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Abstract

B-Mannanase from Xylogone sphaerospora was purified by Sephadex G-100 column chromatography. The specific
activity of the purified enzyme was 8.24 units/mL protein, representing an 58.86-fold purification of the original
crude extract. The final preparation thus obtained showed a single band on SDS-polyacrylamide gel electrophoresis.
The molecular weight was determined to be 42 kDa. Picea abies galactosyl glucomannan was hydrolyzed by the
purified B-mannanase, and then the hydrolysates were separated by activated carbon column chromatography. The
main hydrolysates were composed of D.P. (degree of polymerization) 7, 8, 12, and 13 galactosyl glucomanno-oli-
gosaccharides. To investigate the effects of Picea abies galactosyl glucomanno-oligosaccharides on the in vitro
growth of Bifidobacterium longum, B. bifidum, B. animalis, B. breve, B. infantis, B. adolescentis, and B. auglutum,
Bifidobacterium spp. were cultivated individually on a modified-MRS medium containing a carbon source such as
D.P. 7, 8, 12, and 13 galactosyl glucomanno-oligosaccharides. B. longum propagated 10.83-fold, 12.50-fold, 10.25-
fold, and 9.25-fold more effectively by the treatment of D.P. 7, 8, 12, and 13 galactosyl glucomanno-oligosaccha-
rides, respectively, compared to those of standard MRS medium. Especially, all four sorts of galactosyl glucomanno-
oligosaccharides were more effective in promoting the growth of B. longum than B. animalis, B. bifidum, B. breve,

and B. infantis.

Keywords: galactosyl glucomanno-oligosaccharides, Xylogone sphaerospora, B-mannanase, Bifidobacterium spp.

M g

718 mA =] wjdTso] FFEI FHEEY] AN
3ol whet A mAE #F] A ol WA=
S vl Gl tal shy B A7) A2k
o FHZo XM= NEH F-842 Bifidobacteriumes =
o] Aol FAA718 = 8o JFH SR o] FofA] gk
=, olelgt Wi el A8k = Bifidobacterium®] 7+
&5 716t Bifidobacterium®) S8 AFS0] =

o]

°]

*Corresponding author: Gwi-Gun Park, Department of Food Science &
Biotechnology, Gachon University, Seongnam 461-701, Korea

Tel: +82-31-750-5383; Fax: +82-31-750-5383

E-mail: ggpark@gachon.ac.kr

Received March 28, 2013; revised May 9, 2013; accepted May 13,2013

165

9|50z 271847 ¥ ch(Laroia & Martin, 1990). 2L}
Bifidobacterium- k40l 53] Q1781 2bAd ol o) o]
St AFEY] oA 2 a7t A FASAL &
2] Aol BEet= Aol golatA] ot 2 Fadol o
3l o] Fo] FHAt. Wk Bifidobacterium S A

= 7 o)Q)ol Aol AR U= Bifidobacterium®)
s FANTIE IS AFlske BEFeRE B =¥
71 A3 AT}, 2719 Bifidobacterium 737357 QA Z =

EAel 9ol A E7AE N-acethylglucosamine} lactulose —L
22 o3 gl d 2 pantotheine®] HILE L THMisra &
Kulia, 1991). ‘d43}4d 22|13
galacto-oligosaccharide, malto-oligosaccharide % inulo-
oligosaccharide 5ol thallA] B2 AF77F o] FAA AL 9
© ™ (Hidaka et al., 1991), <

2! fructo-oiligosaccharide,

AP dasdo R Ea)
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FA] 3 ) Zel EASF= Bifidobacterium3} 732 -+
o 2]3| acetate, propionate®} 732 volatile fatty acid(VFA)
Z AR A2 7F A 12, Bifidobaterium %2
AR Zhgahe v R EY] S5 JAIFTHRyu
et al,, 1998; Colombel et al., 1987; Fuller, 1992). o} A]
o= Bifidobacterium®] $-MSHA| T o]5-717} =™ Bacteroides
5 #7145t °] EdsNA Bifidobacteriums s 7}Fstal ©]
AU Al A9 ¥t glok. 2y =drlel=
Fet Aol AlM = =38] A2 falldo] BolbAdA fsl=
& A Hlo] =sldd-S doFin. a2 fox
o, Zg FTE Mgt

A+ oM = Bifidobacterium®] 5521820l a3-&
Hol= gum 2 galactosyl manno-oligosaccharide} konjac
2 glucosyl manno-oligosaccharide®] A AYSEA
(Lee & Park, 2008a) B & Zoll= Trichoderma harziamm 2
A B-mannanase®ll 2|8t Picea abies galactosyl glucomannan
7hEel Zelargel ek duliAlt 24 A5 Basiitt
(Lee et al, 2013). Galactomannan®]} glucomannan 2 2] =
% 2T I1FH Y galactosyl glucomannan 2] ZF3
= 28|3239] Bifidobacterium spp.oll ek AJ-EAdo] =7
Uehte A7 g@RlEoe] & AFolX = Xylogone

sphaerospora +2 P-mannanase®] A E £33 Picea

ofi iy AL o Ipy
O\l

e N e

abies 2 galactosyl glucomannan 7}FE-s| &S Ha], A
3|4738lal, TLC, FACEY 2 TimellHol oj&l] ¥2]€ 37l
B & THEE AA S, Bifidobacterium 4:(B. longum,
B. bifidum, B. amimalis, B. breve, B. infantis, B. adolescentis,
B. auglutum.)?| tHet Ao AEEHE 7S B
d T g &4 Blasks F8 RXE o
R

ol

T X
7|1& MY
Galactosyl glucomannan A5 93] Stlbrand et al.(2002)
o] vilof upe} F 2ol HrE AW (Lee et al., 2013)2.2

ayslglch,

Xylogone sphaerospora R2ll B-mannanase2| At
Xylogone sphaerospora KCCM 604782 3t=t-35o 3 3] o]
A FYste] Ao ARSI O Lee & Park(2008b)2]
ol weh &R AAEIA] 100 mLell HEske] 33°C,
150 rpm, 72 A|Z+ ¥l F3te] 4°C, 11,000 rpm, 15 & A&
2] (Beckman, rotor 14) §- 45NE G40 0 2 ARG5S T

B-Mannanase?2| &4 =8
a4 &4 =4 & Dinitrosalicylic acid(Sigma Chemical

Co., USA)E AFL3l% 3 B-mannanase®] AY4FE-S DNS

o A A Miller, 1959)0] eJte] sl om H
¥ WY (Lee et al, 2013)0.2 S48}

™

stelete] Met
DNS 39 A = Miller, 1959)0l o)ate] =a)ataitt.
= mannoseE 73t 7HEESIE 0.1 mLe} DNS A]¢F

1.0mLE E31 |

foi3

Or_?h

B =5EE st WA § 3
Aste] 570 nmel X F3=E S48t ° p.

A, BEFA
],

mannoseE 0.1-1.0 mg/mLE AH8-3F3A T}

S48 2 SDS M7 |HSH

Lee & Park(2008b)2] ®wol wel Sephadex G-1002
02M Mcllvaine buffer solution(pH 6.0)°2.Z A2 U
column(2.5x42 cm)oll FXAIAHA 02M Mcllvaine buffer
solution(pH 6.0)2= H& S FA|AZ T o7]dl FAg =
825 §EAA fraction collectorol] Fo}7l &-&o- o thull
A S 2o BEES FHS HEA o] P =4 v
& fraction® 2] B4310] /19 FOR AT A &
ol o2 ALESISIT

SDS-A719E2 AAEAE 92 1N & EAFS
10 kDa molecular weight marker(Life Technologies LTD.,
USA)E ©o]&3le] ZAA3I93, Laemmli(1970)2] ® ol <]
3l denaturing(SDS) discoutinuous gel electrophoresisE ~3)
At =, 30% acrylamide/0.8% bisacrylamide 6.00 mL<}
4xTris-C1/ SDS(pH 8.8) 3.75 mL, H,0 525 mLE &3 3}o]
SEZF 27159 10% APS 0.05mL9t TEMED 0.01 mLE
7kt & Pasteur pippetes AMHE-3}d separating gelE A
239t} 30% acrylamide /0.8% bisacrylamide 0.65 mL<}
4xTris-C1/ SDS(pH 6.8) 1.25 mL, H,0 3.05 mLE &3}
5%7F &718te] 10% APS 0.025mL9 TEMED 0.005 mL
£ #7Ksl A& well combE AX|3IAL stacking gelE A
Z3I3th 458 9302 Buffer(1 L SF5 15.1 g9
Trise} 72 g9] glycine, 5 g2l SDSE -H)E AHESIITE
B2 200V AHfelA sttt A7195d4E F staining
solution(I L 574l Coomassiee brilliant blue R-250 0.05
mL, methanol 50 mL, acetic acid 10 mL, H,0 40 mLE &
)l FMLe 3k ¥, destaining solution(1 L Z7 =0l
methanol 5mL, acetic acid 7mL, H,0 88 mLE 3H-f)ollAl
A 5 gels TEAZT

2ol M7| 23S (Fluorophore Assisted Carbohydrate
Electrophoresis, FACE)

ANTS®l| §-=3}8F go] 71954 A== gel 30-
40%<] polyacrylamide gel& AF8-3}% th(Laemmli, 1970;
Jackson, 1996; Shimokawa et al., 1997). <, acrylamide
A(acrylamide 53.33%<} Bis 1.41% %) 5.6 mL$} Buffer
A(1.5M Tris-HCI buffer, pH 8.8) 1.8 mLE &3slo] 5%
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7k &7]8}, acrylamide B(acrylamide 26.6%$} Bis 0.89%
§H%) 2.8 mL9} Buffer A 1.8 mLE E33te] €7)3ty 7t
7} 10% APS 18 ul9t TEMED 6 pLE 3713+ 3 Pasteur
pipetteS AF83Fo] separating gelS A ZdHATh o2
acrylamide A 0.75mL$} Buffer B(025M Tris-HCl buffer,
pH 6.8) 375 mLe} SF 3.0mLE E5ale] 587 &7)8)
ath 9371l 10% APS 20 pl$t TEMED 7.5 L= 3 7}stked]
A& well combE A8} stacking gelE A|Z3A k. A
71958 S 8d o2 Buffer C(1L 759 303 g Tris
9} 144 g glycineS $H1)S 10 ¥ 3]493F A4S A3l
719952 stacking gel> 100V, separating gel> 400 V<]
AstolA gttt 7195 &5 §, 365 nme] A3 A;
o dstell A AS HFsHA

Galactosyl glucomannan 7 F==2siE22| 22| 2! thin layer
chromatography(TLC)

221l EZ o= carbon activated powder(Wako.
Co. Japan)E AF&3FA T Bifidobacterium®] A S-¥jA] 2
MRS broth(Difco, USAYE AH&-3}91on 7|EfA|oke 24
& EFAIFS ARSI TE Xylogone sphaerospora B4
90 mL(10 units)°l] thall 7128 10 mLES 55°C, 24 A7+ 7}
FEF St TLCE patterns FHEIF & activated carbon
column chromatography S ©]-&-2ll &S 2] 8T Activated
carbon powder& 100°ColAl 1A]7F 7838 & column
(@x90 cm)ll FHINT|LL, SHTE olEs8t] 24 A7 T
BFYs} A2 F FEAS FAFIL, 250mLh 522 tube
T 50mLA ethanol 0-30%<] linear gradientd}™] B &
Sk

TLC:= McCleary(1982)2] ol wel g 42712
H Bag W (Lee et al, 2013)3 L8 k] Th

Timell &0 & SEi= 28

Total reducing sugar(TRS)<- direct reducing sugar(DRS)2. 2
WHE 388 7158l E galactosyl glucomanno-oligosacchrides®]
ez 2480 (Timell et al, 1956) 2ol Bd
W (Lee et al., 2013)2F 5L 3HAl =333} c).

gt 7125l 22| 12ke| Bifidobacterium spp.Oil CH
FUEETX

Bifidobacterium?; d5(B. animalis ATCC 25527, B.
bifidum ATCC 15696, B. breve ATCC 15701, B. longum
ATCC 29521, B. infantis ATCC 15697, B. adolescentis
KCCM 11206, B. auglutum KCTC 3353)0l et &=
de S45h7] 21 MRSHIA AN S e Tl
2e]Z2AE ST galactosyl glucomanno-oligosaccharidesE
38l 2E $FA1Z F DNSHMiller, 1959y ©]-8-314
dextrose®} 5T FAFFo R M F 121°C, 1587
H 3 modified MRS HIX| & ZA|5l, 27| 10722
s|Aete] {714 278t A 37°C, 48 A17F W st &
colony*Z H| W3} (Deya et al., 1982), ¥U3 Ao
A wjgFste] 590 nmoll A FFEE FAHst FTATE
H] 2.3} tH(Toba, 1985).

ol 0.|>|

s

ot nE

Sephadex G-100 chromatographydi| 2|8t HA| & ==
20%(NH,),SO, 5 W7 dellx] il A ste] 4°CollA]
24 N ZF FF WREE & dalitElet] & AEds T4
Yh(cellulose tubing, 16 mmx30cm, Sigma Chemical Co.)|
Aelete] 4°ColA 12 A)ZF T4 8F 34295 Sephadex G-100
chromatography(2.5x42 cm)ell 2] 3le] 20 mL/he] #52
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Fig. 1. Chromatography of the [-mannanase from Xylogone sphaerospora by Sephadex G-100 column (A) and analysis of the
purified enzyme by SDS-PAGE (B). A, Marker; B, purified B-mannanase.
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2 tubed SmlA &3P oH FAE Ay A4 9
No. 25-30014 &/3&g o] YesthFig. 1-A). FA|a24=
SDS-PAGE®!| 93] TUM =5 JeR) A 2 H(Fig. 1-B), -
mannanase®] A 42kDal® F4 F %t} Sephadex
G-1000 2J3 BAE S T harzianum -2 B-mannanase®]
73 v]&Ad o] 844 units/mg, AAI-E-0] 5627 Wll, FEEC]
73.39%Z(Park, 2007) X sphaerospora 2] B-mannanase]
AApl &S 25 =, FEES 25 B2 AR UER
o™ DEAE sephadex ion exchange chromatography®l] 2]
& AAE 3+ Bacillus sp. £-2 B-mannanase] 73-¢- B &4
o] 21.57 units/mg, FAulE-0] 9533 vll, F5E°] 66.58%=
(Choi & Park, 2004b) X. sphaerospora 2] P-mannanase
o] ZAlE-°] Bacillus sp. T2 P-mannanase® t} w& Wk
H F5E2 52 A& Yetsth Bacillus sp. e B-
mannanase2] “3-% 389kDa¢|™(Choi & Park, 2004a),
Trichoderma harzianum-2 52.5 kDa(Park, 2007), Trichoderma
reeseiv 53 kDa(Matti et al., 1993), Thermotoga neapolitana
5068(Park et al, 1998) 65kDa, Aspergillus aculeatus=
45kDao 2 v E f2ol wel B-mannanase®] Ao
oA vErsT

Picea abies 72l galactosyl glucomannan 7 |-==23l 2
g|lugel 22| ¥ SEie 2%

Xylogone sphaerospora 8] &9 90 mLll tha] 10 mL
Picea abies ) galactosyl glucomannans 24 A|7¢ 715
3|3l FACEZ patterne 7 ESH $ activated carbon column
chromatography= ©]-8-3l] 250 mL/h §422 tubed 50 mL
2 ehanol 0-30% linear gradient &2 TS +2]3% o}
Activated carbon column chromatographyol] <]3F F-8-of
0.2 mL%} 5% phenol 02mLE 7Fste] &% ¥ conc. H,SO,
ImLE 7hste] &3 5 2087 W28t 570 nm= 53
5 348 ¥ peakE YERH= 7t fractionS FACEE

pattenS HEI F FFEHIZ 4FFO  galactosyl
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Fig. 2. Separation of galactosyl glucomannan hydrolysates by

Xylogone sphaerospora [(-mannanase using activated carbon
column chromatography.
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A) (B)

Fig. 3. TLC (A) and FACE (B) of galactosyl glucomannan
hydrolysates by Xylogone sphaerospora -mannanase. A, Authentic
mannose, mannobiose, mannotriose and mannotetraose from top to
bottom; H, galactosyl glucomannan hydrolysates.

glucomanno oligosaccharidesS 2] 353} thFig. 2). TLC
of oJgt 7FriEal patterns AES A% U] T/ FHEE
¥ galactosyl glucomanno-oligosaccharides® 7123l € #
S geld 4= 0o FACES &l £ =" galactosyl
glucomanno-oligosaccharides”t 2] € A& AT F 3l
At FHE F FHEE RIS f8t TLC(Fig. 3-A)
4 FACE(Fig. 3-B)E ol&3st] FE|EE 1T & AAS
o, ST AAS 28] Timell et al.(1956)2] weol <3|
A A3} Fig. 2004 Z+z} F2]¥ fraction No. 40 715~
s 28] Fe] TRSE 15.56, DRSE 2.139, TRS/DRSE
72742 YEREO ™ fraction No. 46 7FriEs] 22199
TRS+ 17.89, DRSE 2.113, TRS/DRS+ 8.467% L E}W
t}. Fraction No. 70 7FF&3ll &89 ¢ TRST 26.97,
DRSE 2.168, TRS/DRSE 12.4402.2 YEES ™ fraction
No. 76 7Fri3l] 22313 TRSE 2831, DRS= 2.124,
TRS/DRSE 13.3292 et} ©]9 fraction No. 40 71+
B 22ge FY% 7, fraction No. 46 7Hria] 27
I 3= 8, fraction No. 70 7FFE3] 22
B2
o

f A

A
= 12, fraction No. 76 7F&3] 22232 THE 13
2 A
TEHFE 98] 2 AF4HNAN Fre e 7|d 504

o] +8E Penicillum purpurogenum ] 34| B-mannanase
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(A) (B)
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Fig. 4. FACE of galactosyl glucomannan hydrolysates by the
sequential action of Penicillium purpurogenum enzymes. A,
Authentic mannose, mannobiose, mannotriose, and mannotetraose from
bottom to top; DP7, D.P7 galactosyl glucomanno oligosaccharide;
DP8, D.P8 galactosyl glucomanno-oligosaccharide; DP12, D.P12
galactosyl glucomanno-oligosaccharide; DP13, D.P13 galactosyl
glucomanno-oligosaccharide; M, Patterns of hydrolysates by the
treatment of Penicillium purpurogenum B-mannanase; G, Patterns of
hydrolysates by the treatment of Penicillium purpurogenum o-
galactosidase.

o} a-galactosidaseS ©]-8-3F enzymatic sequential action®l] |3l
FTHE 72 23 € 0.1 mLoY| Penicillium purpurogenum
2] A B-mannanase 4% 0.9 mL(20.5 units/mg)E 55°C,
12A]17F 7FE-3 8t & mannose, hetero type?] SH%= 69
Fog 7R E R oH, A vkl 0.1 mLoll Penicillium
purpurogenum 2 A o-galactosidase & A 0.9 mL
(112 units/mg) S FL3E ZHdA 7leEae 23
mannose, galactose, hetero type2] T3= 59 Fo] Yeht
= o= s thFig 4-A). £8= 8 12, 13 28
G ARE A7 FEE 73 sLdT Ay 2o
Penicillium purpurogenum 2] A B-mannanase®} o-
galactosidase®] sequential action®l] &3+ 7}83)| patterne
FACEHO 2 213t A3 TP 82 A B-mannanase

2] Al mannose, hetero type?] S = 79 T3 HA a-

Table 1. Determination of D.P value by the Timell's method.

Fraction No. D.P value

Fraction No. 40 of galactosyl 7
glucomanno-oligosaccharides hydrolysates

Fraction No. 46 of galactosyl 8
glucomanno-oligosaccharides hydrolysates

F raction.No. 70 of galactosyl 12
glucomanno-oligosaccharides hydrolysates

Fraction No. 76 of galactosyl 13

glucomanno-oligosaccharides hydrolysates

==

galactosidase *]2] Al mannose, galactose, hetero type®] =%
= 69 FOE(Fig 4-B), ¥ %= 12 XA B-mannanase
2] Al mannose, hetero type®] T H% 5, hetero type®] %
d= 69 T3 A o-galactosidase 312 A] mannose,
galactose, hetero type2] S3= 4, hetero type2] = 59
FO Z(Fig. 4-C), L% 132 A A B-mannanase 2] A]
mannose, mannobiose, hetero type®] &%= 59| Fa A
o-galactosidase 12| A] mannose, mannobiose, galactose,
hetero type®] ST 49 FOF 7HEE H = pattern(Fig.
4-Dyg AlAFSFATH

71 B0l o] FHE Penicillum purpurogenum 32 73 A
B-mannanase®} a-galactosidaseE ©]-8-3F enzymatic sequential
action el €84 = mannose®} mannoseAle]ol| switching
skl A= glucose®] A fFFE E7Fsst] dA)
Penicillium purpurogenum 22 @49 7|dEo] 3} A
5-163  P-mannanase®} a-

ol gt Aspergillus  niger

=

galactosidaseE “J A3 enzymatic sequential action®l <]t
TS Basla glow, Fek pxA FHL S8
Methylation (Ciucanu & Kerk, 1984)5 T4 o|Fo =2

(<3}
P

-

ST Y galactosyl glucomannan 7 =23l 22| 02|
Bifidobacterium spp.Oll CHEH Al=EH

Bifidobacterium?; d-5(B. longum, B. bifidum, B. infantis,
B. animalis, B. breve, B. adolessentis, B. auglutum)®l ot
AEERE4E 43171 218 MRS mediumol| A €S
dextrose THAlo] ZA|E DP. 7, 8, 12, and 13 galactosyl
glucomanno-oligosaccharides2 %715t & H I L 5)o]
4% A3 gl H7FEA 942 MRS brothell B3]
A& F3 &4 BAY B. longumol| A= DP. 7 galactosyl
glucomanno-oligosaccharide s A o= At 25 £+
MRSH|A] 2} Bl w3t 10.8 ¥, D.P. 894 12.5 8], D.P. 12
oA 102 8, D.P. 13614 9.2} AJuiE4S vep o
7P e ASEES YERNIeT, B bifidum®] 735
A= DP. 794 3.08), DP. 894 338l DP. 12914
3.7 4, D.P. 13914 5.7 v o] 275 YERH A TH Table 2).

B Ao A= hemicelluloseAlE 22119 €4 2 &
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Table 2. Summary of growth activity of Bifidobacterium spp. by D.P. 7, 8, 12 and 13 galactosyl glucomannooligosaccharides.

Bifdobactert D.P. 7 8 12
i Osglit o Medi CFUmL ~Relative = cpyy  Relative oy, Relative oy, Relative
edium activity(%) activity(%) activity(%) activity(%)

B animalis Standard MRS 4x107 100 4x107 100 4x107 100 4x107 100
MRS +D.Ps 6x107 150 4x107 100 8x107 200 1.3x108 325

B. bifidum Standard MRS 3><IOZ 100 3><10; 100 3><1078 100 3><1078 100
MRS +D.Ps 9%10 300 1x10 333 1.1x10 367 1.7x10 567

B breve Standard MRS 2.1><10: 100 2.1><IOZ 100 2.1><102 100 Z.IXIOZ 100
MRS +D.Ps 4.8x10 229 5.3x10 252 7.4x10 352 5.8x10 276

B. infantis Standard MRS 1.3><102 100 1.3><102 100 1.3><10§ 100 1.3><10: 100
MRS +D.Ps 1.4x10 108 1.6x10 123 1.2x10 92 1.6x10 123

B. longum Standard MRS 1.2><102 100 1.2><lOZ 100 l.2><1089 100 1.2><1089 100
MRS +D.Ps 1.3x10 1083 1.5x10 1250 1.23x10 1025 1.11x10 925

B adolessentis Standard MRS 3x107 100 3x107 100 3x107 100 3x10’ 100
MRS +D.Ps 9x10’ 300 8x10’ 267 1.1x108 367 1x108 333

B. auglutum Standard MRS 7><1078 100 7x 1078 100 7><1078 100 7><10; 100
MRS +D.Ps 1.4x10 200 1.7x10 243 3.1x10 443 4x10 571

29 iAo 28 #7te] 25+ MRSEIA| 2] A|Este} A E Ao ® Yehgt oy glucosyl manno-oligosaccharides®]

8o} galatomannani} glucomannan 7hEsl &2laldel of  Aele THEE Z {4 AolE HolA wgew

St e ATE T3 U= v, Xylogone sphaerosporatt
# “g#| B-mannanase°l]l 2|3t konjac glucomannan 73l
22T Ae SAYE dextrose tlAle] H2] ZA|H
D.P. 39} 4 glucomanno-oligosaccharidesS 7} & =
A3 g|ago] HI7EEA] 252 MRS brotholl HE FE
g ASE3 &45 Btk 53] B longumol A= D.P. 4
glucomanno- oligosaccharides ©tA¥Y o= Ak 749
& MRSH|A| 9} Hlazste] 3949, DP. 35 A2
A= 2.7wje] Ao &S YEhlo] 3 ASE
YEPAA O™, B breve2] 739X D.P. 4014 247 )
D.P. 304 2.08 H]¢] &S YERfNer o] fdx

bifidum®| A= D.P. 49] 75 2.8 vie] FEdS
ERN ST, Bifidobacterium Td-F E5O s FH=
o] SE|ago] FHE 39| SRt A =A
o= Aoz YERIT). Bacillus sp. w2 %A B-Mannanase

F

o2
o

hya
ar
[e]
3
o
=

ox o

B.
it

4
71

o o3t 7lRs] 223292 A9 konjac glucomannan”
1ol 8]3-S o|8-3kd Bifidobacterium spp.oll tE A&

Az thek Azk= 23 (Choi, 2004b) 3t oL 53] B
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