§ Zp|Al7e Asje] 2
FUE njAA] ¢kotort go] F/HUS of Ed 2 AP Uit

o]2e] ZulAMte =] W Yado| thyt A}EHE Bifidobacteriad
A3 ZulAF A=A XA FAHURE sodiun alginate 1.5%, <
2 8 ml/min, Y2 0.75 baro]g o] FA} AL 7Eo| curing2 ¢F
1580l ZA3E 93f AF23 poly-I-lysine?] %E= 0.02% o]gc}.
EY XulH2Y slurryE -37CollA 247 d7 F -55TollA 14A|2%

T Ax3e= 2AL Hdsiolch

R TRt 2047 AZTRARC] G Ul 37 fekspd
Table 28} Zt},
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Table 2. Processing parameters for the preparation of
Bifidobacteria-loaded alginate-polylysine

microparticles and their size distribution

No. Alginate Air pressure Deliver'y. rate Cu%ture Size ( um)
conc. (%) (bar) (ml/min) loading (%)
1 1.2% 1.5 8 1.5 90.2 *+30.3
2 1.5% 1.5 8 1.5 86.7 x28.7
3 2.0% 1.5 8 1.5 80.1 *£21.6
4 1.5% 1.0 8 1.5 88.1 +£30.8
5 1.5% 2.0 8 1.5 83.0 *30.5
6 1.5% 1.5 4 1.5 81.4 £28.2
7 1.5% 1.5 12 1.5 92.8 +26.9
8 1.5% 1.5 8 0.5 81.4 *+30.3
9 1.5% 1.5 8 2.5 91.4 £27.1

The 0.02 % poly-I-lysine was invariably used to cross-link
Bifidobacteria-loaded algiante microparticles.

2.5AAZA 20|72 Bifidobacteriad] W& o] nlalE Astxel &
ag

W& R% Bifidobacteria RnlAlF AHZA| tiegt H7lAle] w2
FFEY L vlasigct. FFe & AAE 1.6g& AHSUE of o] <&
Zt &olon) Hriste] ulzl VAY ol gt RA2E viepidrh ¥
Bifidobacteria ¥-§ ZnjAd IS ARA o438 71A] croyprotectant X
A7l W FFEYE UM 5% glycerol HIMA] £ FFRY
& Uetdg e 2.5% lactose 7t A= 8§ $2 Y& BoFge
U ZojH g4 00 $AAALE ehd] diEe] Az of ol
glo] 2% ufA|stgct. 3 yeast extract & Bifidobacteria®] GPFAE
A 2ste] Ariekel wE WEAZY ZojhFFoMY FFEFE FH3)
don 0.5% FtA 2 AAE ehiddeh o8 J1A] antioxidants W
A7k ulel FFEHo] iyt 43 I ASPETE NaHSO; R ascorbic

- 77 -



acid & Z0jAF A2 9 YEA2 HFoNs 2 zlo|& Uehiz] oot

t}. 22} 0.5% NaHS0; H71A] ci2
Ay

IE

TFEYE B Fr

Yehfalch
spraying 3g o)A CaClo§9 HWHol aggregation HALS wAsIYcC) 3
H 2 MY = Mgs(POs),& neutralizer o)) ARSI o 1% MBI &

Ascobic

HE ZRT $2 2042 ¥4 &

acid 37X o= alginate £

Table 3. Formulation the optimization survival of
Bifidobacteria  loaded alginate  poly-I-lysine
microparticles during freeze-drying process
Yeast Cryoprotectant Antioxidant  Neutralizer  Survival

Cul ture Ascorbic rate
extract Glycerol Lactose NaHSOs . Mg3(P04),
Log cfu/g

F1 05¢g - - - - - 7.56 +0.11

F2 15g - - - - - 7.91 +£0.12

F3 25¢g - - - - - 7.67 £0.13

F4 15g 05% - - - - 9.25 £0.08

F5 1.5g 256% - - - - 8.89 £0.17

F6 1.5g - % - - - - 8.35 £0.08

F6 1.5g - % - - - - 7.99 +£0.12

F8 15g - - 25 % - - - 8.90 £0.09

F9 1.5¢g - - 5% - - - 8.25 +0.11

FiI0 1.5g - - 0.5% - - 8.73 £0.20

Fl1 1.5g - - 1% - - 8.19 +0.15

F12 1.5g - - - 0. 25% - 8.51 *0.15

F13 1.5g - - - 0. 5% - 8.61 *0.22

Fl4 15¢g - - - - 1% 8.15 £0.19

F15 1.5¢g - - - - 2% 8.04 0,09

Alginate solution (1.5%) was used invariably used,

o3 =P o=re FHAWZRA] Bifidobacteria®] MEgol njxj= A
7HAIRS 23 24L& o}zl Table 49} Ut}

4
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Table 4. Optimal condition for the survival of Bifidobacteria loaded

in alginate

poly-I-lysine

freeze-drying process

microparticles

during

Alginate

Start culture

Yeast extract|Glycerol

NaHSO0j; | Mga( PO,

)2 H20

1.5g

0.5 g

0.5¢g

5.0g

0. 5g

1.0g

100 ml

3w 57 223 A 2HOE ARY 2uATY §Z A AT
T BELE Fig. 3ol Uehiolch SAAzsA e FF el vist
zAastg oy Fo® 144 HE¢
QAR A Yehigoh 2eu 3 o)F AN £E Az d
F20 572 723 Qo)A P3| AbEHe AELe] A
Yehigch

o 52 AZRE FUY vl 4=2E

=)

L.
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12

11 A

10 1

Survival of bifidobacteria (Log cfu/g)
o

7 4

Freeze-drying time (h)

Fig.3. Effect of freeze-drying time on the survival of bifidobacteria
loaded in alginate poly-/-lysine microparitcles, Bar

represents the standard deviation,
3. Bifidobacteria ¥§ ZmlMlF2] vjatd I g4
7k JAd a4
1) Polylysine A g2|&2}o]] u}E Bifidobacteria?] vj4tid w3}

Bifidobacteriat= H/d 7|4 FLo2A 7t UYAHE 71xa S

B ohzt ol W pH wfEoll F&3] AbEYUch & dFolME
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air-atomization ®H& o]|&3lo] Bifidobacteriag alginate-polylysine
Znj M Fol] Bt AtAaete] FEE XSl alginated] §3F/go] w
gt oA RIAES 3l AEEE  koldl. YUY
Bifidobacteria Y& oAl & FAFA A7t 7hsstejet Algd
=

Bifidobacteria ¥-& alginate® polylysine Ae[3 the] ity &
FA3= Fig.4o] Yepdgich 8 AHelstR] @2 Bifidobacteria
culturel= QIEZg|dol A 1208 Hz F HF4+E 2.85%10° cfu/g oA
10° cfu/g o)5t2 243 743501} alginate Zn]MF W polylysine
A2|gt 2o H72] Bifidobacterial Z}2t 2.62x10" cfu/g X 3.46X
10" cfurg ¢ & ¥AE FAATh ol BUEBUE AHEY alginate
o] pHel&A S34d At polylysine A elof whE IUEAUL] A ¥R
22 Ag®ch ¥W RojHFol ol ¢ vjx]F2] Bifidobacteriat
AFS o] =& A] vlE APEE O] 1208 F BEES &3 4 fadch
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1 i Bifidobacteria culture (pH 6.8)
V77 Bifidobacteria culture
Bifidobacteria-loaded alginate microparticles
_ W Bifidobacteria-loaded alginate poly- Llysine
80 10 — microparticles
2
Q ~
o0
3
97
=
2 b
Eos-
7 =
%
6= T

Fig.4. Comparison of survival of bifidobacteria loaded in alginate
and alginate poly-/-lysine microparticles after 120 wmin
treatment in simulated gastric fluid (without pepsin, pH
1.5). ®p<0.01, compared to bifidobacteria culture in
simulated gastric fluid: %, the survival was less than 10°

cfu/g.

2) A Z thE pH ZZo] Bifidobacteria E-gof ctjgt odat

pH W3o] ulE bifidobacteria -f Zm[MFe] wjaby A A=
Fig. 50 Utehflch. Bifidobacteriat pH7} &€ ZZAoJME oA o]
B2 848E vehfigdout pHyt Aslgel whel #o] A3islgictt. & )
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£ zAof ul3ted pH 6.8014 AU $2 EJ & EAFIUL pH 1,504 7}
2} ygith 8L} alginate polylysine B A 2]¥ bifidobacteriax &
o pH 204 §AU BEEl WE pHOINE 2A HotEA U v
A& vepfodch weld it ARY £ gle KA qF AAEHS
7Hs7g°] AlAHdTh

11 ~

10
/D?) a
% 9 - a
° T
=]
<
T;‘
§ g .
7]
7 \
T
|
6 - . N\
7.4 4.0 2.0

pH

Fig.5. Effect of pH on the survival of bifidobacteria loaded in
alginate poly-I-lysine pmicroparticles, Bar represents standard

deviation, *p<0.05, compared to pH 1.5 and pH 2.0.

3) Ql@e]el(pH=1.5) H2|A|Zte] e Bifidobacteria®] BEE ™ 3}
H] £ Bifidobacteria® ¥3t= o) H27t gatel] GAFAR =EF
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o mely odiFE AlEE <+ Atk AdFHY Aexge mE
Bifidobacteria ¥ Zu|MFTF FF2 VEHHE Fig 6o Uehfgct
0EA 60E7IA = AFHY Held Brl 33 B2 A xjolst ¢l
Ao1H(10° cfu/g) 90RoIA 1202 lolofes ARSIA ZLAd= AU B
3ol et 24zt (6.92+2.45)X10° cfu/g L (4.47%2.75) X107 cfu/g &
B g A8t ol gastric emptying Alto] 0% HEQl A
3P BT F FE3] W2 2 BifidobacteriaZl & o2 o]
ASS o F AUtk tRo] A Fo)] B3t AL 912 pHE &Y 4

Zold HEEL U goelel Al8HLL

o oy Hr
i o 2 rfo
BN

34

10 1

6 4 r — T — — ¥ v v

0 30 60 90 120

Treatment time (min)

Fig.6. Survival of bifidobacteria loaded in alginate poly-I-lysine
microparticles in simulated gastric fluid (without pepsin, pH
1.5) as a function of time. Bar represents the standard

deviation.
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L}, Bifidobacteria ¥f RpjAe] AL g3

Bifidobacteria ¥+ EHF o ZnlMe] WARANNML(4T) A
AY A= Fig. 70 EAIBI T XojatZo] $¥F-3F Bifidobacteriat 2
Z7AE WA WHE UehlA] dgton 10°- 10° cfug 43¢ B
& fAstch 45 FFE 163718 Aol uigt d4RsA gas)
gdou 9.12x107cfu/gol M 1.66%X107 cfu/g AtolellN QBHL & 4 g
et 1Y 205 Folle vzl W ¥HE(6.0x10° cfurg) RojFg
th AR fAE AAL fE VIte] 209 BE UL ALY o &
Bifidobacteria¥h-f ZujHlT+ FF FAtzd] vlgy AF2} 330 £
g 4 dlese} AlgHCt

— —
o (=) —
" -

Survival (Log cfu/g)
o0

0 2 4 o6 8 10 12 14 16 18 20

Time (week)

Fig.7. Stability of bifidobacteria-loaded alginate poly-Il-lysine
microparticles during storage in a refrigerator at 4C. Bar

represents the standard deviation,
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4. Bifidobacteria ¥f ZujA7Y A}gt EHZF AlF2e Wil nxe=

in vivo 37}
7} g 2o Hst

" Bifidobacteria ¥+ ZoHT ZAFRS F  ofH  Zore
Bifidobacteria Ad<2] ZFZAz}= Fig.8o] UYEeRIYCE. Algde
Bifidobacteria cultureE H-&% FolrM: E&AF VAT Hs g
21} Bifidobacteria §-f ZulMFE E&3 FolMe BHF P fab
2 F47L A IRt @AE RAFdrh & B4d iy
Bifidobacterial AdTre 2.51%1.62) x10°fu/g ol on}
Bifidobacteria ¥+ ZulH7TE 58 F 3¢, 7¢d U Mo 2z
6.0+2.2, 7.2%2.19 @ 55%3.2 (x10° cfu/g)o]QArh.

Bifidobacteria ¥ RujAj7 F1F F BH FofA¢ Lactic acid
bacteria, Enterobacteriaceae I Staphylococci2] HEE Fig.9, 10
110 Z+z} vepuigict. At& Bifidobacteria B! Bifidobacteria & X
oS B8 WF ciEFolMY ol 3712 FFE BF UNE vy
Z¥E Ushiglen Sojyunist F39 F71 2 A AL 1Hslx

Zstacth
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Fig.8. Changes of bifidobacteria in feces after oral administration
of bifidobacteria-loaded alginate poly-/-lysine microparticles

to human subjects. Bar represents the standard deviation,

p<0. 05, compared to before study period.
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Fig.9. Changes of lactic acid bacteria in feces after oral
administration of bifidobacteria-loaded alginate
poly-I/-lysine microparticles to human beings, Bar represents

the standard deviation.

_88_



10 -

—e— Bifidobacteria cultures
~ —=— Bifidobacteria-loaded alginate poly-/-lysine
E) microparticles
[3) 9 1
an
Q
<
-
[
=]
l
Q
<
°
8 7}
8§
G
s
IS
2
5 °
wn
5 J r T T T T T T T 1
before-7 before-3 after-3 after-7 after-14 stop-5 stop-10
Time (day)

Fig.10. Changes of enterobacteriaceae in feces after oral
administration of bifidobacteria-loaded alginate
poly-/-lysine microparticles to human beings. Bar represents

the standard deviation.
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Survival of staphylococci (Log cfu/g)

Fig.11.
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Changes of staphylococci in feces after oral admin_istr'ation
of bifidobacteria-loaded alginate poly-I-lysine
microparticles to human beings. Bar represents the standard

deviation,

L ool EejF 5o w3

Bifidobacteria ZFof ¥ u*H frequency, th¥ Ax gl ujore]
WS Fig. 120] EA|3}gic). Bifidobacteria &% £ 7}x] ABZA
E5 ud frequencyZt F718Hil chHe] HEr) ZAsH: QAre Uehjgl
oo w2 VA HEI} glgit). o] Bifidobacteriayl AWLZL
3t HuX Rol §-&31A LY Ao AlgHc)
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Table 5. Physical characteristics of stools after oral administration
of bifidobacteria-loaded alginate poly-/-lysine

microparticles.

before after stop

A group 1.00+0, 00 1.3420.75 0.88%0.75
Frequency

B group 0.71%0. 34 1.1310. 63 0.710.34

A group 2.75%0,50 2.50%0. 58 2.75%0.50
Amount

B group 3.25%0.50 3.25%0.96 2.75%0.50

A group 3.000. 82 2.25%0. 50 2.50+0. 58
Viscosity

B group 3.25%0. 50 2.00+0. 00 3.00%0.00

A group: Bifidobacteria cultures were orally given. B group,
Bidobacteria-loaded alginate poly-/-lysine microparticles were orally

given.
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A4d 3

Z7128 g0l 2%t Bifidobacteriad TFdles ZuAlFY A=2A] 3
T3z 2uH2Y 327 9 FAol thyt A2 FE sodiun alginate
1.5%, 942 8 ml/min, YL 0.75 baro|gom EA} A7+ 7807
curingS ¢ 15&80|qitl. HAEH RujAlgs 2o JI7ke FRo|L MY
3 EFAY Ygolgden EHL wif EFETY F+2F JHXL gt
A=) A7l oF 80-90unE UEhildth T YF Az2F 25 BE
£S5 A3 5] AP vy HIHAE d+stdem 0.5 g Start
culture, 0.5g Yeast extract, 5.0g Glycerol, 0.5g NaHSO3 1.0g Mgs(PQs):
& 2o AXA 710 o A AEES Liepdch EY Zoj4
22| slurryE -37CollA 2A12t ARl F -55TColA AL ¥F D=3
3 zA4& Hystach

2ol #a)3lr] ¢S Bifidobacteria culturex UFGolA 1208 A
g ¥ AFFE 10° cfwg o3t I3 Fasigour znaFFe
Bifidobacteriax 10 cfuwgd & AL {3t BYAH
Bifidobacterial W& pHold= AEFol IA Asi=A] U Ut E
vepdigdch @9 AF AelA el uhE Bifidobacterial] JEE&L
3080 A 60E7IA = AFHY Aed Brl ZF EJ2 AU Aol7} ¢l
gor} 90 oA 1208 Alololls YA AL FRLS HAFolen}
Folx 10" cfwgd] &S ¥IL Fxstdch 2oz #$/¥
Bifidobacteria® 459 WAio] B 2271x]& 10°- 10" cfu/g &
o &L BYL AAsIALn 165712 HolE 10cfu/ge] WEES LE}
ugch.
x}] & Bifidobacteria X Bfidobacteria ¥-F Zn|M3E ZF+ &
¥ 498§ Bifidobacteria cultured &3 Fojde HE&IF @~
371 glgl et Bifidobacteria¥t-f oM E EHE&3 Zolds £HEF #
U fatde] 471 33 Foiste e RoiFdch. a8y 28 F
o]l tT}E F&9Q Lactic acid bacteria, Enterobacteriaceae %

Staphylococci BT T2 ulx3t AL vehiglon Sojdgiyt &
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& B¥L 2slA] Zstodrh. €9 Bifidobacteria £
HEZNA EF wid frequencyst F713la tiHe] BE)
Ao @A Wt glgich

olgel AUERE F7IEAbdel o) AzHL Bifidobacteria T-H
ZOAFE /7180E A8 A8slx] gomA w3 dxte] Ay)s} ztan
FTT WA ABYE Uehigon Algte] oA g SatFe] F
3ol F7MHE ZLE B u FE-uYT S Y8 FAHBoF ALY 4

9 Ao AzkR
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X 4 & zie 849 70 it
Bifidobacteria ZO|M|TF2e| &3}

A 1Ad A

Bifidobacterialx §7]4d MHFLZE, AHALS HASlH B2HE HH Ro}
o] Aol A WA”TIT B aHu} gltt (Tisser, 1899). Elie Metchnikoff
L Bifidobacteria7} ZZ}to] Gl3t §E & 4 iz Ao =ets}
o (Mechnikoff, 1908), U&EH FA|E o ¢l: bifidobacteria:= 2
3t AU HollA F3tetil & da{A glrh(Chandan, 1989). °l&
2 54 foly 44U A microflorad] #¥E FX¥ 4+ glen
(Bullen et al., 1977), mitogenic ®¥+22] 73} (Simone et al., 1992),
Hddol] Y 2 AYEE JHAAY 4 Qv (Duffy et al., 1993
Yasui et al., 1996). £ AU ZH2HE $X& S| 145 olct
(Gilliland et al., 1989: Klaver et al., 1990). o|¢} Ze Jj%2
bifidobacteria& A3 S5 HAJAE 2IY + oriz oFHr}
{Fernandes et al., 1990).

Bifidobacterial® macrophage®} lymphocyte?] &2 4% (Hatcher et
al.,1993), 3Nl %4, spleeni} Peyer’s patch (PP)oflA] mitogenic
response (Kado-oka et al., 1991) 2} natural killer cell (Igarashi et
al., 1990) ¢ 715 ZANA AAHY &3e Aeslsg YA,
ol ¥yt WUt HAANE WU Zde] iyt Aol FriEn
BRH L2 &S AYE 4 vt $5Hch Perdigon § (1991)2 3
A A bacteriag FHLE HAHAZE o hoste] mucosal immunityr}
Z7l=l9dcts da3jA olr). EJE foloAl Lactobacillus GG, human
Lactobacillus straing& XE¥sIT gl= LI FAHES Y4 o,
rotavirusol] thgt EA& IgA response’} thRIto] v|3] Z7}8tdc} (Kaila
et al.., 1992). A BH€A Md2 viruss 552 mucosal surfaceo] A
71488} 7] wiEol dietary lactic acid bacteriaZ} Aol ozt &3 e

.,.:
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ol 5o sl F&Hc)

ABBA, ZEIA, vixI|AT FUES Fuig nPEL T
94 AAEA F@A ARl gt AAY Y¥old N&HoE o
5 dde HAdo]l AlEEE H4o]7] uwfEo] (Hanson & Brandtzaeg,
1989), MaAL 2% el Aol thulsy] stel shREH, sty
2% systemic imunity $H= FHSHA PEsEE Y Wy z2zg 7#n
itk ol Au-EAold &% 72e4 UG BT PolslsS sl
Aatol A &3t gt} (Holmgren et al., 1992). o]@ 3t Aut Wl
FolME 53] T FAYAL M 2 FYoly ol WL lympoid
organo]] &2i3t= B cellE2 A E EuUOEH 8 31le] Mg A
Z|3tet, o3t J|HEZE= PP, mesenteric lymph node (MLN), Lamina
propria (LP) Fo| &zj¥tt} (McGhee et al., 1992 : Russell et al.,
1991).

Fdol BFE T3 FUHE S0l PP AWM Zo E23H= M cell
< B3 PPE AYE| T (Owen et al., 1990) oJ7jo)A 3tUEo)z mHejul
So| dojit B cell®] 7 tFE 349l Eol3 Igh B cell® $9o| &
B} ol HBE Bl 3 EolF Igh' B cellE £3}H B cell
MLN, thoracic ductE& B3] HFALHE AX F HEHo 2 ] Ao
LPE homingd}A] &=t (Stollman et al., 1989) oJ7]ojlA] IgA B cellS
plasma cell® &3] IgAS &u|slA YT} (McGhee et al., 1992 a :
Briere et al., 1994 a). o]F IgAx AU A Xof 23] MAMH secretory
componentiu B2 AEol ¥olo] FAu EulELI 4o AvzAL B
3 B2 FujAct lgAt FolM BdAo] o3 Hgog Wols gyt
She FAZ A oA Qrh.  1gAs AA) A class F Aol Zx)35)
= AriFoR Rol 80% F=E ARt FujolA 713 o] Hulx=
pilolch, 223 ¥R Mol Bu) zeld Zajs) wdle ¥z A%
g Y 545 FIHAIIN s EslE4Y 2A8E Sl (Kagnoff,
1987). 2ul¥ IgA: Fubdulel Roz A3k WA ugEs} gz
A AER Z2 AFEAC izt Ay Wojyo] o] Fatg 3l

L% B& RI¥r) (Lambert et al., 1974). & Zof LPSE =} S

o°“ ]
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Ze] B cell® 3t TOF- 812 npLAL} Algte] B cellojX= Igh ¥4
& My ow ZNAPUE RIAF 8} Q). EI TGF-B1E IL-2 &
11-58} 37 Igh £u]E o FAAUct daA dct (Kim & Kagnoff
et al., 1990).

A 2712 At E vie} o] AHGL AN HANANA FoT F
&g ©uslm, bifidobacterium WA WH7 S AT &
7} Qi FAE T QAT ok 7tx] A AupH o] niAEs FAHA 7
Lol i s A7 v gich uwigbd £ AFoME otelel iy nie}
Zol 1 o] vhsh Ixhdxo] AAH zAbsieich

O

B 1o 1xdxo]A= WA bifidobacteiraZ} B cell®] &#3lof mjx]+=
ggke Brsigct 2 dFoME 7B SR spleen B celld] A ol

L bifidobacteira®] ®3¥& ELISA%} flow cytometry® H7}31H 3 AX
Zalo] n]x]L bifidobacteira®] ®3FE thymidine uptake WHLZ 433314
th A4t Ao Y=zl Peyer’s patch®t mesenteric lymph node B
cell®] 3A| §d%of n|x|& bifidobacteira®] BAHHEL in vitrooA 24}
sledct, npx]wto g bifidobacteria?] A EA Hido thyt TGF-betal 2} IL-5
o ¥ BIistalrh

2xPd ol Al = bifidobacteria®] ujo¥ele] B cell ¥4 FHE AR
3 A2 RARNE npeAE o Frietgch widde] Eate 1ARd
2] Aol BYPH AY r]a}dg FHEslolch Bifidobacteria®] Z7 F
of ZANE Hs] st 437 2del 13] 4 Fofsiolrh. WA umhea
spleen B celld] 3t #do] oyt &EAE ZAPBIEcth  in vitroofA
bifidobacteria® spleen cell& X}ZAlZl ¥ 747t ufjok3t F ELISA o g
Z2 yAare 2Astn U YA ME 49 H3l: ELISPOT assay® A% 3}
dch o) Zaiske AAAZY Bl nlXe U AR AdA=
spleen cell®} U &}A Peyer's patch®}l mesenteric lymph node cellofl chsf
814 §44%5S ELISPOT assay® ZXAlstith. 123l bifidobacteria M 2}
2 YA B celld) MeiAA Iga 3N €4 FEE $18) cytokineqd IL-52}
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TOF-betal & AME3IE T 3A] YA 52 ELISAZ ZAstadn}. nxjwto g o)A
7 bifidobacteriad o 7] B OZ Eodt T st wiog 3ty

Bl nlale F¥E FAzt oM zAlstolct,

IRI e M= ZnjAFL Bifidobacteria®l ZF $o AIE ALHow
zZApstolrt. &, UiZ7tR] Aolgls bifidobacteriun®] & F71A]7)7] ¢
3 alginate® bifidobacteriumE ZnjM|LEA|A 457 BALB/C u}-LAof
Foisle] spleen, MIN, PPolA ] AYY FRE doliolrt, 2 A3} 2
o &3 bifidobacteriumo] thZF, bifidobacterium cell & F7HY
AlZL ZU R} spleen, MINOJA o] W IgA AP L Br) olzew
Hol HEE BEOE BeAAE Ruch: ZuATARAAE o] A7
_‘;'—'_'%-_}3}—‘5 ARZFE F7MA 39 HIANAE A Zcin FA L
The @Al ML 7} T cell I macrophageol bl 31 otny] ¢l
bifidobacteira® spleen cell& HAI3IA]7]1 & RT-PCR ® O ¥ cytokine
iy weE ZxPstgdct. FA|ZF o8 B cell?] polyclonal activatorl
LPS2} T cell®] polyclonal activatorQl ConA & Ad3}A|F1 spleen cell
of 2] cytokine UL [t} bifidobacteria’} macrophagel} T
cell®] ®7}2] cytokine®HI & FIAILE HAY £ gt olizte 4
#}= bifidobacteriaZ} T cellz} macrophage?] ¥Wh2-& A FHoT ZAJ

4 g AlATH
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A 2A Qs WP

1. AEFE
BALB/C ul-2& Zdtidta nBEF FEBFZF MM AR5l
AEF 8-12538 w2 AHE3iATh

2. Bifidobacterium bifidum®] w}o}EH]

Bi fidobacterium bifidumE MRS v x]ofj A ujedr|Zit}. MRS wiA|&= 0. 5%
L-cystein,. HC1=} 0.1% sodium azideE -F-2] Al@Ho] Yol WAI =
Liquid paraffing ¥}x] $lol ¢ 1.5 ml A5 2& ¥ 507 37CoA bl
orstadct. 1-5¢ wiRt B bifidurs Y X}8|lE washingd}eit}. MRS wj
2] #1%ol parpffin 0il& Zod F v} AFUE 400goll A 1027 YA
2a)3}odr}. bacteriai HBSSE 23 HlojFlch. o] A4 utele|o} 4
& 1X10° cell/well & wb3eirt. 28] UbA] RPMI-1640 ul=]of M2}
i QdsdS g Yol -20To] Rusigict

3. Encapsulatedbbacterial cell counting
784 3}l9 Bifidobacteria &#l2] 5 mlo] F/F 30 nlE& Y&

suspension 3}it}t. THELZ 1000 rpmollA] 5&EZF WA & thy A4
42 wzch 2 nl Fuo &g ¥ ¥ 100 ol tubeo] YT o
tube of] 0.01 M PBS with 0.1% yeast extractES YTl tube?] L|&Fo]
ez oA Q78 B3 5| 37C shakerofA] 447+ F3itl. capsuleo] 74
A A& dnjF o et thF 50 ml tubeo]| A T2 ¥ 1000 rpmoil A
dA¥e stdcot, AEd e ok MESFE Astalch

ot

o

4, Bi fidobacterium bifidum cell2} Encapsulated Bifidobacterium
bifidum®] 7hdA S

7. ohese] A
ahgrel Wele 437 2 NAOE FROET WAZACh m Aol
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gt FFEge g #E ez £y oAy
bifidobacterium powder& W& 0.01 M PBSof| 1x10° cells/ml o] HE
E powder 0.1 g2} 0.01 M PBS 5 ml-& 2 AL ¥
needled Al23to] L7t o T Fo3ldr}. Bifidobacterium bifidum cell S
2L WHLE s RO Fostgrt. oheA ¥ nlElg 13 Fo
T2 500 2 stoich. tiz2Fe] At olf & Fosix] ¢k ohe

22 Adgstolch

—_—

tip blunted feeding

L oheAo g

o220 P2 45 HYA F 7d wof 7PHA ethyl etherE nj3]
AlZ1 ¥ retroorbital bleeding WH o2 Y3t A3 P& 4T
oA 2417t FQF &Folx] UEF BUY F JAETstd EHHS 6}

A3 BAH7 A7 20Colq Hasiscy,

ch oo 23
el A3 upELaE % 1)

Hof sIARE vz RS ANEPAR W] P F 2 gse A
chsle] A4S Eejsiact. EeldH 4332 PBSE o]€3ld 1 JBE AR
of MAstact. IF £%2 256 needle FAIE o83t Aolx]% 74
F2lofl 2 ml8] soybean trypsin inhibitor (0.1 mg/ml) 7} B7}E lavage
solution (NaCl 25 nM, NaSO; 40 mM, KCl1 10 mM, NaHCO; 20 mM,
Polyethylene glycol ; average M.W. 3350 48.5 mM) & FA}3lgt) AL
ol 1027t FAAZ F 2 mle EDTA solution (50 mM) o] Sojdl:
centrifuge tubeo] Al WEEELS RMAYA ©olrl 2o sampled]
PBSE 718t & FI& 6 mlE TE F Z61A vortaxingA]Zl thHE 650 g
oA 1087 QAFelstgdrt. o] sampled] A5 3 mlE 2]3}o] 95%¢)
ethanolol] ¢! 30 £2] phenylmethylsul fonyl fluoride (PMSF, 100 mM)

HAd EB27 B F 45D 2 01 S 338lo] 20 4£2] PMSFE} ZFFo] =91
20 L8] 1% sodium azide& 7}3}o] 15687 420 & F BN Azlx] -2
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ocolA R#stsdch

gh. mpga AR 2
1) Spleen cell
spleen cell2 Murray et al. (1987)ol] &3t whyo= Fulstgict. nt
o x0) A spleend H2|5td x}71& PBSol Y2 ¥l needlez}t forcepd A
g3tod M7} wiA UQEE Ziglrl. AoA 587 IthE Fol ZHA-
2 sletorsich, A5t 213 thE 500 golM 5 FAEelstAch
Rsele ez MEo HYTE TS ¢8| 0.83% ammonium
chloride solutiong& A713t 5 At2oA 587t F¢olth. o] F ammonium
chloride solution?] 5u]2] HBSSE Y& % suspensiondliti. AX
suspension HBSSE F M o washingdloith HE4LE A e

RPMI-1640+10% FBSol A2 & YL tlg ¥ $lolAd Rustqrt.

2) MLN cells

o} Aol MINS 2e[3 thd HEZE PBSo| ¥ needlez} forcep
& Mgt AET} wld U EE ZAdch AHE= suspension¥t ¥ 500g
oA 587 P Eelstgdtt. 2F HBSSE F W washing ¥ ThE AIZFE
Al The AE RPMI-1640+10% FBSO] Y& The IS $lold mastdl
=3

3) PP cells

PP cellS Frangakis et al, (1982)of &j&t WHo= Zu|stgct, ohg
Ao B7re Asstn 2P RE PPE Eeld) W F AIHE PBsoll &2
t}. T} PP RPMI-1640+Dispase 50 mlof YL 37TolA 3023
stirring dtgth. 2" kg Eesel U2 AEE EHstn dE
supernatant 30 ml¥+E AW % 500 golA LA RF T} HBSSE
washing ¥ 10% FBS-RPMI-1640 2mloi] resuspension¥t ¥ A3 ¢lo] 23
st3, wolgliE Zo| thA A= Dispase+RPMI 1640& 715t 33
o wtEsioct
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5. Isotype-specific ELISA

Goat anti-mouse isotype spesific antibody& 1.2 wg/ml 522
sodium bicarbonate buffer (pH 9.2) & Al&3t 96 well plateo]
coating3t Tt 4TCollA] overnight A|Zl F 0.5% gelating o] &3} 37C
o 4 1X|Zt blockingA|ZiTth. PBSTE 33] MA ¥ wellw 50 2] A|X uf
oy 2} standard protein& 0.5% gelatino 3]X3le] 37CollA] 147t ¥r-g
AlZl F plateE 3H B3 horseradish peroxidase-conjugated goat
anti-mouse antibodyE 1.2 wg/ml HEF 50 M8 Y2 & 37CoA] 147}
¢ WgAIZch 4bg ¥ PBSTE 3%, 3x FH4E 2y e F
substrateql [2,2-azino-bis (3-ethylbenzhiazolin) -6-sulfuric acid]
£ 50 @5 Y3 o 10-15& 7 WHgA]Z F 405 nn Tl ELISA reader
£ o83l FBEE &St

6. ELISPOT assay

isotype-specific antibody-secreting cell & ZA3}7] 939
ELISPOT assayE AlX|5}%t}. Anti-mouse isotype-specific antibodyS
0.05 M sodium bicarbonate bufferef 1.2 p/mé2] %52 nitrocellulose
bottomed polystyrene 96-well microplateso]| coatingdleit} (Costar,
Cambridge, MA). 4°Coll4] overnighat incubationA]ZIt}< 0.05% Twee_n—20
L TSt 9= PBS (PBST) & Ao]& v}l 1% gelatin solution 200
MUE 1A 45t 37°ColA blocking3}AT}. PBSTE Hol& ¥ RPMI-16400]
At MEZE 7 well® 1.5x10%0] =8 Yol& t}g 37ColA 44T
¢t ufjoFA|Zict. PBSTR 3% AlojF =| Biotin-conjugated gote anti-mouse
Ig isotyped 0.5% gelatino] 1:10002.% A3t T} 7t well 150 ub
g gol& %] 37TollA 143} F¢F incubation AJZAT}. PBSTE 3% #loj
£ %] Avidin-peroxidase& 1:10002. % 3]A{3] Z} wellQ 150 4% Qo]
H AT FoM Aoz 1A 30837 incubation AJZT}. plated
PBSTEZ A& ¥ AEC (3-amino-9-ethyl carbazole) & Yo|F 3 1587t ut

$A17 ThS spot2 ¥n]Z3}lollA countingdteitt.
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7. RNA £2

wjoksl B cell, 0.5~1X10" cellsoll TRIzol (Gibco) 1méE A 2|3|A
lysisA|Z) ¥ Aol 587 WX thd 20049 chloroforng T3t
AA EE Fa 4T, 12,000gA 1587 WHEeIstATh  aqueous
phaseE A tubeo %Zj —?— 500/£2] isopropyl alcohol& HE7lstn A2
ol 108 ¥AT ¥ 12,000 g oA 1027 WA Eelstdct. IS
(RASE RNA)E 75% cold ethanol® B o|F£31 7,500g oflA] 527 4l
3t: Aes] w3l thE DEPC-H0 50utoll sgith HA RNAE R8-St
reverse transcriptiono] Eo]7}7] %A UV Spectrophotometer A260/A280
m FFEolA &8st RNAY] purity AR A F Fx71 500ng/4 T}
%] =& DEPC-H 0= A3}l

—_—

8. RT-PCR
7}. Reverse Transcription

Zu)S) 7z} RNAZ 10 mMe] Tris, 50 mMe] KCI, 5 mM2] MgCly, Z}Zt 1 oM
o] dATP, dCTP, dGTP&} dTTP, 20 U#] RNasin (ribonuclease inhibitor :
Promega), 0.1 u£2] oligo (dT)is (Boehringer Mannheim)Z} 50 U M-MLV
reverse transcriptase (BRL)&] ZZA3lollA] PCR tubeo] 3L RNAE 2 S
Wo] 37CollA 60 ¥ =t reverse transcription A]Z1 F 95CoA 10 &
%0} heat-inactivationd}il 4CollA A A}

1}, Primer?] &Hj
1) B-actin primer
3’ - TGACGGGGTCACCCACACTGTGCCCATCTA
5’ - CTAGAAGCACTGCGGTGGACGATGGAGGG
2) TGF- B1 primer
3’ - CTGCTCCACCTTGGGCTTGCGACCCAC
5’ - CGGGGCGACCTGGGCACCATCCATGAC
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3) TNF- ¢ primer

3" - TACAGGCTTGTCACTCGAATT

5" - ATGAGCACAGAAAGCATGATC
4) IL-2 primer

3" - CTTATGTGTTGTAAGCAGGAGGTAC

5’ - CCTGAGCAGGATGGAGAATTACAG
5) IL-4 primer

3" - GCATGGTGGCTCAGTACTACG

5" - CTTCTTTCTCGAATGTACCAGG
6) IL-5 primer

3" - AGGTAATCCAGGAACTGCCTCGTC

5’ - ATGAGCACAGTGGTGAAAGAGACC
7) IL-6 primer

3’ - CTGTTAGGAGAGCATTGGAAATTG

5" - GAACGATAGTCAATTCCAGAAACC
8) IL-10 primer

3" - TCATTCATGGCCTTGTAGACAC

5" - AGCTGGACAACATACTGCTAACC
9) IL-12 primer

3" - TGGAGCACTCCCCATTCCATT

5’ - AGAGGTGGACTGGACTCCCGA
10) IFN-y primer

3’ - GGCTGGATTCCGGCAACA

5" - CGCTACACACTGCATCTTGG

C}. Polymerase Chain Reaction

RT7} €%t <DNA products& PCR buffer (10 mM Tris, 50 mM KCl, 2 mM
MgCl,, Z+Z} 200 uM dATP, dCTP, dGTP$} dTTP)oll Y3l specific 5’ 2} 3¢
primer§ ZtZ} 25 pmol®] BEE YL ¥ PCRE 4-3¥3tsich. PCRY

temperature profile2 95CollA 1 #Z} denaturation, 55Colx 1 &7}
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annealing, 72ColA 1 #7t extensiond}o] 35 cycleE $383}sitl. PCR

products= 2% agarose gel AJollA ¥elstgic}

9. Flow cytometry 2

AEefots ¢ HEE 500 golld WAl elsted £AY F dizethyl
sul foxide in sucrose-citrate buffer (Becton Dickinson, San Jose, CA,
Usa) 1 wme® Aojwit}, 0.5% BSAR} 0.1% sodiun azideE -E 33t PRBSE 2WH
Aol 5|, 200 4£2] PBSoll 5X10°~1x10° &] MEZE Y3 FITC7/} AYH
goat anti-IgA 3}A|& (Becton Dickinson, San Jose, CA, USA)E £ &
57} 25 pg/meo] EHEF Y2 H WS AU YelE 4TolA 30E3¢ W
Al Zch 9ol Byt F nkgEtA| o2 HAE AASI] 28] 0.5% BSAL}
0.1% sodium azideE X3t PBSE 22H Hlojdl ¥ 4TolM Rugt
FACScan (Becton Dickinson, Mountain View, CA, USA)Z A3l M =
Holl WHELE [gA YAE BHSI3UCL

10. X9 22

Qte}%E 28 (retroorbital bleeding)& AH&sle] P& LArh ot
$AE ether® DA F RALPA FFRE &2 HAsAch
heparin® 8 XA 2|H BMBE npeLo] tepdol Aejde] 2ALHA
HAAIIHA BARE Bt v YL 2ot o] Y2 4ToA
overnightA]Zl ¥ 100 gollA] 3 7 HAEDsIY 5o BFUE
microtubeol] Eolr Al§ H7lz] -20Co] EA3tATh

11, Ax3Ale] A%

B bifidum 2} C. perfringensS 96 well ull®} plateo]l £Hd]|H spleen
cell (5x10° cells/well)¥ 4zt uadsiaict. AMEE 27 18A2% A
o] 5 uCi/me®] °[H] thymidine® Ytl AMEE cell harvester
(Inotech 1H-110, Switzerland)& AM&3le] RS AR, A2
liquid scintillation counter (Wallac 1410, Pharmacia, Finland)Z &%

&},
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A 34 23 4 a3
Lo Ages ZEWY 3y

& Aol AMg3h= B bifidumd} C. perfringens= 7|4 M Fo]
T AFE 2432 AFsy] Ao HA MR 5o ZHS FYsi
A ARNY "Basdo] k. BEHQ colony counting? HujHL
0]-&3} direct counting® W] d}gt}, Table 104 BE direct counting
2 colony counting®] ZIe] MIvle AARE BoFErl 2 dZoM=
o] ZUE 712 R &9 ZF direct countingS AlEst HT4E A

stedct.

ch.

o2,

2. in vitroolA] Bifidobacteriaol &]%t B cell®] &A =zA}

7} B. bifidumo] 2]¥t spleen B cell?] A

o|7] wfEe|tt. BALB/C mouseZHE| spleen whole cell & Ea[slod 2.5x
10° cells/mo] =% 96-well culture plateo] seeding3t %|, 5x10°, 5
x10%, 5%10°, 5x10°, 5X10" cells/mé®] bifidobacteria® Y3 LPS
(12.5 wg/me)7} Qe 23 g 2AexT 383l 37C, 5% CO,
incubatorol A vjoFslgct. 74 F A5l Ao ELISAR. 334 A
£ &3sidcl. 2 A3, 5x10°9F 5X107 cells/me2] bifidobacterias}
A XUolA IgA, IeM, 1gGl isotype?] o] HZs| Zr/13}93L o
Asigict (Fig.1). 53] LPS7 fle ZZAoA 5x10°9} 5X10°cells/mee]
bifidobacteria® Y& wl LPSE A3 ALRC 3a3tA o] =7}
stgict (Fig.2). £ ZAzte 4B 4+ o]4e] bifidobacteria: B cell?)
H] 5]l AAUEE AAHoE FANY £ S BRART) W
negative control® AlSH AFE QU MF 2 shUel Clostridium

perfringens (47 WA|F)e] Z o= 22 KA bifidobacteriad)A
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Hold & g F3 S
Table 1. Comparison of bacterial viability between colony
and direct counting method.

B. bifidum C. perfringens
Method Dfilution No. of cells
actor

1x10° 1.29x 108 2.09%10°8
Colony countin, ; 5 .
(CFU/mb) 1x10 1.25%10 3.18%10
1x 108 2.5%108 ©7.05%x10°%
1 2x10°8 7.96x108
Direct counting 8 s
(cells/ml) 10 1.48%10 6.37x10
100 1.26x 108 7.87%x108

Colony counting method: B. bifidum and C, perfringens were
serially diluted in culture media. Cell suspension was poured
into MRS agar plates and covered with melted agar media.
After mixing of bacterial cell suspension, it was transferred
to anaerobic Jjar. The anaerobic Jjar was vaccumed and
incubated at 37C. Colonies were counted after 3 days of
incubation, The data are the means of average number of
duplicate samples.

Direct counting method: Bacterium was washed with 0.01 M PBS
and serially diluted in culture media. 5 £ of bacterial cell
suspension was transferred on Petroff-Hausser bacteria
counter and covered with cover glass. Then, cells were
counted using inverted microscope. The data are the means of
average number of duplicate samples.
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Fig.

1.

IgA

0 3 4 5 8 7
bacteria # (xlogjo/mi)

Effect of B. bifidum on the secretion of Igs by murine whole
spleen cells in the presence of LPS. Whole spleen cells were
cultured with B. bifidum or C. perfringens (none, 1X10°, 1X
104, 1x10° 1x10% 1x10") in 96-well plates, LPS (12.5 pg/
m¢) was added to culture on day 0. After 7 days of culture,
supernatants were obtained and antibody response was measured
by ELISA. Data are means of triplicate samples. Vertical bars
represent SEM. C. perfringens ([]); B. bifidum (IR).
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Fig.2. B. bifidum alone stimulates whole spleen cells to secrete lgs.
whole spleen cells were cultured as described in Figure 1
without LPS. Data are the means of triplicate samples.
Vertical bars represent SEM. C. perfringens ((J): B. bifidum
(m).
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2L + g (Fig. 1, 2).

ole}l &2 B bifidum®] F¥E u}x| B cell?] polyclonal activatorql
LPSe} o] mitogen &S & 4 UL BAZECL uleld ol whAoA
v MEY FHo| nAs UL ZARYch Fig3eld RBE, BB
controlo|L}t C. perfringensol| 8|3} #ZA3] B cell?] &A1& ZJ}A]AL)
ol2{¥t A= B. bifidumo] B cell®] FAlol H4L Fol YANUYLL 2
TRZEES AARITH TR o2 ol2gt FA2) A It FAYP M LS
F7t2 Yeh=2]E ZApstedch. Bifidobacteria®} spleen whole cell &
5¢ 5 A vlYT T, MHEST} 1X10° cells/meo] EEE seedingdt
¥ ELISPOT & o83t A &4 A= +8 &Fsgct. 1 23},
bifidobacteriaz} & ZZolA IgA isotyped] ¥Ado] & 3uf = =5}
stalvt. A= B bifidumo] MIEY A& B3l FAYY MES Z71E
Yorg Wy 4+ gk

L} B. bifidumE B cell®] cytokine B34 & Z7IA2)

<@ & TGF-B19°] in vitroofA] IgA class switch& -GE35} IgA
S ]';\‘_]_ AlZitia B8 v} Q) (Kim and Kagnoff, 1990). = [L-5&
B cell 4% A EBE YRX|I|E= cytokine2® 2 dalx glic). &
AP A= BifidobacteriaZl B cello] TGF- 8,0]L} IL-50] tigt ¥r-gAS
Z=F B cell& EAYHANZ 4 Q=3 ol@olt). n}LAspleen cell
(5X10°%el1/well)oll media, B bifidum TGF-B1+IL-5, B+T+6E WYL =
7L vl F, ELISAE B 1g ¥4 AE HHSIch 1gad 162
o] 73 B bifidumz} B+T+5 ZZoA 2mlgl= Z718 B aArt (Fig.5).
32} IgM, 1gG2a, 1g618] ER|AEE 2 ZAE AlolofA VAT xlolE
UehR] = ekotTt (Fig.6). olet & A= B bifidumo] THA| EHH n}
F£8] 7Z3-¢- LPS9} Zo] polyclonal activatorZ 2}L3E BolZr} njx
o2 B cell o] UHEEL surface IgA2] AEF RAIZ v}, IgA &
3% N3 /FAFSHAl BB B cellof 2H&3to] TGF- 13} IL-52) ®IEAH&
Z 7M1 2t (Fig. 7).
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Fig.3. B. bifidum enhances the proliferation of whole spleen cells.

C. perf

whole spleen cells were cultured with B. bifidum at a
density of 5X10° cells/well with or without LPS (12.5 g/
ml) in 96-well culture plates and incubated for 4 days.
Wells were pulsed for 18 h with 5 zCi/m¢ of *[H]) thymidine.
Cells were harvested and filtered through glass fiber
filters and counted in a liquid scintillation counter. A) In

the presence of LPS. B) In the absence of LPS.
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Fig. 4.
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Media B. bifidum

B. bifidum increases number of IgA secreting cells. Spleen B
cells (5%10° cells/well) were incubated with B. bifidum (1X
10" cells/well) for 5 days. Number of IgA secreting cells
were enumerated by ELISPOT assay as described in Materials
and Methods. Data are means of duplicate samples. Each sample

contains 2-fold diluted wells (n=3). Vertical bars respresent

SEM,
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Fig.5.

IgA (ng/mi

1gG2b (ng/m

B. bifidum induces B cells to responsive to TGF-A1 and IL-5
resulting in increase of IgA and IgG2b synthesis, Spleen B
cells (5%10° cells/well) were cultured with B, bifidum (1X
10" bacteria/well). Cells were stimulated with TGF-81 (0.2
ng/mé) or IL-5 (0.5 ng/mé) on day 0. After 7 days of culture,
supernatants were obtained and antibody response was measured
by ELISA. Data are means of duplicate samples. Each sample
contains 2-fold diluted wells (n=3). Vertical bars represent
SEM. B, B. bifidum: T, TGF-A1: 5, IL-5.
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Fig.6. Effect of B. bifidum on the synthesis of IgM, IgGl and IgG2a
by spleen B cells in the presence of TGF-81 and IL-5.
Culture conditions were the same as described in Fig. 5. Data
are means of duplicate samples. Each sample contains 2-fold
diluted wells (n=3). Vertical bars represent SEM, B,
Bifidobacterium bifidum: T, TGF-AB1: 5§, IL-5.
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Fig. 7.
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Anti-IgA-FITC

Effect of B. bifidum on the expression of surface IgA by
murine spleen B cells in the presence of TGF-A81 and
IL-5. Culture conditions were the same as described in
Fig. 5. Cells were harvested after 4 days of culture and
analyzed by FACS following staining with FITC-conjugated
anti-mouse IgA antibody. T, TGF-A81: 5, IL-5.
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3. A9 B cell®] Aol njxl= B bifidun®] T3} ZA}

7}. Mesenteric Lymph Node (MLN) B celloj ths} o33}

2272 A= B bifidumo] B]50]H O F spleen B cell S T 3}A)
A Ig YBE F7MILE BALU}, B bifidurd Aozt ojBe Qoly
Folm2 the WACAE AU Welo] nAL APe zAlsigh @A
MIN B cell®] 3t /ol ujx]= d3te RAlstIch spleen B cell} &
AFBHA 1gAut 1M R8BS VA3 SRz 2 15019 Yol
HrhE 98E nR|A] ¥k} (Fig.8). W B bifidurs surface Igh i
doll thsiA= LPS Rrte W& 3A ZF7pAAch (Fig.9). TGF-813} IL-5
2] whg2goll thal M= spleen B cellzt fAISHA Igh Y4 Z7AZAD
IgMolL} Ig6le] /g2 HAxrt ¢ldct (Fig.10). ol8t & Azt:= B
bifidumo] ZUolME B cellE 2 48 Fof Igh gl Lol 7%
T AZE AlAtE
L}, Peyer’s Patch (PP) B cellof cthgh o3

B. bifidumE PP B cell®] ZSo|=E IgA ?{:} NS —’5—7}/\]?312]- a8y
perfringensv oW T F2z] olglr} o “'-H BB= IgMzt 1gGl1e] ¥adoll

= 8 ohE 9¥e F2 ddrt (Fig.11). 0|1 ZA3}= MIN B cell®]
o} f1gt #Atolo, spleen B celld] Z9oh= tjzaql Azlo|t). o}l
7H2] 2 o)lFE ©HSI7= oJPAIg Fu HY B celld) EXog ®el
t} spleen B cell®] Z 99} 3t7}x] o vthE& A2 B, bifidumol 2J3] A
3H PP B cell®] 79 TGF- 813} IL-50] &)3] 1A 1gA €4 Algo)
THEER] WS Bgolrt (Fig.12). °l8} 22 T2 o= AR oatE gl
th Qo2 PPol Eahshs B cell S ThEE IS YT 4 At A
22 3ol ABH g7 wlEoll TGF- 1ol 28+ IgA isotype switching

Ex%ol 28317 wigolth
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Fig. 8. B. bifidum stimulated murine MLN B cells to secrete IgA and

IgM antibody. MLN cells (5%X10° cells/well) were cultured
with 1X10" bacteria/well of B. bifidum or C. perfringens in
a 96-well culture plate on day 0. Supernatants were
harvested after 7 days of culture and Ig secretion was
measured by ELISA. Data are the means duplicate samples.
Each sample contains 2-fold diluted wells (n=3). Vertical
bars represent SEM.
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Fig. 9.
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Bifidobacterium increased slgi expression by murine MLN B
cells. MLN cells were cultured with LPS (12.5 xg/ml) or
B. bifidum (1%x10° bacteria/well) at 5X10° cells/well in
a 96-well culture plate on day 0. After 4 days of
culture, cells were harvested and analyzed with

FITC-conjugated anti-mouse 1gi antibody using FACS.
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Fig.10. Effect of TGF-A1 and IL-5 on lIg synthesis of murine MLN B

cells by bifidobacterium,

MLN cells were cultured with B.

bifidum or C, perfringens (1><107 bacteria/well) and/or TGF-
B1 (0.2 ng/m¢) and IL-5 (0.5 ng/mé) at 5x10° per well in a
96-well culture plate on day 0. Supernatant were harvested
after 7 days of culture and [g secretion was measured by
ELISA. Triplicate wells were pooled and the data are means of
duplicate samples, B, B. bifidum: C, C. perfringens: T, TGF-
B1: 5, IL-5. Vertical bars represent SEM.
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Fig.11. B. bifidum stimulated murine PP B cells to secrete IgA
antibody. Culture conditions were the same as described in
Fig.8. Supernatants were harvested after 7 days of culture,
IgA, IgM, and IgGl were assayed by ELISA. Data are the
means of duplicate samples. Each sample contains 2-fold
diluted wells (n=3). Vertical bars represent SEM,
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Effect of TGF-81 and IL-5 on Ig synthesis of murine PP B
cells by bifidobacterium. Culture conditions were the same
as described in Fig.10. Supernatants were harvested after
7 days of culture. IgA, IgM, and IgG2b were assayed by
ELISA, Data are the means duplicate samples. Each sample
contains 2-fold diluted wells (n=3). Vertical bars

represent SEM.
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4. B. bifidum®] ZI1Fo F3} XA}

7t B bifidumol 2)%h Aelzt Weolae] g su]

WA B bifidun®] ZF5F{7} B, bifidumol i3t 84A|7} A E x|
ZAstgdet. B¢ Fo4¥H B bifidun®] HPAHE do} B 9sjMct B
bifidum2} C. Perfringens& ul-$Aol 437t 2d {07 Eoisidr} 4
F ¥ Fhel oMY BB SojH UAYHLL ELISAZ ZApsieich
B.bifidumE& FoI%t up942] BB Sol3 el #AYAE AS7} control C
Perfrigensg§ 7% npf£2] ol (Fig. 13)3} HA (Fig. 14)olA 2jnjal
© Ztel7t QlgdTt olet 2 A= B bifidum AN= BYAo] iy
22 adjuvant 27 23S A[AlgiT)

Ll B bifidum®] F7}Foi7} spleen, MLN, PPollAe] BAghA A X o

ojxl= &3}

Bifidobacteria®l F73Fo{7} 3l v]Boly el Yo nja= g
& ATl BAYY HESZ ELISPOT assayE 3] ZAAsrsr)
(Fig.15). spleenoX= B. bifidun?] <¥E o] B £ ¢gxn
MINol M= IgA LM Z7t 2n|odA Fosigdct. ey PPA B,
bifidurE FoJ¥ npAE Ig6l, IgMe] BH]golA controloju} ¢
Perfringensol ul8] F7}=jdct oot B2 AN= B bifidumo) ZF %
o1¥|91& uj PPETH= MIN B cell®] IgA 2 $4S =}3sted Aupzz)o)
olo] Z1ES AAbsh, Ahy ol iyl 1gh AL 2RSS Az
o o FLo3lca AlE "l

5. Bifidobacteriaol 2]%t 3}A|Yd FAJ = M EatolL} X AEo
B cell& A3t ZF Foia] Igh B A2E 4 Q= B bifidun
o FAHL BYE dotiy] A UBOR B bifidun®) AZTA} B
bifidum MEA}Aof 2Jsi AR E v o] 2sjAxE Yo}r gt
T} =] BALB/c m}$AZEE Ea|3t spleen cell S 3A LPS7 9= =
A3 Qe 2722 Weol 792 vlekslgdcl. a3 w2 ELISANY
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Fig.13. Effect of peroral administration of B. bifidum on

antigen-specific antibody responses in intestinal lavages.
B. bifidum or C. perfringens (10" cells/mouse) was
administered every other day for 4 weeks. Lavages was
collected as described in materials and Methods.

Antigen-specific antibody responses was measured by ELISA.
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Fig.14. Effect of peroral administration of B. bifidur on
antigen-specific antibody responses in the sera. B,
bifidum or C perfringens (10” cells/mouse) was
administered every other day for 4 weeks. Sera was
collected as described in materials and Mefhods.

Antigen-specific antibody responses was measured by ELISA.
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Effect of peroral administration of B. bifidum on number of
antigen non-specific lg secreting cells, B. bifidum or C.
perfringens (10"° cells/mouse) was administered every other
day for 4 weeks, Number of antigen-specific antibody

secreting cells was enumerated by ELISPOT assay.
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bifidum cello] wjokrtSolof uls] Igas} IgM Hu]E IA Z71A7
et 22 A= B bifidumol] &J3 AL AFHIE v FT AR}
£ AZAA & AE™olL MEde Zirt & Rejzch

6. in])«ﬂ—’;i Bifidobacteria®] L7357} 3t ff;!”'é"ﬂ o)X= 23

WA7ZEA] Adolole bacteria®] & F7IAIF17] #1814 alginate® n
|38 B bifidun3} B . bifidup MES upSLolA 477t 20 BASS
7 —‘?_0%%}91:}. Fojare 13 500 0 (1X10° cells/day)Z 3tadch 43
F ozt PoloMe] UAYLL ELASAE 23 %%ﬁ}ﬁt} (Fig.17). 2
oAl B ¥ XulMT B . bifidum®] E3}= B . bifidum cell, tf
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ZulH-B. bifidun®] Fo47t AAIHA 3 FutH oA 1ga 3A] A
F AT USE B Erh
thetAol M= ZolMA B, bifidum®] F73F7F gAY nlxj=
qeS ZAstadch AYA M E4& ELISPOT assayE T3] ZAAstedct
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Fig.16. Effect of bifidobacterial cells or its culture supernatants

on IgA and IgM synthesis by murine spleen B cells, B cells
were cultured with bifidobacterial cells (A and B panel)
or its culture supernatants (C and D panel) in the
presence of LPS and absence of LPS. Antigen non-specific
antibody responses was measured by ELISA. D represents the

incubation date of bacterial culture.
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Fig.17.
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Effect of peroal administration of B bifidum on
antigen-nonspecific antibody response in intestinal
lavage and the sera. Male and female BALB/C mice were
administered perorally with bifidobacterium cell (ix10°
cells/ml) for 4 weeks for every other day. After 4 weeks,
intestinal fluid and serum were obtained from mouse and

antibody response was measured by ELISA assay.
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Effect of peroral administration of Encapsulated B. bifidum
on the mouse number of antigen nonspecific Ig secreting
cells, MIN and Spleen were isolated following peroral
administration. 1.5X%10° cells per well were incubated in a
nitrocellulose-bottomed 96 well plate for 4h and IgA
secreting cell and 1gG secreting cell number were determined
by ELISPOT assay as described in Material and Methods. Data
are the means duplicate samples. Each sample contains 2-fold
diluted wells, ’
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7. Bifidobacteria®] cytokine¥A o m|x):= &3}

7}, Zu|HlF Bifidobacteria ATz} ) Hutwied 22 e] cytokinedt

ol W T2t

thed Al dgzFo)] Ex)ste AYMEL cytokine FAJol mjx:=
Z 0] A Bifidobacteria®] 3¥S mRNA $FofA =A}slgc). B celly)
gragtde] T cellOIL} macrophage?} #8|3}= cytokine?] 33k Hrjd
letz 2t %_1'8174 ot & AFoMEe ZulM2 Bifidobacterial ZA7%
o ¥ Peyer’'s patch (PP)2} mesenteric lymph node (MLN)ofjA{2] mRNA '
#H-& RT-PCR H“’*Oﬂ ABH &3stodct. WA oRNA control 24 B-acting)

P

o]

@ol Z&¥d }. °]9—} é}i Az £ °“—7—°ﬂkl ARERE ARE AEz o]
AAYS BHoAFrh thE ©Ao)AE TGF- £12] wRNAE ZAMS}t). PP
olA= ZblM- Bifidobacteria®] 7ol EI}7} ©3)a TGF- £12]
nRNAYGE ZEAAIZiTh U MINoAME I Zojd2e] &z =8
BEE AL old Axbe oMl MINIM 2] [gA 3] BHE Z71A]
The Fig. 189 ZAxpel W3 o] gl ukshd TGF- 1L Igh 31y
W8S BAAF= tlEFQ cytokineo]s] wiEo|tt. olite]l A=
Bifidobacteria®] HuUl Aot W HA, 53] Iga Al L ZoA7=
7] 71z e 2 o]sjHc).

L. B bifidum® 2 Z}FA)Z] spleen cell?] cytokine W& ZA}

¥ dFolXe B bifidumo] Ti}3t cytokine o] nixle A3 =4}
3tedch. T helper cell2 IL-2, IFN-y, IL-4, IL-5, IL-6 c-‘% W st
macrophage= IL-1, IL-10, IL-12 5-& d33ica &dalA Q). ulelA o)
2t 22 cytokine®] Wdol B bifidumo] o} ZFAL L Mol T3
Ho= wHAANAe] iy BBY $IX& mjofsl=d tHAE ATy 4 Q)
= A¥ol= B bifidunz} $7) B cell polyclonal activatorql LPS, g
3L T cell polyclonal activatorql Con AS H3J3tgir}. IL-22] mRNA: B,
bifidumo] 7 wi}T Z-¢ 713 wol WIHEAc (Fig. 20).
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Fig.19. Detection of TGF- 81 mRNA by RT-PCR. Appropriate samples were
prepared from mice administered with Bifidobacterium alone or
encapsulated Bifodobacterium. A) mRNA level of TGF-A1. B)
mRNA level of B-actin. Lane 1: conrol (PP), Lane 2:
Bifidobacterium alone (PP), Lane 3. encapsulated
Bifodobacterium (PP), Lane 4: conrol (MLN), Lane 5:
Bifidobacterium alone (MLN), Lane 6. encapsulated

Bi fodobacterium (MLN)
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Fig.20. Detection of mRN3 of various cytokines by RT-PCR. ‘Mouse
spleen cells (2X10° cells/well) were stimulated with LPS.
Cond or B. bifidum for 2 days. Lane 1, spleen cells only:
Lane 2, spleen cells + LPS: Lane 3. spleen cells + Conai:

Lane 4, spleen cells+ B, bifidum,
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primerZ AMZ3F dot blot WH2l polymerase chain reaction(PCR)E& ©}
L3t |AFES TAY 4 ochChareris &, 1997). Yawamoto F(1992)
S 16S rRNAS] @7 AE WY SR B adolescentis, B. bifidum B.
breve, B. infantis, X B. longumol t§d] % Eo|4 DNA probeE& ©]§&3}
o} EAsledt}. E3} Bifidobacterium genus 9]/ 16S rRNA probe& 7\
ulg] oj ch(Frothingham %, 1993: Langendijk &, 1995).

Ze o 44 FFY Fda EFE A diabed, YA
U4, phage 2443, HE-A 4L ZAE sl ofFoiHth FAatdd
A A chaizl o sodium dodecyl sul fate-polyacrylamide gel
electrophoresis(SDS-PAGE) 2 2|5t} 34 ¥ polypeptideE?] A42} &
Ajeko] uwhal £2& FAINAU FFE EFY 4 UthHPot T, 1993
Tsakalidou &, 1992). # Zoll AHA| genome DNAS] AHtFEA FAMubHo
2 {alFe] FZE BEy 4 dded(H 5, 1995), Smal=} Z+2 DNA
Al ey} ¢e AaLT F5)8 genome DNAS] HHE pulsed field
gel electrophoresis& Al&3lo] £2|3te] DNA band®] §ArFF7He] t}3
A B3}t Roy 5, 1996; Tanskanen 5, 1990). Random primer&
0]2%} polymerase chain reactiono] 2l3] 3}/ DNA band®] FEel&E 24
sh= whHol random amplified polymorphic DNA(RAPD)E ©]-§3}o it
F2E2 2% £ olgrHCancilla ¥, 1992: & &, 1994: ¥ &, 1997).
165 rRNA T 23S rRNA probeE ©]8%b restricton fragment length
polymorphism(RFLP)Ql ribotyping %82} M13 probeE ©]-&3} RFLPO] 23
A F 2 e FFE BHY 4 rh(Mangin 5, 1994 F 5, 1997),

E 3L bifidobacteria EEFF & AUdFFE EF/de W
© 24 ribotyping W PCR WHOoE 3 16S rDNAS] At A Herdy
B whwia} SDS-PAGE ol o3t &3t F9 B3 WS /MyEstaled
RAPDo] 2]3t FF £EuyS sidstaict

2. Az W Uy

7}. Bifidobacteria &5 &2l
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AE2std A FHALP(KCTC)Y o] American Type Cul ture
Collection(ATCC)olA HEZ2FFE zZtzt 15 FF9 2F2E Homloir}
(Table 1). 5%2] Ard-& bifidobacteria Bb-11, Bb-12L, Bb-12S, ABT-4,
ABT-B, W SJ-1& UFH AZE FT3 LAEF AFolA st 4}
gto] o2 HE 1529 Bifidobacteriad E2|35taic}.

Table 1. Type strains of bifidobacteria used in the study

Species Strain Synonym Source
B. adolescentis KCTC 3216 ATCC 15703 Intestine of adult
B adolescentis KCTC 3352 ATCC 15706 Intestine of adult
B. adolescentis KCTC 3416 ATCC 15740 Intestine of adult
B. bifidun KCTC 3202 ATcC 29521 oot of  breast-fed

infant

B, bifidum KCTC 3357 ATCC 35914 Human feces
B. bifidum KCTC 3418 ATCC 15696 Intestine of infant
B. bifidus KCTC 3476 ATCC 11863 éj;:;’f’a:; i;‘jvg’] f ;Z”s
B. breve KCTC 3220 ATCC 15700 Intestine of infant
B . breve KCTC 3419 ATCC 15701 Intestine of infant
B breve KCTC 3461 ATCC 15698 Intestine of infant
B infantis KCTC 3127 ATCC 25962 Intestine of infant
B. infantis KCTC 3249 ATCC 15697 Intestine of infant
B. infantis KCTC 3270 ATCC 15697 Intestine of infant
B, infantis KCTC 3368 ATCC 27920 Intestine of infant
B. infantis KCTC 3460 ATCC 15702 Intestine of infant
B. longum KCTC 3466 DSM 20097 Calf feces
B. longum ATCC 15707 Intestine of adult
B. longum ATCC 15708 Intestine of infant

L}, Bifidobaceria € #FF2} olFFo He)

W F AZE YL S92 YFEFZHE bifidobacteriaE Fe|317]
#13te] Lactobacilli MRS agar(Difco)o] NPNL(nalidixic acid, 15ug/mé:
paromomycin sulphate, 125ug/ml: neomycin sulphate 10gg/mé: 1lithium
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chloride 300ug/mé)& H7IY AHujz| & M3t Algte] Rogiy
bifidobacteria& <=2|3t7] $|3to] BSI agar®} Beeren's agarS A}23}g
th WG E colonyE IREAI Hn|R Jaste agRPe] Y, vary
o]  Z+# colonyE& TPY agar(Biviati %, 1991)¢)] FEZ3ie £43)
colonyE @of Ao AHg3stdct.

t}, Bifidobacteria®] wjjef o w3

Bifidobacteria ¥dFEE& wi3l7] $I3}9] TPY broth& HjR|EA] A}&
819l 2™ anaerobic catalyst(Difco)& Atx|3} anaerobic jar(Difco)E& =l
FEZZ "I Fo 90% Hp2t 10% €08 UF3H= NAS FUsidon
anaerobic indicator strip(Difco)e] ©AE& ¥Qlsto] @A AtefoA 3
7CollA 24x]2 vigstdTt. FF5 717 BHE 913519 10% glycerol
& AN YA foll F4tste -70CoN FHABEs1T)

gt DNAS] 2e]

Bifidobacteira WFEHFE] Versalovic S(1991)2] o] uwlz}
genomic DNAE #2]5}gt}). TPY brothollA 24A17+ @74 wjoksr =
7,000rpmoll A 10232t QYU E 2|3} bifidobacteriad HHA|ZAT 1mee]
IM NaCl 8§ 0 2 3txalal] |33} 50oM TE € 2(50mM Tris, 50mM EDTA, pH
7.8)22 Fape fANEES AAY F 0.45me2) 10mM TEEA(10mM Tris,
lmM EDTA, pH 7.8)ofl £AMAIF|AL 25402] mutanolysin(5,000 unit/mé 10mM
TE £99)2} 254£2] RNase A(6mg/ml 10mM Tris, 15mM NaCl, pH 7.8)<& 7}3}
31 37Coll A 1A]ZF wioksiadct. 30u£2] SDS(10%)$t 30u£2) proteinase K
(10mg/ml, 10oM TE £4)S 7138tz 55CTolA 24|z  ujarsigcy.
Phenol(0.4m¢)& 78t 2 F AU Ee7|olAM 187 A28t
th A5e £895E T E FEO| &7 phenol & 32 uHE3FIG O
™ chloroform(0.4m¢) 2.2 23] F&3odcvt. £ Zof 10aM TE 0L
715te] 0.4mfo 2 THE T 4042 3M sodium acetate(pH 5.2)& 7}s}z
0.8m2] YZH ethanol& 71813 H-& F -20TolA 2A] 7t o] F=]314
th. &9& 23T LA EEsty HEAS AASL FHH DNE g7

o

<]

¥
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70% ethanol @2 A3} A wh3t oke] 10aM TE £ 02 &3]3t} DNA
L1 gfo] uhHo u}z} WHE3lo] RNase A W proteinase K& SDSZ A g]
13 phenol3}t chloroform® 2 F&3}93 thA] 3M sodium acetate(pH

)
5.2)%} ethanol & 2 A 3lo] DNAE A A3}t

n}. PCRoj] 2]3} bifidobacteria 16S rDNA probe?] ¥}4d

PCR Z&& 93 2048 PCR ¥F-g-2 PCR PreMix(50mM Tris-HC1: pH
8.3, 10mM KCI, 1.5mM MgClz, 250 uM dNTP, 1U Taq polymerase) (Bioneer)
of 2u£2] primer(ZtzZt 25uM), 1.42] bifidobacteria DNA(20ng), 17.£2]
H,0E 7}8}e] PCR ¥}-g& 3stltl WHS2 Perkin-Elmer thermal cycler&
o] &3to] 94TCollA 1&, 60CTAHA 1&, 72CAA 2&, 30cycles FE35}]
t}t. &4 primeri= bifidobacteria2| 16S rRNAS] SbpollA 31bp7ix] 8] ¢7]

Ao B3t 5’ -GGTTCGATTCTGGCTCAGGATG-3 SHRED)
oligonucleotideo]3l &4} primer+= 1351bpofl A 1372bp7ix|2] A4t & 7]A]
doll  BFsh= 5’ -TACAAGGCCCGGGAACGCATTC-3"¢] 7|4 ¢]

oligonucleotideo]git}(Leblond-Bourget &, 1996). PCRe] ¢l $AIE|=
DNAS] Zoj= 1364bpe]git}t. Digoxigenin® Z labeling® 16S rDNA probe
2  Hz371Y8kd  200uMe]  dTTP  ctialell  130pMe]  ATTPSE 70 uM

digoxigenin-11-dUTP(Boehringer Mannaheim)& 3713ttt

B}. Southern blot

FooRl AREL Bl 9T 2000) WSS AWTe FF4ol lug
9] bifidobacteria DNA, 10unit®] EcoRl H|3t& A (Promega), 2u£2] 10X
reaction buffer& 7}s}o] T F 37TolA 4A]7F vrgA|Zic} Hi-g o
& 1% agarose gel3} 1 XTAE £ (40mM Tris-acetate, 1mM EDTA)S A}-23}
of 30velld 24417t Feb A9 F3ITt. DNA markerZ2A A
Hindl11/EcoRl(Promega)E  A}&3}4icl. A7]9%H  agarose geld
depurination, denaturation, @ neutralization 2]2])3}%t} (Sambrook
%, 1989). A e|H gel& positively-charged nylon membrane(Boehringer
Mannaheim)ol] 2-ZHEZ(Hoeffer)E ©o]&3}o] blotting ¥ & WV
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crosslinker(UVP)ollA] DNAE nylon membraneo] At} Nylon
membrane’}2]  DNA2}  digoxigenin-labeled 16S rDNA  probe%}e]
hybridization& $]3}¢] prehybridization®e(50% formamide, 5 XSSC,
0.1% N-lauroylsarcosine, 0.02% SDS, 2% blocking reagent(Boehringer
Mannaheim)ol|A] 42°Col| A 2A] 7t 8E-8-8Y F prehybridization fojof 2008
2] digoxigenin-labeled 16S rDNA £9& Y& 42TolA 24A|7t
hybridization s} T}, 0. 1/6 SDSE ¢-3F 2XSSCR Mo Yol AF2of4] 15
27+ 23 ANAsIET. AIAY  nylon membrane® DIG luminescent
detection kit(Boehringer Mannheim)& A}&3le] AHz|§t F  X-ray
film(AGFA Curix RP-1)of x&3}gich,

A} PCRojl ]3] =¥ 16S rDNAY] Ht& 4 AU

PCR & 9|3t 2042 PCR 3H-8 282 PCR PreMix(50mM Tris-HCl: pHS8.
3, 10mM KC1, 1.5mM MgCls, 250 uM dNTP, 1U Taq polymerase: Bioneer)o
2,02] ZtzZ} forward primer(5'-10-GGTTCGATTCTGGCTCAGGATG—B1—3')(25uM)9—}
reverse primer (5'-1376-TACAAGGCCCGGGAACGCATTC-1355-3")(25uM), 14£2]
Template DNA(20ng), 17/£2) H0Z 7}8lo} PCR WHg-& sttt ¥HE2 Per
kin-Elmer thermal cycler& o]&3}d 94 CollA 18, 60CAAM 1E, 7
2CoA 28, 30cycles 2E35}9ct.

PCRZ 31 S 165 rDNAS A|3tE A Rsal, Hhal, Alul, Haelll, Mbol,
Ddel2 E3j5ldct, ATEAE F3H PR AHEE 2.5% agarose gel
(Nusieve : agarose = 3 : 1)&} 1XTAE bufferE Alg3le] A7 P F 3
T} DNA €AL 0.54g2] ethidium bromideE 3}gic}.

o}. RAPD

OPB-07(Operon)-& random primer2 A}&3}o] PCRE DNAE §Adslgiom
agarose gel A7|d% 3dlgcl. PCR $F& 9% 204 PCR ®I-g42  PCR
PreMix(50mM Tris-HC1: pH 8.3, 10mM KCI, 1,5mM MgCl,, 250 zM dNTP, 1U
Taq polymerase) (Bioneer)oll 1.54£82] 20mM MgCla(1.5mM), 1422} OPB-07
primer(1 zM)(Operon), 1£2] Template DNA(20ng) W 16.5 & H.0Z 7}s}
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o PCR ¥h-&& 3}%ct. ¥h§2 Perkin-Elmer thermal cycler& o©]£3}d
94CollA] 1€ 37CoA 1& 72CollAH 1222 Icycles FEZs}adrt. A7)
8% 1.5% agarose gel, 0.5XTBE buffer, 70VollA 4A]7} A7|FE 5}

Tl DNA g2 ethidium bromide® & 3}gitt

A}, SDS-PAGE

Glucose th4lol lactoseE 73t TPY brothollx] 37°ColA] 24417+ wjak
% bifidobacteria® YUEeISt 23] FRAT MAY o] FAAZS)
gich 25mge] TZAZYE FAE 10mee] FFo E4tAZl Fo Vibra Ce
11-VCX 600(Sonics and Materials Inc. )& AF&3}o] 37% amplitudedi|A 5
2 253 532 Ax|9] cycleZ 3027t sonicationd}git}. Sonication d}=
Sl MEEAgE dSELR WA g P EsiE MRty
S SDS-PAGE?] sample bufferof #4MA|Z1 & 100TColA 587 7tdstgc).
13% polyacrylamide gel-& separating gel & A-&3}o] A7|d 53t A
719 %E F A S silver staining(Pharmacia)dlgct. ¥& Exps} chal
22 A bovine serum albumin(66,000), egg albumin(45,000), glyceraldeh
yde-3-phosphate dehydrogenase(36, 000), carbonic anhydrase(29,000),
trypsin inhibitor(20,100) W a-lactalbumin(14,200)& A}&3}eic) (¥

A2 =A).

3. Az 9

7}. Ribotyping %ol 2]t bifidobacteria @32 S& whH st

Bifidobacterium®] 16S rRNA2] 1364bpe] Zojg] g7AH9EE 713
digoxigenin-labeled probeE PCRE ©o]-&3lo] #443}e] ribotyping 2M L
B}2ATh  EcoRl AH|3tF Ao 2]3] 3| bifidobacteria®] genomic DNAS
agarose H7]¥%E3 Fo] nylone membraneo]| blotdte] ITHH DNAo)
digoxigenin-labeled 16S rDNA probe® hybridizedle] Z&3% nucleotide
band®] pattern& FFztoll WlZ3tTh (Fig. 1:Table 2).
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21227 =i

5148
4973

4269
3b30

2027
1904

1667
1375

947
831

Fig. 1. Chemiluminescence detection of EcoRI-digested DNA from
Bifidobacterium strains hybridized with digoxigenin-labeled 16S
ribosomal DNA probe amplified in PCR, A, B. bifidum KCTC 3418: B, B,
bi fidum KCTC 3357: C, B. bifidum XCTC 3476: D, B. longum KCTC 3466:
E. B adolescentis KCTC 3416: F, B. adolescentis KCTC 3216: G, B.
adolescentis KCTC 3352; H, B. breve KCTC 3461; 1, B. breve KCTC 3220:
J, B. infantis KCTC 3270: K. B. infantis KCIC 3460: L. B. infantis
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KCTC 3368: M. B. infantis KCTC 3127: N, Bifidobacterium spp. Bb-11:

0, Bifidobacterium spp. Bb-12L: P, Bifidobacterium spp. Bb-12S. The

numbers at left indicate the base pair of the nucleotides in

MHindl11/FcoRl marker,

Table 2. The nucleotides detected by hybridization of EcoRI-digested

DNA

from

Bifidobacterium

strains

probed with

digoxigenin-labeled 16S ribosomal DNA amplified with PCR,

Species Strain Length of nucleotide (base pair)
B. adolescentis KCTC 3216 8,500 6,600 3,700 2,900 1,250
KCTC 3352 8,500 6,600 3,700 2,900
KCTC 3416 6,600 5,100 3.900 3,700 2,900
B. bifidum KCTC 3202 9,700 5,600 3,900 3,700
KCTC 3357 9,700 4,000 3,700
KCTC 3418 9.700 5,600 3,900 3,700
B. breve KCTC 3220 4,200 3,700 3,200 2,200
KCTC 3461 4,200 3,700 3,200 2,200
B. infantis KCTC 3127 4,200 3,700 2,400 1,800 1,250
KCTC 3270 4,200 3,700 3,100 2,400 1,250
KCTC 3368 4,200 3,700 3,100 2,400 1,250
KCTC 3460 4,200 3,700 3,100 2,400 1,250
B. longum KCTC 3466 4,100 3,700 3,500 3,400 1,200 900
Bifidobacterium Bb-11 9,700 6,600 3,900 3,700
sp. Bb-12L 9,700 6,600 3,900 3,700
Bb-12S 5,200 3,700 3,200 2,200 1,600 1,450
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o] oA 7% RE Bifidobacteriumd TEAHOZT 9l band:
3,700bpol 1o o|8jo] B adolescentis?] BE band:  6,600bpe}
2,900bpe] 21 o™ B. bifidum 3 #5¢ &% band= 9,700bp o]gl o B
breve?] ZLE band:= 4,200bp, 3,700bpe} 2,200bpojQl o™ B infantis®)
Z% bandEe 4,200bp, 2,400bp, W 1,250bpo]gltt. B, infantis?} B,
longum 4,200bp2] band7} FEoldrt. B Jongumd KCIC 3466 F-37+S
AEsA7] dhEol FF bandE ZAFY 4 o 3,700bpe] bandfol]
& ¥ 3% band7t ¢ldch

Al FZ Bb-1132} Bb-12L-2 B, bifidum KCTC 34183} B. bifidum KCTC
33572} S AT band BENE 71X Qo] B bifidumeE SAY 4 Q)
Tt} Bb-128%& Bifidobacterium®] 3T 3,700bp2} bandE 7FA3 9l%d
u thE 32 FF9 bandZt GATh

B2 Ao B bifidum KCTC 33572] genomic DNAE template DNAR
3}od 16S rDNAE PCRof| &J&] ZE3to 3143 H digoxigenin-labeled probe
& ribotypingol] A-&3}gtt. o] ol AlE]F probel] @Il do]l B
£ Bifidobacterium® 16S rRNA2] G714 A3 A dx|s}= AAo] ¢glt}
3} Bifidobacterium genusol ti3} Ho]&H< bandg S 47} dlglen
Fof tfs] SolAQl band® WAY £ 21Tl RibotypingS A3 probe
o AP ALE AHEIIE &2 F& T3] 3t A&3trlel HA
Holdch

) Kes)
AR
o

1}, PCR 3% 165 rDNAS] A3t&s AxHYPE 0|83 bifidobacteria]
S I L

PCRoJl AME¥ primer2] 165 rDNAUjOlA1 ] 7| EE A4S DNael 3
7= 1367bpollen AAE YAEH DAY AJFFAMY Al o
1400bpolgitt. B E bifidobacteria FFESEHE YA H DNAY ZHol= &
Alstgth(Fig. 2).

PCRE %235 165 rDNAS AZYA A Alul, Haelll, Hhal, Mbol3} Rsal o
2 Zfisled XY DNA HHEL Zoj(bp)E F/EFT2E 2ARSIACL

"
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(Fig. 2). Haelll2} Mbol& Z}Z} 6% F2 AFs Aoy
bifidobacteria @FF&ol T} Haellle] ZA$ A, B, C, ¥ D= XZ
FollA WAF o EY F= 242 4dE FF opiFFoM B £ gl
Th Mbol®] Z§ RE A4 HYo] ZRFFoA LAF AL}
Mbol®] A|Ft&E A HThsd DojlA] 380bp, 190bp, T 100 bpe] Zo]E zt
DNA HHES ZE7t ofstlon HM Zolgel Filto] 1400bpe 231yl
th a2y o R2e] APgE 4 HIPolM E3to] 1400bp o] om o
= 100bp HTF T 22 DNA H®o] HFAE AL DNA AHe] A7|7} A8}
of AIdTolA 22l 4 997 wjEoltia AzHc)
|84 Aol odupyl e S s= bifidobacteria®] upl
H3 ~.—oﬂ utel FA3lgcHTable 3, 4). Bifidobacteria?] z}
= e 33 Adas FUFEE s ALt 72 £
2] é‘:«_%’iik} B. adolescentist= Alul$} Mbololl4] A Axtao)
bifidumE Haelll$®} HhalollA C A%}, B breve: AlulojA D
2 boloﬂkl Ce} D HTH¥, B. infantis= Mbolol| A ES} F AHxlso)
o] I{ MFJA Hxtyo|gltt. Haellle} Mbol®] Z} A2} B AT
Agsolol TIE FEERE BUU 4 gtk

fr

¢

Eﬁﬁm}n_uﬁ

0. MFO i

‘LQ’ R T
rlm%):
ofN

lo

flo N md ¥ mn o

b of

4t
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Alul

Uncut
2645
2645 1198
1605 676
1198 460
350
676
179
M M
Haelll
2645
1198
676
396
222
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Hhal

Mbol
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Rsal

Fig.2. Restriction pattern of PCR-amplified 16S rDNA of
bifidobacteria M : pGEM marker, A, B, C, D, E, and F :

Restrction pattern {Table 3)
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Table 3. DNA fragment size and restriction pattern of PCR-amplified

16s rDNA digested with restriction endonuclease

Restriction Restriction
DNA fragment size (bp)
Endonuclease pattern

Alul 870 340 A
610 340 220 110 B

610 340 220 150 110 C

610 220 160 150 110 D

Hael 1l 330 230 190 160 80 A
330 260 160 90 80 B

330 300 165 160 80 C

330 260 230 160 90 80 D

290 285 210 160 E

330 260 200 160 80 F

Hhal 480 .370 290 260 A
480 370 270 260 B

480 370 290 C

480 370 260 160 130 D

Mbol 590 540 A
570 400 100 80 B

540 380 190 100 C

590 540 380 190 100 D

900 370 E

420 380 190 120 90 F

Rsal 470 370 250 155 150 A
640 370 250 150 B
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Table 4. Classification of restriction pattern of PCR-amplified 16S

rDNA from the type culture of Bifidobacterium

Strains Alul Haelll Hhal Mbol Rsal
B, adolescentis KCTC 3216 A A A A A
B. adolescentis KCTC 3352 A B B A A
B, adolescentis KCTC 3416 A B A A A
B, bifidum KCTC 3202 B C C B A
B. bifidum KCTC 3357 B C C B A
B. bifidum KCTC 3418 C C C B A
B. bifidum KCTC 3476 C C C B A
B. breve KCTC 3220 D A A C A
B. breve KCTC 3416 D A D D A
B, breve KCTC 3419 D A A C A
B. infantis KCTC 3127 C D A E A
B. infantis KCTC 3249 C A A F B
B. infantis KCTC 3270 C A A F B
B. infantis KCTC 3368 C A A F B
B. infantis KCTC 3460 C A A F B
B. longum KCTC 3466 C A A B B
B. longum ATCC 15707 C A A B B
B. longum ATCC 15708 C A A B B
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APEA AP E o] &3t HY 8 FFEHTable 5) AMgre] EojA
=e|¥t op T FE2(Table 6) FHol $&3}alT}. Bifidobacterium Bb-11
2} Bb-12L2 B. bifidumd} 22 A$THEL AP S 714 B. bifidunO 2
3= 9l Bifidobacterium Bb-12S, ABT4, ABTB, SJ-1& 5 A]?‘ﬂiiﬁ]
A FUT ATFEA HHE S HYPon ol FERF T B 2 gy
of 2ol XY 4 ¢lgc) BSI agarolM EaH K-2, K-4, K-5, K-7 1
K-10Z} Beeren’'s agarolA] #2|¥ K-C:= B bifidunl® EAE gon
Beeren’s agarolA #&|H K-A, K-B, K-E, K-H, @ K-J&= B adolescentis
2 FRHALE K-3, K-C, W K-1& 5U3 A3aL Ay S sx3 9)
Lt EFEETOAM & 5 gle Addolold Y 4 ¢ddrt

PCRE F=H 16S rDNAS] A|3tF A At 2 bifidobacteriad] %A of

TEHOE AR 4 o o We £ 5 sty EEIFRE
2] 16S rDNA AHZtE & AP & Frfste] 2A1g wWe s} Qct

Table 5. Identification of commercial culture of Bifidobacterium

based on restriction pattern of PCR-amplified 16S rDNA

Culture name Aful Haelll Hhal Mbol Rsal Identification

Bb-11 C C C B A B. bifidum
Bb-12L C C C B A B. bifidum
Bb-12S A E A C B Not identified
ABT4 A E A C B "Not identified
ABTB A E A C B Not identified
SJ-1 A E A C B Not identified
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Table 6. Identification of wild strain of Bifidobacterium isolated

from human stool based on restriction patterns of

PCR-amplified 16S rDNA

Selective Culture
Alul Haelll Hhal Mbol  Rsalll Identification

agar name
BSI agar K-2 C C C B A B. bifidum
K-3 C F A D B Not identified
K-4 C C C B A B. bifidum
K-5 C C C B A B. bifidum
K-7 C C C B A B, bifidum
K-10 C C C B A B. bifidum
Beeren's K-A A A A A A B. adolescentis
agar K-B A A A A A B. adolescentis
K-C C C C B A B. bifidum
K-E A A A A A B. adolescentis
K-G C F A D B Not identified
K-H A A A A A B. adolescentis
K-1 C F A D B Not identified
K-J A A A A A B. adolescentis

T}, SDS-PAGEE o]&3%} bifidobacteria® F3 53

Bifidobacterium 435S TPY uvx|olA vl¥3t cellS FHFol w4t
gt * sonicatedto] SDS-PAGEs}e] ZAMSATHFig 3). B

34183} B. bifidum 33572 78,000, 69,000, 63,000, 60,000, 56,000,
54,000, 50,000, 47,000, 45,000, 21,000, B 20,0008] £x}ae] rji e
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polypeptideE FFLE 7}R|3L QoM B adolescentis KCTC 34163} KCTC
3216 786,000, 62,000, 61,000, 20,000, = 14,000 =AY ZE
polypeptideE 7}2]3L 9191 m B breve KCTC 34613+ B. breve KCTC 3419
& polypeptide band®] 7} FAISIGI S B breve KCTC 32202 tiE
B. breve F {-F2} FApo] 29,000%] polypeptide?] Fel: fstdort
A L2 polypeptideo|A] X}olE& BRIt} B infantis KCTC 32492} B,
infantis KCTC 34602 ©ul-% 413} polypeptide band Zej& Roic}

Fig.3. SDS-PAGE of cell proteins of bifidobacteria. S. Molecular
marker: A, B. bifidum KCTC 3418: B. B. bifidum KCTC 3357; C.
B, adolesecntis KCTC 3416: D. B. adolescentis KCTC 3216: E.
B. breve KCTC 3461: F. B. breve KCTC 3419: G. B. breve KCTC
3220; H. B. infantis KCTC 3249; 1. B. infantis KCTC 3460.
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Tsakalidou 5(1992)2 L. delbrueckii subsp. bulgaricus?} S,
salivarius subsp. thermophillus?] cell TH¥Z.& SDS-PACEL.Z ¥ 2|5}
ZAME Az F Aol T zlolst Adden Fu AFLole nf$
FA}3} polypeptide HEfE R gt} Leuconostoc mesenteroides®] A tt
W SIS-PAGER EMT A3 O} 23 BUY + Qdou L
mesenteroides®] 37] subspeciesZtoll= BHEY 4+ gt & o FoA
bifidobacteria®] Th¥2-& SDS-PACEE EA3t AFAIMHE F oA
FALSIAL Y% polypetide band FERE B FUf BE FF o
HE = glout S I FF 3 polypeptideE 71x]aL glof

o] EE 4 et

ofN Hr rr

gl RAPDO] oJ%t w2 8 Uy

Bi fidobacterium®] genomic  DNAEZ  random  amplified  DNA
polymorphism(RAPD) 'H& ©]-83t] RA}3tATHFig. 4). RAPDo] 23} &
Z % DNA band®] @30l uial 3-14 7Heldtt. B bifidum 3 F3== 750bp,
590bp, W 300bp2] ZE bandE 7}X| 3L 9T} B, breve 3dF+= 340bp2)
TE bandS 7IA| I QAL B infantiss= 340bp%} 300bpe] FHF bandZE
7YX 9ldtl. B adolescentisoll= 3% band’} §%ltl. B infantis
KCTC 32492} B. infantis KCTC 32702 band patterno] Z3slgdew & &
F29] fd#Ho] B. infantis ATCC 15697¢]7] ul&o] TS band patternd X
d 4 otk 3 9o FFTole FUY 771 et
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S A B8 CDEF GH I J K UL MN

Fig. 4. Agarose gel electrophoresis of random-amplified DNA products
of bifidobacteria, S. 100bp DNA ladder marker: A, B bifidum
KCTC 3418: B. B. bifidum KCTC 3357: C. B. bifidum KCTC 3476;
D. B. longum KCTC 3466; E. B adolescentis KCTC 3416: F. B
adolescentis KCTC 3216: G, B, adolescentis KCTC 3352; H. B
breve KCTC 3461: 1. B. breve KCTC 3419; J, B breve KCTC
3220: K. B. infantis KCTC 3249: L. B. infantis KCTC 3270: M.
B. infantis KCTC 3460: N. B. infantis KCTC 3368.

RAPD= 7-10bp8] random primerE A}&3}o] W& annealing €% F&
B2 Mgll; 522 A& AME3tei A stringency& W& ZZofl4 PCR
& st A4 H o8] 7§2] DNA band®] 759t Z7lof wiat AAZEe] xpo]
£ e YHLEAM AT 9 JIANE uPstA B2Eyg 4+ de
fingerprinting =olri(Welsh®} McClelland, 1990). Y £(1994)&
17-27 bp?] degenerated primerZ o]&-3le] 28T& W& annealing &%
o4l PCRE Sto] 3d¥ DNA pattern® @ ¢FF & £y 4 glgod

&
Tl #F= FHo| Jhedtdon Yol ¢4sitin st
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% %(1997)L S. salivarius subsp. thermophilus®} L. delbrueckii
subsp. bulgraicus®] JFFe] zo]AE WA £ dden L

acidophilus HATF AWM FFolA FUL band FehE T 27

=
=
28 4 9ladr). Tyler 5(1997)2 RAPDZ} AEAIZ & ¥l 2 7o) A
ol EA7t oJx FZHe] dAFEE LERiR] Edle wo] ety A3t
arck.
4. 3 9

165 rDNA ribotyping, PCRZ FAJ¥ 16S rDNAS] AFta LM o MAF
A Thge] SDS-PAGES o] &5} bifidobacteriad] Z7+e] B87} sl
el PCRE AIE 16S rDNAE Alul, Haelll, Hhal, Mbol, and Rsalll
2 R AYRLFUYE o] &st] I FU oHEFE FRXYE +
gloit}. Bifidobacteria F37e] BH& 9]3}e] RAPD Ei= SDS-PAGEES A}
£% 4 glch
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A 2 A Bifidobacteriael Ja2| A ARt AFaby) A

1. A &

Bifidobacteria BdA= ¢8} AAoAe] &3] 95t WA,
Abasd B YebEAgo] Folopsin st 223 Zd2HE 4+ Y, %
) M 3ol iyt F&He o] S4do] L4350} it

oF 5(1997)2 WE R AZol 233 +=Ql [} Bifidobacterium spp.
o] Adutg  fisteo] Wiabd, Uiad4d, UEEd @ Uad 548 24st
ol 8} =(1995)2 Bifidobacterium spp. 2] Ao thEt vzl 2FA 9]
BHE ZARY Az FF uie} ibaof cfgt Gto] TiE uljz|of] Holgl
= AtAe] 9o 2= bifidobacterial] P& x| F el &48 x| 9t
chal stgict 2l 5(1996)2 ABFAHZA o|&317) 2184 Bifidobacterium
breve?] AJ&% ol ¥t pHe} L-cystein HC1e] H7tA ol thdt A1 E 3}
et

Bernet 5(1993)-2 bifidobacteria®] Caco2 cellof ch3lt FExgro g
th3t+, Salmonella, 9 Yersinia®] Caco2 celle] ti3t Fatap 2= o
stz B 313}ict Perez S(1998)2 bifidobacteriad] AlXEHe] &
A A3} Caco? cello] thyt T2t €2} ABAAI} Q2 B bifidum
o] MEY¥ &£} Caco2 cello] tizgt FAHPo] Ariz g}
Crociani+= bifidobacteria®] Caco2 cellel tidt FxHedzl zhjoA g
=3t AV ALFES EIasY

= o2& bifidobacteria®] W4, UEEA, a4 ol Caco?
cello] tizt Faedat FA7|3E AVl LA E Ndstaxl za)s)
ot
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2. 28 o =py

7t FA 2F
2 A¥AM AHY FFe AHIHATL FHARRZB(KCIC) oA 2o
L2 14 ¥FA4F(B. b1f1dum B. adolescentis, B. longum, B, breve, B.
infantis) 9} ATCCOlA £ B longum 2 FF5 A&ttt AJFF
6 F(ABTB, ABT4, Bb-11, Bb-12L, Bb-12S¢} SJ-1)2 ¢ EH3} 2Ah
GE ol Relstedch, Tl @ wel AR dAe EHed Peg
15 FF& oMFFEA ARSIt FE FFo BuhE A 13- Table 1
2 Zrch

EHogHe bifidobacteriad #2|3}7] $13te] BSI agar(Mitsuoka
5, 1965)%} Beerens’ agar(Beerens, 1990: Beerens, 1991)& o|-&35}o] &
21 stgeh(Silvi 5, 1996), Aj2t2Ql B FZBE bifidobacteria® %2
3l7] 98t modified-NPNL Wol] &E3loy Ee|stadti(Teraguchi %,
1978).

)

L it AE

MacFarland nephelometer& ©]£3}o] 8X10° bacteria/m7} EHEE 3
A3l TPY brotholl 2042 (%F%% 1.6X10/me) HESIPc v
anaerobic jarQtollA 37°C, 24A1Zt wiorstadct, th&R8] TPY brothe] pH
£ 6.50]2 A¥TY pHE 4.800 datzt XibE Uit pHE 2AESIY
th 2ol AR vigede] 600nmol|A ] FH o chsf ABFFoA
B wjFe] FYxe] HESES AHEZA Aatstdch

th. yeEd AE

Ujabd AR} o] HMH #FF 0.25% Oxgall S 718 TPY brothoj
2018 (R F M 1.6X10/me) FF3te] w3t} iR FolA B33t
vjofee] 600nmo A FH ol oizh APFAolA B wigde FI=
o] WMELE BYEZA Aitstalch
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2}. Bifidobacteriad] E%}%¢

E¥/33t1]71 15% fetal bovine serum (HyClone), 100U/mé penicillin
G, 100ug/mé streptomycin sulfate 4 0.25u4g/mé2] amphotericin BE =X
H DMEM v § ARE-3lo] ujtdigic) AE FEFUZHE 1547 vjorsty
3E71Y AZE T AHgstdon, wiAlE o]Bo) & WA o
3 FAcThHChauviere &, 1992). S3 8 MFL 23PN E 3}o 2ASIA

=3
o}, Bifidobacteria®] &% 7)2}

1) Cell extract} culture supernatant®] |z

B. bifidum Bb-11& TPY ujxjoilA wjetsle] QAEze|ste cellS =2
9 F ZREE ANSTL 24T cell Bitalo] 1M NaOHS FFsto] pi
11.58 }_é*]' T 4TollA 16417 B¢t aykgt F IMe] H4be 713te] pHT
2 ZBEY Fol LAHZe3 A5 Faola F43tdch FMH A
TYE FAAZsA} g YAl Eestd 8L culture supernatant

& AA%D ARz

2) Antibody&] A=

0.5me2] cell extract(lmg/mé) IEE= culture supernatant(Smg/mé)z}
0.5m¢ complete adjuvant®] EFAAZ 7)o FAISID A&3|A 230}
Tl cell extract 3= culture supernatant®} incomplete adjuvant Z3}ol

2 28 ATk Ol Mo R FAY F 27F0] A2 stel YRS A2
stadet. Pl sodium sulfated 18%7} E|A 718t Ig6E A Asl &

28 Fol Aataedso] Fastalr).

3) Caco? cell &&t Ay

B. bifidum K-72] cell extract(lmg/m¢)$} culture supernatant(5mg/
me)S PBSoll B33t Fofl 0.3me2] &Hof 2.7me2] DMEMS g3t Fo
Caco2 cello] 7}stdct. COp wiot7lofAd 2AJ7F ¥Eg A7l 3 of HBSS+0.1%
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BSAE 33 M|¥3tdtt. SDS-PAGE sample buffer €& 7}5}e] Caco2 cell
& F&3tocl

4) Immunoblotol ©J3t F2t whidel A&

2 Adeld @ 2zUg SN-PAGE HAEFU ol
nitrocellulose®] electroblotd}iT}. NitrocelluloseE 1% BSA fojo g
1A 75 ¢t A 2]g¢t  Fof anti-cell extract ¥  anti-culture
supernatant(1:1,000)(PBS-0.05% Tween 20)ofA] 1A]Z} wr&s}gict,
PBS-0.05% Tween 20 -2 O 2 |23}t Foj| goat anti-rabbit IgG alkaline
phosphatase conjugate(1:1,000)-8<ofjA] 1A]7Z} ¥b-2-3t Fof 7jALNo"T
wAystgct,

3. Az o 3

7}. Bifidobacteria2] Lj4FAd Wl v erEdA =a}

TPY broth wizjof @itzt A& 718ty pHE 4.82 2 Fslo] wjget ¥
gy E 600nmoll A 2] FHEE FHH3to pH 6.59] FFuix] wirde] F
Bxeol vlayt ZAzHTable 1) 14708 EEFF FollAl B infantis FFE
o] Wjakdo] ©4=31A UtElW O™, B. breve KCTC 3419% 20% & LE}
Ugdch gt Mol WidE Zte EEJFEE B bifidum KCIC
3476, B. bifidum KCTC 3418, B. adolescentis KCTC 3352, B. breve KCTC
3461, B. infantis KCTC 33680]3 o} F-FZ = B bifidum FFEQ K-3,
K-4, K-5, K-10, K-C, ¥ Bifidobacterium sp. K-132 VIe}lLtc}. 5782 &b
AFRES Qabal 24t BEoA 20~40%8] ALES Urhigch o
ZE ZolN K7 BRE QU3 24 Aol 2zt T5us} 83 ek}
Py

wbAdof oidt Uiado] o9 431 gitHTable 2).
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Table 1. Acid tolerance and bile acid tolerance of type cultures and

commercial cultures of bifidobacteria

Acid tolerance {pH 4.8) Bile
Species Strain HCI1 Acetic acid tolerance
(%) (%) (%)

Type culture
B. bifidum KCTC 3418 30.7 = 45 8.2 *+10.1 38.5 9.2
B. bifidum KCTC 3357 54 14 04 %06 37.5=*29
B. bifidum KCTC 3476 47.0 = 6.2 9.7 *11.4 0.9 £ 1.3
B. longum KCTC 3466 15.8 = 0.2 40,8 *30.2 0.2 £ 0.2
B. adolescentis KCTC 3416 0 0.8 = 0.4 54 0.9
B. adolescentis KCTC 3216 18.3 = 3.7 35.6 £11.6 23.6 *15.8
B. adolescentis KCTC 3352 22,7 £29 17.6 = 9.8 15.0 *11.6
B. breve KCTC 3419 18.7 = 3.1 29.0 £ 3.7 23.6 £ 4.8
B. breve KCTC 3461 47.1 = 4.1 29.1 + 3.5 2.6 £ 0.3
B. infantis KCTC 3249 4.1 =21 307 %98 156 =20
B. infantis KCTC 3460 49.1 = 2.6 32.6 *17.5 12.8 £ 1.1
B. infantis KCTC 3270 34.5 £17.0 26.8 £12.1 22.0 £ 2.1
B. infantis KCTC 3368 30.5 = 6.7 32.9 £27.1 14.0 *13.4

Commercial culture
B. bifidum Bb-11 23.3 = 1.4 43.6 £12.5 38.3 = 6.5
Bifidobacterium sp. ABT-B 21.4 £ 8.2 17.4 £18.5 19.6 * 4.3
Bifidobacterium sp. ABT-4 29.6 £ 0.3 31.1 £7.3 207 + 6.4
Bifidobacterium sp. Bb-12 23.5 £ 1.5 39.8 +10.4 33.6 £ 5.1
Bifidobacterium sp. SJ-1 31.7 £ 45 32986 16.0 £ 0.8
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Table 2. Acid tolerance and bile tolerance of wild cultures of

bifidobacteria strains isolated from human stool

Strai Acid tolerance (pH4.8) Bile
Species HC1 Acetic acid  tolerance

" (%) () (%)
B. bifidum K-2 17.7 £ 1.9 28.0 = 3.3 49.2 =+ 9.8
B. bifidum K-4 175 £ 6.8 9.4 £ 21 27.0 £ 4.3
B. bifidum K-5 15,8 + 85 6.6 +3.2 337 4.9
B. bifidum K-7 74.7 = 3.0 83.0 £ 2.4 581 * 2.7
B. bifidum K-10 22.2 *£11.3 6.8 £ 0.3 33.8 = 5.6
B. bifidum K-C 18.6 £ 8.4 10.6 = 1.4 76,1 = 3.0
B. adolescentis K-A 2.3 32 150 £11.0 3.1 x1.2
B. adolescentis K-B 58 1.4 39 05 135 £ 1.9
B, adolescentis K-E 6.7 £ 6.1 21.2 £15.8 0.9 = 0.2
B. adolescentis K-F 0 126 1.5 05 %= 0.7
B. adolescentis K-H 54 + 3.3 194 £1.7 1.8 1.3
B. adolescentis K-J 0.8 £ 1.1 106 £09 2.2 x0.2
Bifidobacterium sp. K-3 9.5 44 228 81 10,9 9.1
Bifidobacterium sp, K-G 0 4,6 £ 0.6 20.9 £ 1.7
Bifidobacterium sp, K-1 42.1 £ 0.9 196 £1.5 2.9 1.1

0.25% Oxgallo] ¥-{H TPY brothejz|o A @ 7uieF F HAL iy
£ 600nmofl A FHE=E SHY Az} ARIFOZ 50% o3t BAES K
23 9ltHTable 1, Table 2). A3} 1 FollA ofAFFel B bifidum
K-C 3L 34 Sejo] 54.14% & 7}% 94300 B pifidun T3
£ K-2, K-7, K-10, K-5, K-8, W K-4 &2 = ©Fito] izt & Y
EpfgitH(Table 2). EEHF F B bifidum FF& 3 45 FA 2 5
7t 30%0]p o2 THE EEIToOl B3] WEFEo] S-S HoFdch
YFol izt Wido] ¢4 IdFES EEAT Kl APEFEol 31

o 4AddF F B bifidum Bb-112 B 30%2] FAY W TXE el
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Uz odge & 4+ drk

fifo

L, tiAAE] A E(Caco? cell)of ti3t Tat=8 Ax}

Caco? cellofl ©hEt FHsdo] S48 FFEA EEIFo|NE
bifidumz} AQFFolAs B bifidum Bo-113} B longum SJ-1 F30]
ok FFoN = B bifidum FFEQ K-2, K-4, K-5, & K-C F& 2
o 1007018 A 262nt2)7t FAE= AoR Urlkich o] A=
¥l B. bifidum d-FE°] UM Eo] 2 FAs = 4FYE U +
2ltHTable 3).

Table 3. Adherence of bifidobacteria to Caco2 cell

X
¥ o o ™

Bacteria
Species Strain
No. /100cell
B. bifidum KCTC 3418 278
B. adolescentis KCTC 3216 29
Type B. longum KCTC 3215 51
strains B. breve KCTC 3220 26
B. infantis KCTC 3249 68
B. bifidum Bb-11 213
Commercial Bi fidobacterium sp. Bb-12 73
. Bifidobacterium sp. ABT-B 4
strains Bifidobacterium sp. ABT-4 18
Bifidobacterium sp. SJ-1 102
B. bifidum K-2 324
B, bifidum K-4 334
B. bifidum K-5 151
B, bifidum K-C 238
Wild
strains B. adolescentis K-A 21
B. adolescentis K-B 37
Bifidobacterium sp. K-3 40
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T} thAMA T M E(Caco2 cell)o] thi} bifidobacteriad] &%} 7]z}
AT M ol B, bifidumo] FEY wjoll |3} B bifidum®] M| X
Hat wfFe G5 (culture supernatant)ol] Eaiste THA L RAPSIY
th. o u| Mol B bifidum K-78] HEFZE3} w45 A Caco?
cellofl HFgAJZ Fofl 0.1% BSA WO =E Caco? cellS MH3t] Faery
cell extract®} culture supernatant?] ©ThfAL HASGCE Cell
extract®} culture supernatant® A 2]¥ Caco2 cellz} cell extract2}
culture supernatantE & 7}S}A] U Ae|gF thRFe Caco? cell2
SDS-PAGE?] sample buffer‘%- 713t &-&31Act €&FH Caco? cell &
SDS-PAGES}o] thilzg £2|¥ F electroblotdled nitrocellulose® o]A
stgdtt.  NitrocelluloseE anti-cell extract IgG2} anti-culture
supernatant IgGE HhZ-A]Z1 ¥ goat anti-rabbit IgG-alkaline

phosphatase conjugate®} 7] &8 o]L3lo] WM3IACTHFig. 1).
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Cul ture Supernatant Cell extract

kb

66

€ 45
36

€« 29.4
24

20.1

14.2

Fig. 1. Immunological blot of culture supernatant and cell extract
from B. bifidum Bb-11 bound to Caco2 cell. A, B, and C:
Detection with rabbit anti-culture supernatant rabbit IgG,
D, E, and F: Detection with rabbit anti-cell extract IgG, A:
Caco2 cell. without treatment, B: Caco2 cell treated with
culture supernatant, C: Culture supernatant, D: Caco2, E:
CacoZ cell treated with cell extract, F: Cell extract, G:

Molecular weight marker

Cell extract W Culture supernatnat® A &|&t Caco? cellL Tz
CacoZ cello] H|3} F2}5Fo] 40,000¢] polypeptide band7} glglom o=

cell extract®] F2 polypeptide®} B]x=§t Bx}jgro|elt}, Cell extract7}
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culture supernatant BET}E Ex}gro] 40,000¢1 polupeptideZ} Z35tAI
Elyttt.  AntibodyE  bifidobacteria®]l cell extract®l culture
supernatant& HWHFA}Ste] A REIgJ oL} Antibody’} Caco2 cell$)
polypeptidedy] ¥F-&&te ZAIE-E3t= antibodyZt ASE ¢ + Udch
(Fig. 1. A, D).

o] a3 Az} B bifidum Bb-112] M XHo] &zt ExIaFe] 40,000
¢l B. bifidum Bb-112] wh¥ o] Caco? cell FZloj mj7/jE R 9l
1= 3

4. 3 9

B. infantis ¢-F5o] Wit do]l Zstm B. bifidume] WEFEol w4
onj 4¢}§ bifidobacteria FFEZ WA WEFEol wATh B
bifidum FFEo0] BT F2dol &oltl. B bifidum Bb-112] H=z}&o]
40,0008] H) X wh o] A2 Caco? cellel thdt Exg ujrsts 2
o2 FFAcL

- 173 -



A 3 A IYAHE RoJMdF bifidobacteria?]
P TE

1. 4 &

BifidobacteriaZ B|FE3 AdAls Ao MFHo 3L o] ¥
3 ¥ HHE A BY ZULHE BES Wi, Yo
o} MeZZEI} 9go] YN Qlth Bifidobacteriad] oljat w3}
+ @0l ojz} thEcH(Benno®} Mitsuoka, 1992; Charteris &, 1998),

Bifidobacteriat= AMgte] 13} £3& F3H= vlgo] H3Y AF
2] 23.5%7} HrHPochart 5, 1992). B, longur& TAE Az} ) F
%.,] W3ty ALl ¢lal e} lecithinase 24 clostridia®} Bacteroids®]
EHPQL}] M7t 245t 22 pH, ¢EuUo}l 2 B-glucuronidase & o]
ZrA 3o THBenno®} Mitsuoka, 1992). ¥tHol| B Jongum® 2 wjoksl wly
5 Ao Al 24 A} Eu bifidobacteria MlFfE ZJstgor}
2I1EE 4 "8 EY AEs W pHel: Aolrt ¢ldith(Bartram
1994). B. breve 6@F ZFolA 3 FFZ waAH S tAe Fo3l
z ot Apgre] &2] clostridia, bacilli W B. fragilis®] Al@F42} F9
pH7} 7FA 3519t (Romond %, 1997: Romond 5, 1998).

UIERE 7 B oA FALLEA ¥A cholesterol & 743t}
= 97 B3J} Qci(Danielson %, 1989; Grunewald, 1982: Rao %,
1981: Thakur®}  Jha, 1981). Grunewald(1982)=  Lactobacillus
acidophilusE YR H HRAFE FoA F 22 €% SYLgE gt
o] kA3t KHstaden FHEl lactobacillid] Mdg= Wiy ¢
gltial Busiydct WARE FAYLEM 83 Zy e So] Zasis
o|FEA fabdol AuollA cholesterol & F43lu7t == §AalFo] w
" Foll A8tz 3 o] ZtollA cholesterol?] AL AA517] w o)t}
3 4A glti(Noh %5, 1997, Rasic &, 1992: Thakur®} Jha, 1981).

Bifidobacteriaw biled salt®} cholesterolo] H7I¥l wjx|oA wjrdt

o
u
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ol bile salt& deconjugatedt2Z pHS. 404 deconjugate® bile salt
X cholesterol &} &7 A A3A Hrh(Klavier2t Der Meer, 1993). E3¥}
bifidobacterias=  cholesterol E.Cl& cholesterol oleateZ} E4F o]
MEeE FATTHTahri 5, 1996). uletA] bile salts7} 719 wjerd
oflA] bifidobacteriat cholesterolZ} cholesterol FEAHE X AA|7|:2
sastomA AAY 2 UrHTahri £, 1995).

2. Mg 2@ Y

7t FAEE W AR

12} AP\ B bifidum K-7 Fdo u}2 rat £
B -glucuronidase TR E & ZAlslgen) SD AEL 43 2 124
19999 14 14 ~ 29 9U F 22U ou] AtAE S At
22} dFollMs B bifidum Bb-11 Fojo] wE rat ¥ FZo w3 o
B-glucuronidase T E ZAIstgch. SD AT 24 324& FY3sted 19994
59 244 ~64 144 F 1997 ARAEES A3t}

&
]
o
to,
L)
e
2 ¥

Ll AEAA W FAReE 25 AR

A1z} AFolA FHe T2 FFol RARE F4olA cageHE 3 ulel
A FelAlA AMSstde 5de AF NS F F & A
th H-L7|7 55U Guixg g FAA T B bifidum K-7 458 B3
Fo olE ARE 1AW, 1ZHLHEA HE tio]lojEZ(Table 1) A
stgch Ztzb 3ofe]d] o 2F(C0)%} AelF M2 dF 71 B bifidum
K-70] 2718 /& FFF 3t A7 £ A8t 24 #F
W 319l B-glucuronidase ¥4 =& ZAlSH4c].

A2xt AFo M= UHIAI R E(Table 2) FAIAZ|HA] B, bifidum Bb-11
3 AT st Zh7} guie|y oz} M| HE AR s
B. bifidum Bb-110] H71¥ $RE ZATT st R0l £& 23
Bl 2ol F& W3} B-glucuronidase P EE RA}sC].

U27e +RUS fd 1nt 2] Z3Fo stH3 3748 AMe|7e= 2428

(e
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T+ B. bifidum) % B. bifidum® & WEA|Z) UFS
ofed 1m¢ A 1A FoAdE 209 23 AFME

bifidumE F-AtA}Z] ‘-?- (§-++B. bifidum), Ru|X) B bifidung BA}
Al SR F+ 2o H
(B. bifidum WHG)E

1443t ZFFof st

t}. Bifidobacteria®] A=

A 2| (F+B. bifidum)@t A )| F(S+ZXnjMF B bifidum)] A2
A Z vhH2 TPY brothof 2th Althuj¥S B, bifidum FFE 0.2% HZ3}
o 37CollA 24A12t F7lufet sttt Ae| 2 (SR+B. bifidum)e wjoFed
< dAEelste] 82 FAE 20% &R foll o 0.5me%! EF F -20C
oM WYE HUSNHEAM FojE wfnict ARt WEH 0.5me8] #3FE
Smee] Ffroll B4t AA oA BFEFA stgct. A F(SR+RolAE
B bifidum)Z ¥RgAE YA EElste] L2 FAHE 0.85% B Fgo] £
AA[Z] F FArd 10meE 4mle] 1% yeast extract®} Iml®] 20% skim milk
I st o] ?iii}“‘& AL RS LT B *UIHHLS‘!} AlZich ZolA3
39 B bifidum FFE 7 5meo] 0.1g % XA T 1 oA A
5o sty

A 2| (B, bifidum LH-F)] A7 AR WHL 1008 TPY brothoj 2tj
AchulF® B, bifidum 355 ol 0.5% FFEdte] 37CTollA 2447 &
713e 2 wjgstolt. /Y A= Y o5 H ¢ F o] H EE
o] A F F|oA ZFFA st UEH /2] pHe 4.310.2 o]
ol WARE= 5Uo FhHA A zslch,

2}. #|oll ¥l Bifidobateria M4 &3

A=A ate] E@IE‘ TTE A3t flste] A 2| F(R+B. bifidun)
MB= FEET Fol sle FFE Aol 1% peptone Fof 42 M3 &
TPY agar B3to] =3l Az F48 A4 stgdn A ($F+2ul4
3 B. bifidum)& Zu)MTEE B. bifidum T3 0.5gS 100mee] Q12 zted
(0.05M phosphate buffer: pH 6.8)ol] 71slo] 37CoA 6417 Hot &3
A F §&N8E 1% peptoneZ A X B A 3to]  TPY agar Hlo] Zubs}
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g% TAE AN T F R/ T AWt ANSAT. AT AL
olAted -299(0.03M potassium phosphate, monobasic: pH
.2)oll AZEA ¥ F TPY agar Hoto] =udle] Al staich

Table 1. A1x} F Al Ao A8 2A

4 & (g
Casein 20.0
Corn-starch 58.0
Cellulose 10.0
Corn-oil 5.0
Beef-tallow 1
Choesterol

DL-methionine
Mineral -mix
Vitamin-mix
Choline-bitatrate

Z 3% 112.

NIGFwo mWw
oMo vwo o

Table 2. A|2x} ] At AP A8 24

8 & 2 (%)
Moisture 9.5
Crude protein 23.1
Crude fat ' 5.5
Crude fiber 4.1
Crude ash 7.0
Nitrogen free extract 51.0
Cholesterol 1.1mg/g
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o}, %

A2
staphylococci o) E4E ZAEr] elstel AUmAEA 27 Bl
modified-MRS with 0,02% sodium azide, NN(Neomysin Nagler), DHL ¥tzinj
Z](DAIGO; Japan), Staphylococci 110 (Difco)& A3}t

thAl  cageollA Fo] EHEE AEER 233t H7)E| A H(0.05%
Cysteine, 0.85% NaCl)oll £4tA1Zl ¥ 1% peptone E]A]-Zo& AlR3lo] 4]
218 A 3lgd e bifidobacterias 37°CollA 4847t Z¢tF ¥ 71 A (H, 90%:
CO; 10%) S8 wjorslelal, clostridia® 37°CollA 4847t St &71& (A
2 100%) 2.2 vje¥slgdr}. lactobacilli, enterobacteria, staphylococei

Z71El= 37CollA 24X wjgstalct

2ue A2 &
o

2] bifidobacteria, lactobacilli, clostridia, enterobacteria,

vb, # EHUS] B-glucuronidase A E &4

o BAFZHE & 2Bl o]E AIEE ALt A8 A
2]= 0. 1M potassium phosphate bufferd] £4tX]Zl ¥ stomacherZ o]-£3}
of ZE2A upaf AZich oRlH A& ARE o83t ARtk AR
o 2HE 0.0lg/ne] %7} HAE 0.1M potassium phosphate buffer
2= BT T 2emEa AT AR 2SI (Vibracell)s 4T

A 184 33 Adrjslgoen 2 292 500g0)4 5837 YA EE st
cl ASUE A} tubed] &A o]F TANNEAHo| Algs}ch
BANE 242 AlzdoTHE 0.1nE 2|5te] 0.9mle] substrate &

(0. 02M potassium phosphate; pH7.0, 0.1mM EDTA, 1mM phenolphthalein-
B -D-glucuronide) 3} Z3MA|Z1 F F24RojA 37C, 3087 v A
t}. 5ml2] stop solution (0.2M glycine buffer: pH10.4, 0.2M NaCl& 7}
sto] HEgS Zuh A|Zith 540nmollA FHE=E ZA sl

/l

Hm

Ab 83
Cholesterol2 RudelZ} Morris (1973)2] o-phthalaldehyde WHeof &3}

o] Arlstg e Q1x|&, triglycreide, % HDL cholesterolZ} [atrochrom
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P;-S kit, Cleantech TG-S kit W Am203-k kit(latron lab., Japan)& A}
£35}o] &A3todtt. LDL cholesterol& Friedwald(1972)28] Alof 2J3] Al&

staich

o}, Bifidobacteria®] ZdLHE T &3

Lipid vesicle= Razin %, (1979)¢] whol w2} A Z3stgct. 0.2me2]
phoshatidycholine( @ -lecithin: Sigma)2} 10mg®} cholesterol(Sigma)E& 1
me®] CHClyoll &3jA1Z ¥ N.§ EARIHA A= AzZich A2" EHE
10m¢2] 0.4M sucroseE 713t ¥ & ol N; wAIEA ZZutEH7E
Baste] vesicleE A4 AlZich AU €92 0.45m= o o3} HF
st} ¥R Bystglch

TPY Bjx] 3méo]] &uv]¥ lipid vesicle €9} Imé(Cholesterol: final
concentration 0.2g/ £ ) 3 % o2} HFH 1m82] 0.3% oxgall (Difco)&E
Egstact. o] EEo] 2t] AhuiQH bifidobacteriadt& 5% FF L
F 37ColM 24412t 7] wjodsteict.

ajorel S Al Resle] A5HE 33to] Al tubeo| &7 cholesterol &
Ao AFEslgct. AEL 522 0.1M phosphate buffer(pH 7.0)E 7}3}
o 13 AA3 F JaEel stach FAEol FFe 0.1M phosphate
buffer& THA] 7135l ol& x71& Aefolld 2 ZSIEN7IE AZE £
stadct. 2" HAXE FEFEL  cholesterol &Aoo ARgsiArh
Cholesterol Z#& ¥hH.2 RudelZ} Morris (1973)2] o-phthalaldehyde %

o &3te] dAIstaTh

3. Azt W 3%

7V. B. bifidum K-7 Fojo] w}2 rat ¥ F% Y B-glucuronidase?]
3}
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78] &8 bifidobacteria®] Mlda Fo17]12 A|Liztel] whap At
o] Zath= Z¥E Hoch AAHLoR tfRTo vldt AHeltge M
8] 747} A AFH A, 743t 14Ul AT FollM A (FFxulA
3 B. bifidum)®] bifidobacteria AMdF7} B 7]7Hs¢t 238} &
Ao uls] AR oF w2 oFo] bifidobacteriagd F25t2 Y2
ot 4= 9lgdtH(Table 4). o3t @.4—% Z oM F3}7} bifidobacteriag]
ol o] &Ml AE nAL USE & + At

Clostridia Al@8] Wite B 7|25 27 A FES |43
ol Z+ASS ez Q) B3] B bifidum WAL T Azt
A go] 71 &elth(Table 5).

Enterobacterias AWtA 0T Fo 0o d2HE 209 F¢t & HIE
Uehial ekgron} 99 &) oFzt E7ksttizt mximbd Waeld AT
B A 2o vlsl] A et $A Leluitl(Table 6).

Lactobacillis o 04 dof H[3] AW og BA7UF¢ Z4dt=
7A3E& Uetlen Aejpola 24Eo] E3TtHTable 7).

Staphylococcii= ZurF o2 0 =] Rr} Fo 717 Fok FIlsl= 3
& vetWidcth cizFof vj3) A7) AlEart ofe WA Vehde 3
3ko] 9ol 9litH(Table 8).

olg|gt A¥ AMNE Er]E RujM|13H bifidobacteriaZl 7 FFo F
7|2 A2 RE A7k ¢GASHA =t Zloftel nhet oA
NE2LES 931 J2& Table 3o XHo F itk widoe
clostridia= bifidobacteria® A 2|H A zjqEo] thRFe AHFFo v
3] A Llelul bifidobacteria Fojo ulE RIMNFEY A4 BHE &
4 glgen Ssl AVHOET HE AT YR 9Ux Hi urt
MR a2rh Fdrh

ZFFA oA 209 A AR RE AY £ AMsideng I
229 widd ¥ AR AT HIt A&+ vk whetd 2F
ARoiMe AR FY8E ¢lste vidd SHUE 233 F+E
Abstejol & Zlojth. FFFo 7% F LAY, ZZH2EHE Aol R
£ Foigel utet #7t d3ste tloloEo utE #F9 W3 Y&
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oA E TS H42A 48 4 deEs 4
ol2jat W4E gloloF ¥ Zolch.

Table 3. #|o|| &t B. bifidum K-78] MT4

rz
b
>
ket
e
Ll
1~
>
Ny
|a
e
x>

e B log CFU/m}2] v
O O
Tt
B. bifidum 10.4
O O +
S 71
Xo|M|F+ B. bifidum :
B. bifidum
) 12.2 = 3.02
) 2 3

Table 4. %2} £} bifidobacteria M

(log CFU/g)
C=PE .

PR 0 9o 15¢ 20 o
5 8.9£0.4 7.2%x0.5 7.8+0.3 6.0x2.0
28

. 8.3+0.2 8.0%x0.8 6.7t0.9 7.6%0.5
B. bifidum
28 -
_ . 8.5+0.0 8.5+0.9 8.4%0.1 7.6%0.5
Zo|MT+ B, bifidum
B. bifid
I.IUIH 8.2+0.7 7.8+0.4 7.4%x1.3 7.7%0.7
HEH
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Table 5. B. bifidum K-7-§_— '1E-0=)§_!‘ -’}]3} -E—BdLH clostridia /\ﬂ——ﬁt-ﬁ"—
(log CFU/g) .

Mo e 0 159 20 &
s 6.6%0.3 6.40.5 4.5%+1.9
SR+
6.3%0.1 5.1%+0.4 3.3+0.9
B. bifidum
i .
2nM2 B bifidun 6.1+0.1 5.6%0.7 3.8+1.3
B. bifidum
wEe 6.6+0.4 4,9%+0.7 3.0%0.0

-

Table 6. B bifidum K-7& T3t #]2] 2H1) enterobacteria Alut5

(log CFU/g)

=3 ol
5 6.3+0.3 7.1%+0.5 6.8%+0.9
o0
v 6.5+0.5 6.91+0.6 6.6%0.6
B. bifidum
5+ ‘
6.2%0.9 7.1+0.7 6.4%0.6
2uo|MF- B bifidum
B. bifidum
. 6.9+0.0 7.240.2 6.0%0.2
UER
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Table 7. B. bifidum K-7& Foi3t z]¢] ¥ lactobacilli Mld4
(log CFU/g)

Y

A2l7 v« e
iy 9.8+0.5 8.4+0.6 6.9%+0.8
[} e) +
e 8.9%0.1 7.140.4 6.7+0.9
B. bifidum
[ 3] +
oo 9.9+0.1 7.5%0.8 7.4%0.4
Zu|MF- B. bifidum
B. bifidun 3.9+0. 4 7.6%0.2 6.7£0.5
ws .90, .80, 70,

Table 8. B. bifidum K-7& $o]%t 2] W1y staphylococci Ao
(log CFU/g)

T Ut 2 ‘
Az 2 0 < 9 o 20 o
*>5 3.8+0.2 6.3+1.2 4.7+0.5
[o 3]
Tt 4.3+0.1 51%1.0 4.7+0.2
B. bifidum
co .
T 3.940.0 5.7+0.5 4.7+0.5
2u|HF B. bifidum
B. bifidun 3.940.0 5.740.9 4.9%0.3
wae .90, .70, .9%0.

Table 9ol B 8lo} o] BT 7|7t T B-glucuronidase?] &
T =gzt HIE Ueials gton} nixjet 20 &) =B 227
By 1} B-glucuronidase?] HE7} tiRFol ula] At EFAN &
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Ltelytch "3 cholesterol @] ¢ake A eg|LEo] tfRFof H|a] L&

¥E Hoch

Table 9, B bifidum K-7& FoI%t 3¢ ¥l B-glucuronidase

(mmol/ng)
= ol
A2 TAL gy 9 o 15 o 20
5 0.6x0.2 2.6£0.3 1.3+%0.4 1.7%+0.0
L5 +
' 0.7+0.1 2.3%0.7 1.2%+0.1 3.3%0.1
B. bifidum
25+
. o 1.5£0.5 1.7%£0.2 1.2+0.1 3.0%+0.5
Ro|MF B bifidum
B, bifidum
. 0.5£0.0 2.7+0.9 1.2%+0.2 3.2%1.0
wE-F

Table 10. B. bifidum K-7& FoI%t & 3 Iy AHE
= o)
'T'O% E_’z} 1 1
BB Cholesterol (mg/df)
5 153 + 22
25 +
113 + 41
B. bifidum
5+
. o 140 + 19
ZolM|t B, bifidum
B. bifidum 146 + 31
A _
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L}, B. bifidum Bb-11 Foof ulE rat £ F& 2 B-glucuronidase?]
H 3}

2 320}2)E 8ulald 47]e] P2 Ulrol UNMALR(ANFALE)(Table 2)2
A8 22e Y 1) $HE Foistn Unix) 37 Ml
B. bifidum Bb-11& 7}t £, Zu|Al3L B. bifidum Bb-11& &7}t
., B. bifidum Bb-112 LAY ¢HE vhd It ¥ Fo3tgc)

Z} 3t njeloll BH BdS B bifidum Bb-112] AH|F4% Table 110]
otk el £ Tl 19, 78 D 1ol AN A+ ZAlsl
om 150 FE st ZFTHLE HAE 235t cholesterol,
triglyceride, phospholipid, high density lipoprotein(HDL) 4 Ilow
density lipoprotein(LDL)S &3 3}ict.

s

+ J Bifidobacteria, clostridia, enterobacteria 4 staphylococci
o] HF MHad4Es 2z 10°CFU/me. 10°CFU/me, 10°CFU/mé I 10°CFU/meo) g
THTable 12, 13, 14, 15). Fo43 143} Fof ¥ 24, 7d % 14¢e] &)
of BE M9 WHIE E 5 ¢t Lactobacilli= Fod 143 7d
ol 107015 o 140l 10°CFU/meol Tt BE A7t Mlgsols
ol 7b dct. B-Glucuronidase =& FH7|7 5 S8t oLt A
gl 2ol oAl Aolzt glKitHTable 17).

Fo] F 150 FE 3ZAst AU cholesterol, triglyeride,
phospholipid, HDL % LDL& <Z&A3}eicH(Table 183} 19). w7
cholesterol EHZ}2 85 mg/deo]l. Zu|M|L B, bifidur Bb-11-& H7}35
LRHE Folat A2|7o I 66mg/dl2EA p<0.01 FFojlA FolAd
o] glglth. B. bifidum LERE T3 He| T 45mg/dlEA TR 8}
B bifidum 7t HE FAE He|Fol thsl 50%0]n§ P<0.001 F=Fof
A Fejsgel At oldel AxpeliM ZujMF B bifidum Bb-118) Fo
2} B, bifidum Bb-112.% WHH Wa-F2 FoJt 2] & cholesterol &
ZaAFle &2t olem oA A2zt &8 B bifidun®] T X
cholesterol 2] Zt4 #H3} ¢&& o 4 29t} B bifidum Bb-112 2 |

- 185 -



2 HARE FAHLERA AW o] foFoR Zseldrt

(P<0.05).

Table 11. ¥ ¥t vle] # oA Foi&t B. bifidum Bb-11 M|F<

A 2] log CFU/rat
X ]
B. bifidum
[o3K =] +
T 9
Zo)MF B, bifidum
B. bifidum
_ 10
g

Table 12. B. bifidum Bb-11& Fo% #| Eul bifidobacteria A|F<2]
w3

(log CFU/g)
=3 el
Aot g 29 7Y 149
25 7.9£0.3 8.1+0.4 7.8+0.3 7.7+0.4
5+
8.1£0.2 7.9+0.3 7.8+0.3 7.6+0.4
B. bifidum
LH ¢
. 7.9+0.3 8.4%0.4 7.9+0.8 7.5%0.2
Zu|ME B bifidum :
B, bifidum
N 7.8£0.6 8.2+0.3 8.0+0.4 7.7+0.7
UEH
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Table 13. B. bifidum Bb-11

o

T4t 2|9 clostridia MlF4

(log CFU/g) '

Fold=} )

e Fo1d d 24d 7d 14¢
5 54+0.3 55+0.6 58+0.3 5.9+0.4
oo+
o 5.8+0.3 5.8+0.3 6.0x0.1 6.3%+0.6
B bifidum
oo+
T T

5.4x0.1 6.0£0.4 59%0.2 6.2+0.4
Zu|M B bifidum

B. bifidum

A 6.0£0.0 54%0.6 55+0.4 5.8%0.4
AR AS

Table 14. B bifidum Bb-11¥ FoI%t ]2] enterobacteria Mo
(log CFU/g)

1
e ek SRR 74 149
25 6.010.1 6.3£0.8 5.2%+0.5
i
T 5.8%0.5 5.90.7 5.5+0. 4
B. bifidum
S5+
R 5.3x£0.8 6.3x=0.6 5.2%0.9
2uo|M|F- B bifidum
B. bifidum
. 6.5+t0.2 5.910.4 5.0x0.6
-0
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Table 15. B. bifidum Bb-11& T3 z]o] Eu) lactobacilli Ald-4
(log CFU/g)

= ]
A RUE 79 149
iy 8.8%+0.1 9.2+0.3 6.9+0.8
5+
) 8.8%0.2 9.2+0.5 6.7%0.9
B. bifidum
5+
. o 8.3+0.0 9.1+0.4 7.4+0.4
oM+ B bifidum
B. bifidum
i 8.310.2 8.6%0.2 6.7%0.5
IR

Table 16. B bifidum Bb-11& Fo%t #¢] i} staphylococci AMF4
(log CFU/g)

Fo{dz}
Foi 1d A 7d 14
Azl
5 4.7+0.4 5.5+0.3 4.3%0.5
L8 +
4.7%0.3 5.7+0.6 4.5%0.3
B bifidum
.90 4 .
oo 5.2+0. 4 4.7%0.6 5.0+0. 3
ZulA| B bifidum
B, bifidum
i} 4.9%0.4 5.0%0.4 4.5%0.6
wg-S
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Table 17. B. bifidum Bb-11& Fojgt o] Bl p-glucuronidase
(log CFU/g)

B
U BT £ 149
oo 0.1£0.2 1.0%0.3 1.3%0.8
[e 3K e] +
N 0.5+0.2 0.9%1.1 1.1+1.1
B. bifidum
oo
) o , 0.5%0.3 0.8%0.2 1.1%0.7
Zo|MT- B. bifidum
5. bifidun 0.3%0.2 0.7%0.6 0.9%0.6
was .30, .70, .90,

Table 18. B. bifidum Bb-11€ i3t 2] ¥H¥ =z 2z

==} Cholesterol Triglyceride Phospholipid

Azl (mg/de) (mg/de) (mg/de)
o0 85+8 3610 6.4+0.3
oo ,
e 93+19 35+3 6.4+0.6
B. bifidum
[e =) +
o 66+12" 3647 6.5+0.4

ZulM|+ B. bifidum

B. bifidum

- 45+16™ 37+11 6.9+0.4°
uES

* P<0.05
® P <C0.01
** P < 0.001
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Table 19. B. bifidum Bb-11& F<I3t o] ¥ lipoproteing] ¥ sk

=2 dxa} HDL LDL
A el (mg/de) (mg/de)
<8 93*21 30+24
5
. 90+17 23+11
B bifidum
25
) L 94+29 41 %10
Zu|Mj5+ B. bifidum
B. bifidum
_ 92 +26 25+14
o
# P < 0.01
t}h W&ol LY wiX oA bifidobacteriad] T AHE F4 &

EZFF 533 U B bifidm FYFF 1 FFY PYFF 6FF
= @ 45

oxgallol F7H TPY wix|ollA wiget F YA Eeld
o]
=3

3
FEFFE uxjo] -]H cholesterol?]
D & Qudes A
Holo] WA AT RE MFe XEIEI|ol= cholesterolo] u]$ A
o] bifidobacteriaZ} cholesterole] A& F4351A] &S o 5 o

ch.

BN
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Table 20. Oxgallo] ¥FH TPYuRR]olAM{2] bifidobacteria ujoreie]

cholesterol #3

Cholesterol (%)

Species Strain Supernatant Washing Cell

fluids buffer extracts
B. adolescentis KCTC 3216 78.3%6.0 15.4%0.1 6.9%0.2
B. bifidum KCTC 3357 93.4%0.6 5.9+1.0 0.7£0.4
B. breve KCTC 3419 90.4%+0.8 0.5*1.0 9.1%+1.0
B. infantis KCTC 3249 95.54+0.4 0.3+0.2 4.2%x1.0
B. longum ATCC 15707 79.0%1.0 17.9£1.0 3.1£0.4
B. bifidum Bb-11 94.8+3.0 3.9%0.3 1.3Xx0.3
B. bifidum K-2 39.6%0.5 55.1%1.0 5.3+1.0
B. bifidum K-4 91.8+3.0 4,3%£3.0 3.9£1.0
B. bifidum K-5 33.9%3.0 60.1x0.4 6.0%£1.0
B bifidum K-7 38.3*0.4 59.0£1.0 2.6+0.1
B. bifidum K-10 66.3%0.1 30.1x1.0 3.6%1.0
B. bifidum K-C 68.3%x1.0 30.5%0.0 1.2+0.0
4. ¥ g

B, bifidum X Zu|M3 B bifidum& B 713} 989} B bifiduml B
HIY YIRE AL FHE A7 $/E T4 3E yzri=
st Adgstadct. Aix ZrFALHoNE IxY TZHAEHE tio]o]
EE Jo3stgctt. B bifidum K-7 W Zv|Mx B bifidum K-7& 7}3

Sfet B bifidum K-7T2% AHZY LERE JFoPL Azl Fold £
bifidobacteria M7} th2of uv]s] &9rom clostridiax YQkct
Fo AP77E Holl th232} A 2|7} bifidobacteria, clostridia
lactobacilli®] 47} A3} 2 enterobacteria®} staphylococcis &
Zbstedet. A2zt AR Pel e UvAEE Fosldct. B bifidun
Bb-117} FoiH  Aeglfe FA97r Fo] & Ul bifidobacteria,

clostridia, lactobacilli, enterobacteria %! staphylococci®] AMF<=o]
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o] thzFet xtol7} ¢lich. B. bifidum Bb-11% A 2H wWFGe} Zn
A5+ B. bifidum Bb-110] H71H HE FolH AT 2T s
83 cholesterolo] Wotom B bpifidum Bb-118 #ZXH UYFLE E4F

Agls A=A o] FoJdUA &)
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