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< SUMMARY >

| FEWS \ D-02

O Separation of Organic Functional Materials from Organic Cheese

by—products

O Development of functional materials using by—products

Purpose&

Contents O Functional evaluation of organic functional materials
O Safety evaluation of organic functional materials
O Commercialization of organic functional materials
O Separation of Organic Functional Materials from Organic Cheese
by—products: complete
® Development of lactose and whey protein separation and purification
technology, standardization and specification of raw materials
O Development of functional materials using by—products: complete
m Developed organic galactooligosaccharides (50%, 60%) and lactulose (30%,
40%)
m Development of organic galactooligosaccharide for Chinese standard
m Development of protein hydrolysates and evaluation of improvement
preference

| O Functional evaluation of organic functional materials: complete
Results

m Confirming the effects of lactic acid bacteria growth and constipation

improvement

m Confirm growth promotion of whey protein hydrolysates

» Confirming lactic acid bacterial proliferation of organic powdered milk
O Safety evaluation of organic functional materials: complete

m Specification and toxicity evaluation of organic milk powder application

materials
O Commercialization of organic functional materials: complete
m Production of organic milk powder and milk powder production

m Obtained certification (Certified organic food, Halal certification, China

organic food certification)

m Export of Organic Galactooligosaccharide to overseas




m Developed infrastructure technology to secure international competitiveness

of high—-value-added materials and dairy products targeting infants and

toddlers
Expected

Contribution | m Securing corporate competitiveness by expanding domestic and overseas

sales based on developed technology

: . - growth
galactooligosacc| whey protein organic infant ) )
Keywords i lactulose stimulating
haride, hydrolysate formula .
activity,
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F7lsA2RAERREH {7l 95 &Y
7h 71 AZRAEERE 53 ©@dll(whey protein) #2] 7|&/fd
(1) A& FAig 5 WAst= /4 gaidol Ao
F4(Whey)= A= A Y F dofx]= FAEZA AR(SFs5E ADE Al
QIR Uzl 84 BEE TAHCRE oW, 2 AZRE TE= FHAQIS AlLst
R FEARRE, +3EHd, ndE 5)& dRole FAMEEA 9, et
HOo7g Fo|l WrtE glon (AL I o2} go] 2l ERE Uro] o
F 1 Sweet whey®} Acid whey®] Aty Babay JRZA
Sweet whey Acid whey
TR
ol A} Hul B} ol A) B} B o}
-1 O 1 = 1 = 1 O 1T = 1 =
TS 6.35 96.5 96.3 6.5 96.0 95.4
Protein
(N=6.38) 0.80 13.1 13.0 0.75 12.5 11.7
Lactose 4.85 75.0 69.4 5.0 67.4 63.2
Fat 0.50 0.8 1.0 0.04 0.6 0.48
Minerals 0.50 7.3 8.3 0.80 11.8 10.6
Lactic acid 0.05 0.2 - 0.40 4.2 -
Sweet whey= 2|2 A|ZA| rennets 715t -F2RE FHAQlT} 2dto] S31EQ]
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diAdo] A Feche Ve F Jd Ad T Sl Tled B4 2719 9
F gt Ba] 7]&o|H(Ultra filtration system, Nano filteration system) =2 A|oF
| 2

gtefofyt Ve dd Role § 54 dEe w5cked

Microaorganisms

o w Suspended Particles

u O @) Carbohydrates
o ©C o e g
O

o o o Proteins
A
W
CQ: C ) CCC(CC c.':c.Water

gegduts Ao TRASEGES AEstel AEANA A5 FHel A
sfol ARIst] ATR 1S MFOR G705 fARMARokES Adstut of

.

|

My kol

38 ofd

(D 715 e 7HeEs] das AT
(7D Endo ¥ Exo type protease
WaggozRy e AznggeRy 2oy gAvug
Ao 54 Aush] 95 B40] T2 2744 typee] a4
Endo type¥t Exo type®] &4= G4F Eolot= 54| tEd], Endo typed &

£ o digfon Eagtty ¥@iA 9, Exo typed] it v
TeE S ARt g gl

HOOC HOOC HOOHC HOOC HOOC
O (o] O (& ]
a Endolytic b Exolytic
wo- -0l > oo on e e e et ol

o~ o »oH (jd?‘ Fyon

& OO < = Do,

13 46 Endo ¥ Exo type protease Z-& 7]A
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Endo typed} Exo type®] 49 % @ 7j42e) 240 gt sj5Eee] 54

[e]
o] FepAA =Hw 2 A=
Exo 8§49 $A=2 A3S Sdst4t.

a4 25S A'¥sto] Endo —

Endo type £4 &2l

A~

Endo type protease 3% 3 Exo type protease

. Exo type 54 = 2]

VRS a4 Type Protease Name

Origin

A==k

Alcalase

Neutrase 2.4L
Endo Type protease

Protamax

Foodpro

Bacillus licheniformis

Bacillus

amyloliquefaciens

Bacillus licheniformis

Bacillus licheniformis

Alcaline protease

Novo Nordisk

Novo Nordisk

Novo Nordisk

Dupont

Flavourzyme
Exo Type protease
Prozyme 2000P

Aspergillus oryzae

Aspergillus oryzae

Novo Nordisk

Dupont

F37, 4EAtE 3

G40 HEe AEATC] AE & U BAEE 4
5 Ffel DAl Arstgon], R FFol AP
Batgch

|

A AFOR A

2
EN

1279l 549l & ord
o0 A
o= T

G752 2 RAE R R E BeE AW (whey protein)2 50C HXE2] AHA S
A z5tE A, 80~85C7HA] &-L6tAA NaOHE o]
g3to] pHB.1~8.5 =& F 50~55C mAHN-S APt

10%(w/v) x5 =9 slurrys
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m 12 54 9RSAAHH(Endo type 84)
WA 12} 84 782 21t A9 Endo type EAE A4st7] 98l Endo type
o7 4R JMEEH a4 4% (Alcalase, Neutrase, Protamex, Foodpro Alcaline
protease)= ©]-85to] WHE AlZte] wE pH W3S S5, - 2-84(10%)
= AxF o3 84E 718U 2%w/v)E FYct, §EERE 50~55ToA
BAIZF &<t Wt p

olo
=
2 b

rgewet Azke] AL a0l HH B AL Tejste] Agsiant,

FAVAAER WS WL AT D3t 9] Bh BE FEHOE WA
o] Aol wet pHZ ol Z1& Hlsklct

ol @ES] Eofo WE ofullcite] o) pHIF WobxE Zlo=m wawm uh
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A pH7F 7bF w2 L5 gojx]: g F
= AR7HA pHZE fAEE 2E Eelskgit

Endo type protease HHSA|7HE pH B3}

g -
85 7 s 4] 03252
8 | s Neutrase 241
TE * Protamax
pH 7 s Foodpro Alcsline protesse
6.5
B
3:5 1 T T T

Ohr  1hr Zhr dhr Bh gh
hr

13 49 Endo type protease HFEA|7HE pH #S}

Endo type ©]%o & Exo type2] &4 ¥h3-2 98 pHI/ EHE A
o BAFYe] Fajt ador 2hgshy] wiie], WME A of d%

FAlot= AoR 2RlH alcalaseE Endo type A3 HAR HAHst e
type B4 Whg-2 o] 8t 12 mAantgol A WhSAIZEE 4x7tow A7 stt.

n 2% FAUS AP (Exo type protease)

otA 443t Endo typeQ] Eﬁ\_cﬂ Alcalases ©]838}o] 50~55CoA 4A17F F<F
HESAIRD aaws] 13 e dde=® Exo type 84 A4S flt Ade 4
skt
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=li

o

2
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sto

=
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o
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7
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©
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2~
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system & O-8SFAN, ZhprroEol digh EAE EAS 919k gel- filtration A
g2 phenomenxAle] ©Hld Tl B Helolt BAQ Al vyarra
2000(3um, 300mm x 7.8mm) ZHE AHgskch

g

o]5AF2 100mM sodium phosphate pH6.8 ,pH6.0 & ©]&35}31 H&ES UV
280nm oA A4S WPt

A B0 49 Bovine Thyroglobin(670kDa), IgA(from human gamma
Globulin(300kDa), IgG(from human Gamma globulin, 150kDa),
Ovalbumin(44kDa), Myoglobulin(17ka), Uridine(0.244kDa) mixture <1 A&
(phenomenex Ah& ©]&3to] 42 AAISIA.

Tricine-PAGE gel oA =elet viep o] pAeiiieisize] 49 4%
10kDa golld 7P @2 ZleRsfgel o] glo]  HPLC Z¥e gel

filtration ZH-& Algslo] EAFTH

= Tricine-PAGE gel A3ZA7}

Trcine-PAGE gel2 EA(T3)3 Ay} ¥hgsir] 2 f3dy o
HRdEe BARF B 3.4kDa HE 100kDa 742 @A mA 9lo]
BAE 517] ojgo] glo] HPLCE &3t At sjglf o] g asict,

&

@S @ @ ®

FURE -
[ETY

Alcalase 14h+Flavozyme 10h
Alcalase 6h+ Flavourzyme 3h
Alcalse 3hr

oh (WPCTO)

MW marker

B AR

() (3) () () 69

719 51 Tricine-PAGE gel & 0|85t ¢zl BExjgr2 A Ay}
At

HPLC ZH 81 pH 6.0 ©]JS o
peak WHo| o} stRaEo] HATF 2
filtration column®] 7-¢- 81ie] pHol| we} wHldZo] A-ofA elution == AlXto]
dEizBg, B Ao AE pH6.0 oA pHE AA5] A5AIA BEFE2] Atltime) 7}
s} HE o] pHE 6.8 & 24s19e o 7eEsiEe] 4ee Ens A&

% gk

m HPLC & o|]g3st &

o
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]

® 10 o BEE
Standard B2k (KDa)
Bovine—Thyroglobin 670
TgA 350
IgG 150
Ovalbumin 44
Myoglobuli 17
Uridine 0.244
11 gujxo] g o] 85t HIAE 2H(HPLO)
= =7
A4 Yarra 2000(Bum, 7.8% 300 mm)
TEE 280 nm
Y &F 20 L
i 0.5 mL/min
1ZF(min.) [socratic (40min)
SEREEE
Suf 100mM Na-phosphate pH 6.0
17H(min.) Isocratic (40min)
ol s x4 2
S 100mM Na-phosphate pH 6.8
HPLC -&ue] pHE ZA4sto] BFE9 §EAS WS AZ1 Ayt pH6.0 oflA]
E BA=F 17kDa 9 8=A171} 0.244kDa 9] €=A12 2 7 20.383min <

23.530min®]Q3. pH6.8Y w] 17kDa 9} 0.244kDa ©] 8&A17Fe 242} 18.285min,

23.194min%! 235 SRlst3ict
BAstua; o= Bape] Bxl 17kDa 9} 0.244kDa Afolo] F2 B¥si glon
2, Askel 17kDa 9F 0.244kDa Afolo] Batekd slsBHa2o] BEe By ot T
& 1t 8EAIRE 749 Ac 7F 7 E o Sl S Rl Ay, 24 8E8
of pHi= 689 Pk WS SASIAT, HE BAgue] 2A02 Agels




Z 12 HPLC -&uf] pHefl wg =3

LEA7F =)

—

Retention Time(min) H| 1l
Bovine Myoglob
| =1 Thyroglo IgA IgG - Ovalbumi My(l)gk)b Uridine ulin(17k)
bin (350kDa) | (150kDa) i - (0.244kDa) ‘ 9}
(44kDa) (17kDa) Uridin(0.2
(670kDa) 44k) 7+A
pH 6.8 10.577 11.641 13.40 15.843 18.285 23.194 | 4.909min
pH 6.0 10.657 11.985 14.601 16.130 20.383 23.520 3.137min
7hrEolEe] 10kDa ofsh whldSof st ghejov}t HAE Fot TAvkrEeE
Holo] oigh 48 Myoglobulin(17k) 3 Uridine(0.244k) Afole] gl

cytochrome c(6.5k) & ol-&sto] Aokl FAFREo] sele +3sailth

Auto-Scaled Chromatogram

0L EM Na-phosphate pHG.S

o35 670 390 150 44 17 pr44g  kDa
- = e
= 2t wn h'a
020 P = =
o
3 =
a1 = it
2
1. 10
008
O
o608 5o 10 00 15,00 000 FLY 3000 LN 4000
s ains
Auto-Scaled Chromatogram
& 0. IM Na-phosphate pHED
.28 &0 3500 150 aa 17 o™  kDa
E
&
fra
o = =
.~
8
il
2 010 £ 7 s
= -
=
el e
a0
ol & C0 000 §5.00 o= e s L L=l el L] 40 O
LAntms
3% 52 HPLC &0 pH of w2 o 82 A7t
m 27} §4FFS(Exo type protease) A3 At
Flavourzyme¥}t Prozyme®] 27} &AE o]-&oto] 22 GAR-GAIZ] 7leEdl=E9]
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ZFS =43t A3t Flavourzyme ©| Prozyme 2000P Rt} 43 7h=Hs)] &
< el At Flavourzyme®] A% Alcalase® 7}5-86] oA & Selg:
B212F 670,000Da FE 17,000Da Ato]e] whHAESS fjry JioHs)] Al# Bz}
2F 17,000Da ©|5}e] 7I4-EeESo] thek MAE Aoz stolgdct,

Autu-—ﬁ-l:llld Chromatogram

oXx ML
)

= 510 asu 150 44 17 04| kha Protein Standand
3 +
=2 =
= - &
o b o 2
o | &
| E 2
(=R k. : —
i 1
LR
o
] |
.00 |
- — -  SHE — U
&no £50 10.00 18 00 F000 F8.00 3,00 1800 500
[ LIV EY
Auto-Scaled Chromatogram
o018
1 - After Alcalase,
kb == Flavourzyme 10hr
] P
0124 4
1 i
] ol
o1 = a8
| BnH 3
3 008 T5al AT i
] - # =
oo N
o0s g‘ |
] a2
o0e = m
(s ] ] 1
- ges & 85 g g
-~
| unig = o o
] bk Rl o
050
a0 .00 1000 1500 W0 2500 36,00 3800 40,00
Whnaases
E
- - After Alcalase,
L]
i 3 & & Prozyme 10hr
e Lo |
L )
oz ﬂ‘ﬂm -
R a
ain &
o8
L1 R o =
=) 28 P
£ -] 5: = (=] L
(X" = & g W 2
% P ! e P ]
2 = T o il
002 &4
| 2
= |
0.00
000 5.00 10.00 15.00 2000 2500 30.00 35.00 4000
MLnutes

1% 53 Exo Type G4 715Be] & /j5saze] 249 2
@ H7H N Wr(gRTe] A%

Scale up &4 % 4tdst S0l 285t Azdrt B @i TeEsiEe] At




sheshy] glaAE H4o) Wg 71 B A4she ol Fast, 2711
Z] ] S

& A SIske] ket 2ol

X9l 7Hd s AAstr] flote] flote] 50CRES] AA G0l 773 dud
10%(w/v), 20%(w/v), 30%(w/v) 9 TfE L7} EHEZ2 wHZ|E o]&35te] 200
~ 300rpmo 2 wHksl €HAs| gofd wizkx] 1A o4 wHF shgly, wHE 3 ]
2t 22F &4 HbE-E& FUSH AAlste] JheRdlEe] BAFES AAZ=ntE ]
£ o|gsto] Aottt

ftlo

=
WA 8eto /1A ol wet Seld AR steld Av 71 AR AN
E7} 10%9) 2 2 20%, 30% ©f FRelAi 94 wulazke] $io] WA
she Ze shalstar
of WM AASIO, 10% o4 718 SEAE TANES

S e AnE go=st £4 geg sk

479 ATE HEeR WS SJEAE 10% ool F1d i AdsiA %o
o, 10% 719 $ES e AHY ai veg A A% Ae SAst

AT,

10% 20% 30%

A HAYY M GLE olgdtel Bh AT A Sl 10%9] 71D 5
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TE UdoR 1% ah H7F §9] WolA A AAE 2719 849 HlEE 2y
Sto] ARle aystaitt

m Ay

- 34k B A4

Endo type protease?l Alcalase &A% %E 7|44 1% — 0.5%= X4 otil,
Exo Type protease®l Flavourzyme S4% =S 7|AdH] 1% — 0.2% = 35
I 714 55 10%, 9H2er 50C2 AAste] 12k FRAIZE 4A417F, 22 BHSA]
k2 10~ 2 AdAYste] 9ha-& 2135ttt

A Slurry

10% 718 =%
A=t
/|
Add Alcalase 029 = 50~55°C

(0.59%)

A

Add Flavourzyme
(0.29%)

10413k Hh-5-

O% 55 184 E B4 WU
m 94 BT A4 A
12}, 22F GRS flo 94 AAE Ao a4, AR JdEER vheE
Tgste] EAFS 54T A ZhEol9 patternyt HETF fARSITHE AAE W
wick
BAa FYo] A2 AEANA 7R FARH Yetstenz Jhgu|et A
AHA-S 18)5ke] Alcalase®} Flavourzymes Ztzt 71 AH] 0.5%, 0.2%= 12 AA
skt
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Auto-Sealed Chromatogram
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Icalase?} Flavourzyme 2] F<H]

& AaE
g Hlga7to] 7}
AdE &3 AdS ds

10% 49 71 ds=E o

97318 vigon 14 FUasd A

of ARl ST, FAT ARANAEE SIsct,

el

EREES R

Endo type proteaseQ] Alcalase 45 TE 7]Z4dH] 0.5% — 0.05%% =74 o,

Exo Type protease Q1 Flavourzyme §4-sTE 7|AHH] 0.2% — 0.05% = Z75I3
3 7E SEE 10%, SRR 50CE AAsto] 12F HRGAIRE 4A%E 22 BEEAIZRS
14zt s Aol wHeg st

Alcalase(0.5%) Flavourzyme(0.2%)
Alcalase &2 "Eli":lie fﬁ
oz yyee T dyas
| l
Alcalase(0.3%) Flavourzyme(0.15%)
| A% 54 S0 43
(alcalase, Flavourzyme)
Alealase(0.1% Flavorzyme(0.1%)
l ;
Alcalase(0.05%) Flavourzyme(0.05%)
a9 57 HAAas FAF 2AA
. 4 A9}
12} 7FpRel] G490 Alcalases 714HH] 0.5%, 0.1%, 0.05%, 0.02%% Fdste] 4A]
et 7eREs] A7 At 0.02%2] Alcalase & T4 AFE AlYstie 0.5%,
0.1%, 0.05% FUF BF FARE 7FeEsts2 Uer it
whepa] b ARt Alcalase G420] =5 0.5%01A 0.05% = &, ittt S5H
oA H-EE &Y 4 e AXaLEEE AGICH




I 13 @bl wAE A4 HPLC =4
T =2
A9 Yarra 2000 (3um, 7.8 300 mm)

280 nm

s
T & 20 pL
f& 0.5 mL/min
A1 g 100mM Na—phosphate pH 6.8 (Isocratic (40min))

o
-

a1z-;
- 3

i

PR
o dsa-y
=
oa=d
unnf—
o oo

protein Standard

|

| .'“L.- .-'”ur\___ —

0 T = A O

=1

0 {InCE W ]
o oo
LRI ] B
o oo
¥ o.oone
(VR S
. o]
o e

i

[

| alcalase 0.5% 2] = 4H A1}

& O
LR
o nomo—-
F 0 oe
D0

DO

| alcalase 0.1% X 2] = 4H A1}

|| | JIli
N l |r I| |I1
{ Vo

0 OG-

£ 0 T 2

D OorD—

0 DR

al

0 00|

n i

Ok CMCHT

Ty

o

o0

2000 Tzs0 T U000
Mlrwites

alcalase 0.02% X 2| = 4H H1}

T
20 DO 25 O 30 D0 X
RATILAOT

a9 58 17 AR EA SEE 4R EAd)
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R v rgr

OO0y

0 0D

DEER- S ESEL
. 2% AR AU

AEl H 12 7hpEolasel alcalase®] @4AE 7|AdH] 0.05% T4 ot
S, AAZEC Hhe A7), AW AT flavourzymeS EEQE 22 7RG a4

2| protamax, neutrase, alcalase, ficin, collupulin, pancreating 0.05% F%i5t]

14AVES Aol Aalste] Bakg Bae WAt
;::rn'm 3 4 i protes s
70 ke ‘
S—— I S 17 uDa t
- -"':I1D|:"1- ——— 1 044 el - paptide man
! | ! .554 uDa - paptite e
[ | |I 0.238 wDu peptsdy ==s
|
\ l]I
' | protein Standard
10% whey protein(8FS )
i
<
= o ' L] 1E a0 2000 25 00 30.00 3500 <0 O
Aruton
0.05% Alcalase X 2| = 4hr
- =
o ™5 i
500 0O 15 oD - g Wi . 3% 00 3300 35 00 4K DD

Fir e
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" 0.05% Alcalase(4hr)+ S g
"™ 0.05% Alcalase(14hr) 8
—
o
e
W
O.Da 5 00 10 620 ) 15 D= h:?::. 2500
80030 S
0.05% 53
:‘ Alcalase(4hr) +0.05% .
S Neutrrase(14hr) g =

. 0.05% Alcalase(4hr)+0.05% =

— Ficin(14hr) -
2 | il
Sl 5
o 0.05% A|CE|ESE(4hr)+0.05%§,E§
veee Flavourzyme(14hr) _ThE

i 2 aris E
(K=o e
O GO i
I]-i'.l'l Y 6 oy IIHLH 15 0D i"’l‘.'l.l'){l. Zr.00
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=
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g
o
-
=
L 2
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e
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=
=
.
-
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s
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zur

39

e
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o

- 35025

AL DO

LR E]

Ak O

A0 0D

40.00
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£ G Oo2o

i ]

44
,

'

0.05%

%
i

Alcalase(4hr)+0.05% 5
Papain(14hr)
n e oo = 1] \;"1 :;-I. 500 b iR ¥4 &3 3k
0.05% Alcalase(4hr) + -
~ 0.05% Protamex(14hr) ]
T 3 8
1% 59 27 A%Re| Gh A4 AT

= ggaEn

1AphsRe] 9 22t RaE ste] BAREAS St A HPLC AellAl A4
o Fhpre) Aeg e,

A% uslsEage] qe Bxw 2843

obq ARY o] kg Ao WheAR GAT J}rRHE BapeF E B

3o s @deadas H{352 pilot scalef]
Sartorius) & ©|-8o}o] B3-S AA5IAL.

]2 (UF  machine,

s 2
AARRSS o) fREe] 17,000da olstR sigRe) e AL SR,
{10kDa, <5kDa, <(2kDa & 4&F2| 2=l tiet AldS HdPstglon] G52l
el Beeg sl ¥ A 3ALS SYein
A2ALE Feolst FAd| UF AHES A2 & SF4F olgste] pH
rk A4 o] & wj 71| pre-washing= A A|5HS]
UF ZHEe] A== Az FAF/FdEEs HEHA 9 4=H(TMP
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Transfer membrane pressure)©| lbar ©]slollA 282 AL},

TMP 9] A4S (A2 EIA 4=HP) + Return GBP)]/22 AAtsto] 1 o]str}
HrE e " 959 2ASH, JHNE A2 & (o] 4L 1259 UF 7t
HEo] Z3lqt 2o tigt 7IHES Hd L/h/m2 e &2 & AE9] spec A2
A g ololrt HEE Bt ooy (UF)E AAI3Th

E 14 TMP(Transfer membrane pressure)Z7% HH

Standard A& gk
10 £/h : 1 m?=X ¢/h : 0.1 m? )
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Ultra filtration(3kDa)
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(LT I 42 @ 13 43 4% N E3 §D LE DI b
Wi
a9 79 7% FEFEAEAT & 71E 79, () f71 7%
7 &F AF B4 23} 7|E 92 Lactose 100% 2 FAEo] Ao, 77]
T G99 AL Lactose 96.2%°] Glucose 2.1%, SG=2HE GojE Aoz FAHEE=
oz W2 1.7%7F Y= Ae= SRI= ]I
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A A, ATEIAE, 8ok HAE Aiel HEo] & {2 extrapure(Purity
] 71 3o obgel 4HESYNTY] HdumA F

100%) 301 98-S Telsigle o),
28] Ye Aoz Wy

(W) B4 A4 U WeEA 5
i

& ddol A8d #71%E

< WAFAGF=RE AFHFL f7sA 22 H
H Ed fgolH, 84 H2He H|uE 9] Al® f3 (Lactose, extrafine grind
edible 5030, hilmar cheese company INC., USA)x Z3tsto] A5 4345t

m AEHEp

d

GOS A2 g4 AAS flal LacT, Maxilactg LX 5000, Maxilact LG 5000,
Maxilact LGi5000, Maxilact A4, Amano F 5& A|¢fla Hujito 2 BE LUstH
Agsigon, A8t Bage] 54 W HANgEAL et

E 24 [-Galactosidase Al d¥as 7Y @ a284d 54
Optimum condition
Enzyme Main activity Source .
pH Temp (C)
LacT B. circulans 6.0-6.5 55-60
Maxilact LX5000 K. lactis 6.8 40-50
Maxilact LG5000 K. lactis 6.8 40-50
B —galactosidase
Maxilact LGi5000 K. lactis 6.8 40-50
Maxilact A4 K. lactis 6.8 40-50
Amano F A. oryzae 4.5 45-55
¥ 25 A4S0 B4
K. lactis B. circulans A. oryzae
Commercial name Lactozym pure Biolactase Lactase F
Optimum
40-50 30-50 45-55
temperature
Optimum pH 6.8 5.5 4.5
Activity 1320U/mL 550U/mL 93U/mL
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Srrozyd FRELITIE WS A
22 500mLE FFstel 75C 28 At mutst
S o XF 45~50° brix7} 2 wj7bx] L3)gtet.

aAavke2 59 600-650gel 22} &
ol FAFEA (Refractometer) = A A

EL& 60C2 YZA7]12, 0.1IM HCl T+ 0.1M NaOHZ pHE 6.52 &
&, LacT G285 9 FY4F dH 0.08%w/wa [38d dFol 2

pre—activationAXl o HA| &Aoo FQIgir,

HPLC-RID (Refractive Index detector)

Column YMC Polyamine II
Mobile phase Acetonitrile 64%
Flow rate 1.0mL/min
Column Temperature 30C

Detector Temperature 45C

Pressure Less than 1500 psi
Injection volume 20 L

Aghe-gg vaet Avke ol mef Zom, ofo] Axte 39

arxeoos ded dHEEage] HPLC A=utEI#H2 ofefje] 137}

ZF

=
o A UEelT, Weg AWTAL g7l f-galactosidaseel] o8] Ml wE
9RE ZeEeeugon AMstgon EEXES o8 AFEAS Sd AL
ERE L
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18000
14000
12000
% 100! ‘
i Glc Lac |
8000~
! |
80,00 ;J: |
4000 | 3 1 |
| S o |
2000 pd
N . A 2 |
200 400 | 800 800 1000 1200 1400 1800 1800 2w 240
MinLtes
I% 80 f9ol EaAe & Hetd Z=EEEe|aid HPLC chromatogram
H 27 84 F% ¥ GOS Agg ) A A
gmon Lac T Maxilact Maxilact Ma.xilact Maxilact Diazyme
LX5000 LG5000 LGi5000 A4 Y50L
ardg U AA Sfe] Al o] Al o9 Al o9 Al sie] Al
SEEP SES T T 1 = S 1 £ S It R I =
qaanks 3 gx4d (%) 24417 Hhg)
Glc+Gal 27.0 40.0 53.0 45.0 20.0 25.0
Allolactose 20.0 25.0 22.0 25.0 15.0 20.0
Lactose 22.0 18.0 15.0 20.0 35.0 40.0
Galactosyllactose
27.0 16.0 10.0 9.0 20.0 14.0
(DP3)
Tetrasasccharides
4.0 1.0 0.0 1.0 10.0 1.0
(>DP4)
Total GOS 51.0 48.0 32.0 35.0 45.0 35.0
A RAS F lacT mAvt VY 4@ WS Uehjglon], tgoz
Maxilact LX5000, Maxilact A4 59 §4E9] Q519901 12} AdErE o]

= 3 245 AR E, Bk




2l & 84 FaAPE AlEe JHe) wef, offiwE wt
@Fste] AAstalen, 71d8s s 89S FHAT A (Refractometer) 2 A Y
Kol
=

grgolo] pHE ZF 3450 Xz 0.1M HCl = 0.1IM NaOHE o]-§5t
ait= AFE A 5000 Unit/mL 02 53 activity® 5]A6te] Hat

o
stal, Y FAF di¥l 0.1%w/w), 0.125%(w/w)e w3 &4 il Eo

N Eetede 7 #HA RE E 2ol 1443 2441 & aarkes A
[¢]

LacT LacT Maxdlact Maxilact Maxilact A4 Maxilact A4
0.1%) 0.125%) LX5000 LX5000
o e 0.1%) 0.125%) 0.1%) 0.125%)
Flesers
50.0 Bx 50.0 Bx 50.0 Bx 50.0 Bx 50.0 Bx 50.0 Bx
14hr 24hr 14hr 24hr 14hr 24hr 14hr 24hr 14hr  24hr  14hr 24hr
Glucose +
16.8 187 88 150 21.1 343 249 253 169 17.7 202 18.1
Galactose

Allolactose 233 197 19.6 17.8 233 192 280 29.7 237 217 248 253

Lactose 30.1 230 318 317 278 262 251 241 294 254 302 273

Total GLs 326 395 347 320 183 195 202 183 263 31.8 223 275

Tetrasacchar

] 3.3 4.1 5.2 35 0 0.8 1.8 2.6 3.7 35 2.5 1.8
ides(= DP4)

Total

o 53.1 583 595 533 511 39.5 500 50.6 537 570 49.6 54.6
GOS (%)

A& 122% 113% 90.6% 101% 111% 104%
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3 29 HPLC

HT
%
BN
N,

HPLC-RID (Refractive Index detector)

Column YMC Polyamine I
Mobile phase Acetonitrile 64%
Flow rate 1.0mL/min
Column Temperature 30C

Detector Temperature 45C

Pressure Less than 1500 psi
Injection volume 201

3712 &4 % 1) LacT 2) 0.1% £, 3) 24A7F dh-eA1ZS o Mgy Z2eS
ol gheFol 63.3%2 M w2 AIE UERLh

ZepEe Y AR

Galactosyallactose &=

B

A AHEZNY

7F 3(9) HPLC I Z2vutE 1=

(@p 50% S7)% ZATELF T AFYA

FAEAZEARREY Belgt 9L MUGAGREY 300kgS AT Wol @M
oIt AT 13 AQALS Sastdon, & AEEA v @ HPLC 2
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=utEIIR2 ofefjel gt

% 82 50% 75 ZEESIY Al g4t Axt
o Glucose STD 00 . Lactose STD
20000 _n.r‘zﬂ,ﬂlﬂleli?.’-ﬁ, 20000 y=001x+555.08
& R*=0.9996 = R? = 09993
2 i ~——
< 10000 E 10000 -
H £
& so00 * 5000
I] I] 3 i1 _-I = y i 0]
i} 1000000 2000000 3000000 o 1000000 2000000 3000000
' - N ' Area
Glucose STD Lactose STD
PPM (pug/mL) Area PPM (pug/mL) Area
5000 505850 5000 452802
10000 970855 10000 938979
20000 1984661 20000 1955788
I% 83 f7s ZHESHIY g4t gAY AT-HPLC AZRrIEIH 2 Ao o] g
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Sample Conc. Expected Conc. Contents
Sample Area
(pg/mL) (pg/mL) (%)
Lactose (%) 468960 5244.68 21.78
$71%
Glucose (%) ZHEZE IS 24080 540107 5416.82 22.50
Total GOS (%) 55.72
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NATURE'S

GOS

Hiol ™ A Gos
(RIl=s 2=E=2IDH)
AL = HEA

2015.07

Uiz 224i0F & PR

ICREMAR

PR AR - URAE

- YA HEE
1. M BaN
= ST ESE HORA008 (Wis dSiESsmar azsen o
gD
2. =EEE
1) wEER 37

FEE FEsi=s o2nTSRODIE SoARls SHos, dawy
WSFO-80C)E wEHEIN Sy cHf, TS SR S
BY3n P FEE ENS ML

+ FEEN s=t ao-sEx SHUS SCSSS Ssiarisd. B S
SERMS wEUIT MEER T Tole SES FUSE 0Es usol mow
UM S 40-400x THUS S0i2A o

RESEo ESofis 80-85T71 S8 WIS == wom ApEein
GEE=g gsc.

2) phi=m FF

FEE LH SMAD CHES EES pHTh o4 8085 TR SoiE
+ SR FRIATHNeOH) S BH(HCLHE AHE O oHE ZaEch

8) S4%3 3=

w2YIs FEERS 2o o) DU Soi2S8 xS HET o=,
I ddcieid S0 AEgeFuD R RoiDe.

HE=gLE SR DHE i 0a%iwd)E AR oF, w2%30l
ok AT DU GE0 24D HE wEeHIol SuUNK
Solul FREReR UMY OHEN =8Y¥3c Ry
=8 . sielo] sl BT W
BT USE =8I e ﬁ=r2— =7 M E S 207 o=
=of moAl SAE Eefaly CEel wiowao] Su e

BT A0 - AR

> 8a AEwd
T AFERO| SET Y. oS MBS ol ToE
©Im FEEN B WS4l G0—258x =AU Sioio} ey

&S0 0.2%U FF - 5,000k - 0.002 = 10k Bd
HASURO| 03%E FF - 5,000 - 0.003 = I8k S

4) Sewma B

A EEcl WaTel RAR AVS OE. AR As] ot UHcl Sof
Al oS, A4S w8k 30 Sutt oS S4=S S NDcp

SAwg Eoo] TmUTls 10S/A1ZF ¥ SES - =8 Duo| SEAAS
seemoy

o+ SAWE ALE 220-58AR30I0), Rawa BoA2E Doesaschs
TP M(HPLOIE AFESIO] WIS NAITIOl. WM SSIDE BE0l =t 50—
S5%(DENF e S4wgs Fsiach

fRAwE S wgRWAs UNESE 224 £4 4 S inectivetion) &
f=ots 0] ofdel, BrEE=@ 30—-30CE ‘Pl Bosrfo| oo
UMM W@ S TS

5) E/olmEE (== )
Sewgo] mosel 28 S0 SUSMES SHwo) US| ool olH W

ANSEE DS (RNIT)

Fas FRE=IF 7O-70T S=K USD SEieman u

==k

S=HH, o7 STES GEIUS(TSE FIS) G| 0.5
= mpEey

SEPUEI SUD S DwiS SHE4 30T Se mwmoy

BNETol Eue BLE0] SN UES mesSsaE SN0l FEG =
TESES M AT

TEE, MEEZHscE AEEE REAZ % SHOIRE A4S0 SRS
iDL

BURTEED - AT

(MEjoj== of WEAE AHESHD = 2 —> O TUES] @F. ok S

8) mE=a=
SETESTE [T GRS BETIC oSN s ESo SND B8
Algier

71 =EaE

BRI RO GRS AF MTYUIAE CiRSPivt BRSNS JT W
& =UEsi RUBCH (RS Ea s

a9 86 ¥ FHH RV ZHESYLFT-HolHL GOS ARG REEA
(Ah Bt 2EEZTAY FEH|Y HAE

d AAHer ZdHESEN
%Eﬂ’

5) 7 dgs= 4A 12 (Borculo Domo ingredients)o|™, £3] dH o] 7
AlEtol] oFstAl g5t

A7} i

et ZRESY Y 39S 9%
% HAE 52 54 st

ol 8 Ax=2 e

j

S Al oleal AUk

AHRESE Y

T F8 GAE ofe :eb gon, & AolA
st A 9 frls ZHEZE LTI A,

100 -

AEI} fHog FRSEo]
AHEAA 33 (Yakult Pharmaceutical industry, Nisshin Sugar manufacturing
39, 450 7}

o e




I 36 AAl ZHESIT T2 AxgA 22E

Product Oligosaccharide content Enzyme source Manufacturer
Oligomate 55 (Syrup) > 55% solids :
Oligomate 55P (Powder) > 55% A. oryzae and . thermophilus ‘lf;jku{} Fhiaimadedtealinglsty. Co
T0S-100 (Powder) > 95% ,(Japan)
Cup-Oligo H-70 (Syrup) 75% solids ) Nissin Sugar Manufacturing Co. Ltd,
Cup-Oligo P (Powder) 0% Cryplococcus autent] oo
Vivinal Gos (Syrup) 73% Bacils cheans E:;frfg’;‘g:fds Hoke (e e
Bimuno (powder and syrup) Bifidobacteriurm bifidum Clasado Ltd. (Milton Keynes, UK.
Purimune (powder) Bacilus clrculans gggucts it Inc. (I, USA)
>70% solids First Milk (Paisley, UK.)
Promovita GOS (syrup) Total GOS componement:
36.84% dm

O 44 d2E
EAfete] HnE gla) At
55), 4=t CAF ZHESE Y HH(CH

A} ZEFE S a|T1nd QAR (% ko

syrup), =l SAF AHEZAFE

*
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e
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ofl
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N
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el
o

4 A ot Y E ol Yot 9] ZhetdsH(Caramelization)o] 23l
ZrHE Aato] a2 ol epAl AFE-g o] Hls| thA Zgh o] AARS o
_—]7_ [e]

ofgfet olfr=, & IHAIE Fdll TerEH
A, B ARGAACNA AgEHE
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7% 87 Al il £ TS

— . e ———— e e o

ol e s 2HESEAY

@ &= 24 A7t
Zy e &g RS HPLC system= Fof 2lstglom, 208 5]4
oH-E 0.22 um syringe filtero] oJ3tE M-S HPLC 2A-§02 ARgstYTh

HPLC-RID (Refractive Index detector)

Column

Mobile phase

Flow rate

Column Temperature
Detector Temperature
Pressure

Injection volume

YMC Polyamine I
Acetonitrile 64%
1.0mL/min

30C

45C

Less than 1500 psi

20uL
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= SAF GOS (B****500)

Lactose (%) 32.27 %
Glucose (%) 14.7 %
Total GOS (%) 53.03 %
18000
160.00
1£0.00
120,00
100.00
3 - LTctose
" G'UTOSG | GOS (>DP3)
4000 g 2 | E - o
000 J @ 2 TS = =
200 400 800 800 1000 1200 1400 1600 1800 20,00 2200 2400
1% 88 = SAF GOS (A****500) g2 A AT}
(\)_;_E_ YA]_ GOS (O********SS)
Lactose (%) 22.56 %
Glucose (%) 28.62 %
Total GOS (%) 51.18 %
180.00
16000
Mﬂw_
120,00
10000
; B0.0D
Glucose
8000 Lactose GOS (=DP3)
ﬁ o || T T o r‘; o w0
ma g~ 835 =880 2 &
. t s \_ S A =SS A = I
200 400 5.00 800 10,00 1:.:\'!00 14.00 16.00 18.00 2000 200 2400
% 89 dE YA GOS (O******%%55) SIafa A}
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F= CAF GOS (C****)

Lactose (%) 11.68 %
Glucose (%) 32.05 %
Total GOS (%) 56.27 %
k-
18000
140,00
12000
- Glucose
e ctose  GOS (=DP3)
N 4 |
20 Aﬁg%%%%g 5 § 8
00— L A BN TSN FE 2 § 8
200 400 600 80 1000 ﬁf@um 1600 1800 2000 200 2400

73] 90 YE YA} GOS (O******¥%55) Slern gy

MEE 71 2HES1T

Lactose (%) 21.78 %
Glucose (%) 22.56 %
Total GOS (%) 55.72 %

a9 91 N f71s 2HESR| Y SFEHEN
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FEdt A &
&%, FHIE, §9I=, AF AT A Y D A%

Hol A et f7ls FE A48 AES AEste] YARHAEGA,
d =3

b f7lshdeeie 34 9 RS o8]t HARkE =3 A

O F/AE o]gst HAURE X7

=
Ao AR 50% 7% dEEgHuge] AL 918 A4E f49 LacTS ol
e

galo] SEQANA AR TGOz A

ol EHiZ 60% ZHELZIIY JNES flste] 1) gt

LactaseE 37} EQlslo] sleE=x2 3}

= )
ZRIAE AASe] Fapel FUATE SUSH P AEskick

B Lactase 7MY 83 &% 60% 771 5GOS i

CHOM CHOH
lactose |~ ow Glucose /—0
- T .-"I;:lH - d LECtaS‘E G*'
H_|H'.|_ :ﬁ E i :HEH
= H
D|t* N OH—0 0 | O
Galact
Galactose Nt 5po
8 :IH
1% 92 Lactase] 2 7]2F
TSR
ek AR 9

60% == §7)% ZE2E Y e 95 AEY Lactase S
o 27

=
of Frisigom, 8T B B4 U HANEAL

I 38 Lactase Agdas 7|19 ¥ a4 EA

cRea} gt

Optimum condition

Enzyme Main activity Source
pH Temp (°C)
Fungal LacT A. oryzae 5.5 60
Maxi LacT5000 Lactase A. oryzae 5.8 55
AmanlLacTF B. circulans 6.0 60
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LacT NL A. niger 55 60
LacT NL 2.5X B. licheniformis 6.2 55
Geno LacT A. niger 5.5 55

=z a2

FEoriy AHEZINTS TE7] F aaRte2 79 600-650ge] 224+ TR

500mLE 7}sta, 75C 48 AroA

AS © FE 45~50 Brix7} 2 wizbx] &8st

gdld wolo] Zeo T2 WZAAZ TS, LacT A4S 99 EQEE o]
0.08%(w/w)E 3 &Hel FYgstalom, LacT G4 ¥hg F<l ¥hgoe] 28 7}
AZAPE  Lactase®] HEERE  FAEC wE Ua, #E FATE diH|

=
=)

0.1%~0.5%(w/w

stglon, a4 Hhgo] gt 714 FEE 50.0 Brix/b HEE 27gsto] ARSIt

ghel f A=tESe|nd FFRA2 BESH MES 100ToA 157 Bt FA
£ Boto] 54 A4S A A7, v AlE U AEEZIT FEAE flot
o] 6,000rpm, 15min o] 702 A% H §4E AAsta, 208 A4 F 0.2um
syringe filter oJitote] HPLC A& ot om, z+ &4 ¥-5 2] GOS #He-ES

stolshy] Qe HPLC BAZ AL et

S
BN

H 39 HPLC +4 =1

A
J

HPLC-RID (Refractive Index detector)

Column

Mobile phase

YMC Polyamine I

Acetonitrile 64%

Flow rate 1.0mL/min
Column Temperature 30C
Detector Temperature 45C

Pressure

Injection volume

Less than 1500 psi

20uL
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1% 93 AT Lactase 6% 0|83t

F715GOS Ag=(%) 24

23}

FE 40 A¥ Lactase 63< ©|-8¢ BANLS /% GOS &% (%)t
71E 1 "
gman P Fungal MaxilacT  Aman LacT LacTNL Geno
LacT 5000 LacTF NL 2.5X LacT
GOS
aATe T 924 (F4E %) 24X7F ¥Eg)
Glc+Gal 17.7 98.6 100 100 21.1 20.2 18.7
Allolactose 9.7 13.3 12.6 10.2
Di—galactoose 12.0 1.4 10.0 12.2 9.5
Lactose 25.4 27.8 30.2 18.0
Galactosyllactose (DP3) 31.8 18.3 16.3 38.3
Tetrasasccharides(=DP4) 3.5 0 2.5 4.1
Total GOS 57.0 0.0 0.0 0.0 51.1 43.6 62.1
79] 5% 25 AFAE  HAFAE
v B B ) B B -
w8 ms =8 AS A
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A7l 5 HRS.goR o

o
2% (wiw)g AHE=E Eo p
AHE Aars AR A

IFE gH] ABEW (Saccharomyces cerevisiads 10%, 5%,

re—activation A|7] & HAo] £ i},

FAoll 4] AFLET Q) CARe] MR R-AYo]AETEES ARL.

RS- ZetAdE 30T grxof Fo] B 8 audrg s A3 siglor, MEH A

afet 100°CoflA] 1583t

dA2ste] aRdtas v‘:‘rBPE‘r.

e MEL2 208 8]A4sted 0.22 4 m syringe filter 933 & HPLC EA802 ARE
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GOS - & (%) 68.32% |
oA 5%
......... 1 75Brix
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715 AeEgelne] PR Bk ofefet Zo] 6834% 2 LU

I 56 HPLC &4zxA

HPLC-RID (Refractive Index detector)

Column YMC Polyamine I
Mobile phase Acetonitrile 64%
Flow rate 1.0mL/min
Column Temperature 30°C

Detector Temperature 45C

Pressure Less than 1500 psi
Injection volume 20uL
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£ A o ST R Afeta, BEA ARS S AAol AEge 9
g 24 sl BAIES AR, B, sHRol4 25~30g4 A=, Wao] wet AEE
Aol SAEl] gl AZWEL ol

@ A FEL A 9. EAIHP 9.3.10. AHdr@R U AAFS)S #ste] 4
AtetH, BE HAR= g s|Aujaerd 2704 ZsfohH, REEA] FA|F-S 788, Qo] ot
2} AEFFo %XHEJO% U AXTBES o8 AAY HMELE 9 =1 stollA &
AZC] AH, 5, sholA 25~30g4 HE

© WRTE FBE A 0. YRGS 9371 EE ALAAS Fneld A4
shul, AN Aol R A%, 22 FAAGN AZNDS A AW, 3
AF BAGNA BFEE FHol UREE A9, 45 Bt BT 3 AR 24, 0E
e
n SolsaESY T B A5y
NE AR Go1SARESY T BANS 1002014 WU R ES 2l
2k
[}

A
Galactose, Glucose, Lactose®] A=H TaF(%)S wH gro|oh, X A<st Q%E%PJ
g wAs AAsH] flste] s AHESIY 1"&:4@01 AOAC 2001.01
modify ste #4-g HAlskaitt. AOAC 2001.02 H-& =

gt fARE BATRE 7D Sl Z4Y )
-1,4-D-glycosidic linkageE A2+ G491 [ -GalactosidaseES ©]835H B2 02K
B —Galactosidase BAA 2] Ao AHEA bt @AaHe] FO| galactoseo] o] }
£ ol&ste] Fote FAeEH, a4 (Assayl) ] AHEL, asHe (Assay2)
Z2tEA T2l3 4P & F9 lactose o @S 44 Rt AOAC 2001.024
| AAE FAlol dideter. AL AT EA xRS o2t Zh

of

- A(K) ¢ (180+162n)/180n (n=ZZE2 moiety, B+ FFE-1)

~ L, D fE 9EA (@aAgd 2gEZYNT ff dEeA R

-G D (EAAEE ZEEA/GEY ZAEEAS) = Free lactose/1.9

- Gy D s ZFEA (E4APAH)

- G D% AYEXS

(FEZHES + HEARY ZSEL + ZFESEIG R ZHES, G4 AHET)
- G, G.— G- GL

HPLC-RID (Refractive Index detector)
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Column

Mobile phase

YMC Polyamine I

Acetonitrile 64%

Flow rate 1.0mL/min
Column Temperature 30C

Detector Temperature 45C

Pressure Less than 1500 psi
Injection volume 20¢L

B 59 HPLC #4x71-2

HPLC-RID (Refractive Index detector)

Column BIO Rad 42A

Mobile phase Water

Flow rate 0.5mL/min

Column Temperature 80T

Detector Temperature 45C

Pressure Less than 1500 psi

Injection volume 20¢L
$7)% APELI Y] HPLC B4 A7 £ ohew} Zon] GOs @ 24
e 100 vReEgende AaE ge W g 5UF AUS
VG & 9len], 2T AOACE SEUEAHE A48T dFolct

Figure 1. (Assay 1_ Bafore EnEyrme Reactidanm]

| £
A é
= :....: |§I Ig_
3 &
| .I I i
& - o :
Figure 3 (Free lactose in sampia)
.n. |
L I
i :| =
e | fi E
= =, L B L VI — = =t - 3
T T O Y T F:‘i.o"' T B ook e Eeo | e

|t

19 107 AOAC 2001.02 §-& ol-&3t HPLC data

r
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32.69
25.14
22 .65
22.08
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44 .74

55.73

0.003x - 0.0002
B2 = 0,9861
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0.0009
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SetaE  WSEAE  E2 Sosiel 2GR
HSoratEl] 2L 50
-
o i |
a9 110 #+E3 gAE At

h 71 AFES TS o83 AANHIHFEA /oA =4 B7D
m A [ vivo cell study
(D) Ad5E 2 A8z
ANEFES SUAEFEANA AAE SPREA YA HAY) Sprague-Dawley(SD) 7l
ACE B Tol X § FHd ATl TP FE& Ad™ste] & 23T +37T,
AUlEE 50%+10%, ZHAZE 124170 TA~F 74) 2 Xk 150-600 Lux®
A AA7NZE &eF Ee] FFRYO|E ARSAFAH240 W ox 390 L x 175 H mm)°] 512
A o] Agetalal, Alg7IZt EeF ARGRE 22 IET] 7R 121°CollA] 15+
b Eatsto] AR SFLAL, B9 AfRe A @H/\]%’l‘ﬂr.

ARIEE] 771F 283132 ®vleadut= FH Al ol ARGttt

FA WM AP 220R A7 RAYR, AY BHEeR rolon], BA
o HUAEs, AW BIFES 5000 mg/kgdl TEFEL AT Folstgrt 149 Fo
= al

?55:

de 4o ol QP
1 %o

th. GOS 1,000 mg/kg FolE, Yela@ds RolZog 149 59 ol & WIS &
stglrt.
(4) gAAsst AA}
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s
ol &

oA Adg ddF HE FANTH HAR o]gst U AL 4T
T A E=2 (3000 rpm, 10 min)ste] A5 AASFSHEAR ] (Express 550)
sto]  TPROT(total protein), ALB(albumin), TBILI(total bilirubin),
AST(aspartate  aminotransferase), ALT(alanine aminotransferase), ALP(alkaline
phosphate) ,  GLU (glucose), CHOL(cholesterol), TRIG(triglyceride), CREAT(

creatinine), BUN(blood urea nitrogen) 5& =745}t

li

i o%
ojp

(5) @oysra Al

[s)
i e |

-

T4 A 1920 XA & ether® whHAA 7 digdoi] 2dstdal, At
Ao FeaA= EDTA-2K7F @i Aqdde] dol AFdAAA77IE o]-&5t]
oHsha  WBC(white blood «cell), RBC(red blood cell)), HGB(hemoglobin),
Hct(hematocrit),  BLP(blood  platelet) , MCV(mean  corpuscular  volume),
MCH(mean corpuscular hemoglobin), MCHC(mean corpuscular hemoglobin conc ¢
ntration) 5= =74 sttt

6) FAA

AFAT} doj A7 E SPSS A RIS ARESte] SH91E ZH74e] e §
Z](mean, SD)E AF&ESIAtE AFE HS2 TukeyE Z85I31L p< 0.05 oA £

g A

e
i
)
>
el
o
B
o2
ol
ol
Y,
i)
2
ojN
o|N
N
N
ot

, Aol dFe] 'St control 2t

61 AT B Aol dFF Hlw

Group for acute toxicity® Group for subacute toxicity”

Control GOS Control GOS
Female
Body weight gain (g) 77.67+8.87 67234652 58.16+11.16  43.40+17.12
Food intake (g/day) 21.52+4.42  19.37+4.93 16.50+0.79

15.87+1.95

Male
Body weight gain (g) 87.31+9.81 69.06+15.35 70.8+12.0 60.9+20.4
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Food intake (g/day) 20.26+5.22 19.37+4.93  21.810+0.87 20.89+2.17

(2) AEollA s}

GOSE AT F9%F9 HAP(whole blood)olAe] FHAHES Bt Ay LE
Hematological parameters 9|412] control ¥ A&t Atojof] Fo&Ql Zpol=

ol#st ZAE acute Y subacute test oA BE HU5HA
SR o] S ofu|trt.

kv
L
5L
I
r (%]
r

o,
o)

62 W] x|

Group for aute toxicitya Group for subacute toxicityb
Hematological
parameters Control GOS Control GOS

Female
RBC  (x10% ul) 8.67£0.27 8.44+0.44 7.65+0.50 8.31£0.48
WBC  (x10%/ ¢D 3.62+0.27 3.53+1.14 3.07+0.78 4.60+1.96
Het (%) 53.60+0.42 50.55+1.41 47.73+2.11 50.68+4.14
Hgb  (g/dD 17.20+0.57 15.85+0.60 14.57+0.86 15.92+1.06
MCV (D) 61.80%+1.41 59.95+2.39 62.47+1.69 60.92+1.84
MCH (pg) 19.85+1.20 18.75+0.74 19.03+0.21 19.18+0.30
MCHC  (g/dD 32.10£1.27 31.28+0.32 30.47£0.57 31.46x0.75
Platelets (x10%/ ¢1) 959.00+ 73.54 970.00+195.09 959.00+182.76 937.80+468.08
Male
RBC  (x10% uD) 8.61+1.07 7.70+£0.12 8.14£0.37 8.29+0.23
WBC  (x10%/ 1D 7.50+£0.98 7.19£5.41 451+1.37 4.27+0.88
Het (%) 59.60£8.45 51.23+2.46 54.15£2.05 54.90%0.85
Hgb  (g/dD 17.43+£2.12 15.13+£0.61 16.25+0.62 16.25+0.35
MCV (D) 69.15+1.35 66.57+2.21 66.55+0.54 66.30+2.83
MCH  (pg) 20.25+0.33 19.60+0.50 19.98+0.17 19.55+0.92
MCHC  (g/dD 29.28%0.76 29.50%£0.26 30.00+£0.24 29.55+0.21

Platelets(x 10°/ «1) 1290.33+247.84  1049.33+245.40 1116.00£96.61 1235.00£94.04

(3) goyste] s
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GOS & A Fo5o] @AM glucose, BUN, total protein, AST, ALT

= o
o=

A3 Acute test A3 male group ol42] Total protein & “Fx]oA4 GOS A@9]
T 2|7} control ¥ fo]A Q1 atolE H oy, AAHSIUS] FAlolR= %"é’ﬂr% T
gF X Holn, thE sty 2xe {oAQl Zolzt gl

Subacute test A E BIE  FokelA A TmOA  GOS I control = Arold
FoARIztol7b glglon, dofatA 23 o] 79 acute & subacute test A A= FHAO]

TEEA] ok

E 63 sty Am

Blood biochemical Group for acute toxicitya Group for subacute toxicityb

parameters Control GOS Control GOS
Female

Glucose (mg/dl) 76.25+24.73 86.00+39.60 78.00+42.88 77.00+29.20
BUN (mg/dD) 20.30+2.21 19.90+0.28 21.18+3.84 21.18+5.15
Creatinine (mg/dl) 0.70x£0.08 0.60+0.21 0.66+0.13 0.68+0.05
Total protein (g/dl) 6.78+0.15 6.65+0.21 6.38+£0.31 6.80+0.08
Albumin (g/dl) 4.80+0.20 4.70+0.00 4.40+0.16 4.63+0.15
Total bilirubin (mg/dl) 0.65+0.21 0.85+0.07 0.66+0.24 0.48+0.05
AST (U/D) 79.25+13.96 91.50+17.68 109.40+18.09 97.25+26.54
ALT (U/D) 20.50+2.08 19.00+1.41 16.80+3.90 19.00+6.88
Male

Glucose (mg/dl) 110.50+21.92

127.33+£38.48

119.00+20.86

137.67+45.39

BUN (mg/dl) 18.08+2.57 17.13+£3.10 18.76+2.48 17.10+2.65
Creatinine (mg/dl) 0.58+0.10 0.53+0.06 0.58+0.15 0.60+0.10
Total protein (g/dl) 6.65+0.17 6.30+0.10* 6.58+0.19 6.43+0.15
Albumin (g/dl) 4.48+0.10 4.37+0.06 4.26+0.21 4.17+0.10
Total bilirubin (mg/dl) 0.45+0.06 0.43+0.12 0.42+0.11 0.47+0.31
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AST (U/D 86.25+19.79 74.67+8.08 105.60+14.15 86.00+11.14

ALT (U/D 19.00+11.17 16.67+3.06 18.00+3.81 15.00+1.00

) 719 BAAE

GOS & AT Tol¥el A7le] RANIE AT Ay 24 A%, 4%, uF 59
TA Wsl=  control ¥ AT Afolo
female oll412] #5} oA fo#9l Aol7h QIS ol GOS Aol s ol

hee ofulgict,

5 64 37 P s

Relative organ

weight Group for acute toxicitya Group for subacutetoxicityb
(g/100 g of bod
T8 O Doy Control GOS Control9 GOS
weight)
Female
Liver 3.43+0.21 3.18+0.11 2.92+0.36 3.10+0.24
Kidney 0.77%+0.01 0.75+0.03 0.72+0.05 0.70+£0.05
Spleen 0.29+0.03 0.28+0.02 0.28+0.06 0.27+0.02
Heart 0.49+0.03 0.44+0.04 0.43+0.04 0.41+0.05
Male
Liver 3.22+0.35 3.31+0.26 3.184+0.32 3.084+0.27
Kidney 0.75+0.08 0.78+0.07 0.76+0.08 0.76 £0.05
Spleen 0.26+0.03 0.24+0.02 0.25+0.03 0.24+0.02
Heart 0.41£0.04 0.49+0.05 0.41+0.04 0.46+0.04
olfel Aol oJst, f7s AIESYIF(GOS) 7&Ed AE duaz AREEIL
UE aA=Z oln] Pd/do] M o] Q1Y Acute ¥ subacute test A¥ FAJo] Ql=
208 At
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2h) f7I s A2 FAFERERE Held fEoRRE f7)s HEEA AT
HFERAE 84 = MRl o]4d2H(Isomerization)FHgel  osto] A E=
ketone GH|o| olFFE olFolA i, F W HlMUidE FHAA FFaTE <
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- A5 AEH7HE AR A FERZAR AR A
[SRe) — B . - -
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AHgetA E 2

o)l NERASE %, BERAS o[4S 92 S AR Tse A

SRl shebd AN FAS FEAT 23 gk Jrelol=R-CHO)Y AE
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30~180min

B AT

Aste oldfe} 2o, Aitk

JEL)

=

HPLC-RID (Refractive Index detector)

YMC Polyamine I

Column

Acetonitrile 64%

Mobile phase

1.0mL/min

Flow rate

30T

Column Temperature

20 L

Injection volume

45C

Detector Temperature

P HEZA ST (%)
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[¥20] HPLC E4%A

HPLC-RID (Refractive Index detector)

Column

Mobile phase

YMC Polyamine I

Acetonitrile 64%

Flow rate 1.0mL/min
Column Temperature 30C
Injection volume 20uL
Detector Temperature 45C
AL |
| 1]
" ||
e (i o
s ]
w
| | 3
y " 2
§ 1 . :_5" i | u
| P 3
| :I'll H (e 21_;,
w | N - | g
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M i B Em 100 el % [
4 BN EM MA 2 Wi EG 9RO
Wises . Wirctes
a9 116 FAE 459 a9 117 EREdHE
3h FEB2A W T T $TAA
FRorRE GEEARO of4sl Mg T & FEAAE ST © a&aANY 7t
@TE Y AE o83t ot ¥R el @ d54] diEY YHE HES H4Ee
et
© fad WP olge oy ulig §% A7)
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grajote] Fresenius Kabi il ©] Lactulose solution, ¥ Morinaga jil: oAl #|Zs}11
gom FWE=100% sdoll el&Estal Qlo], f7lsHER A AMdS = FUtAe] &

e 7Skl Qe Ae RER
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@ &% 40% o9 7% SERA A

SYE 2w 30% oAfoo] §71% BERA VA JMOR 2R PP BuE
shsct.

A AT} 37~38% ode] FERA At
gerel 2 e ldstaon, KYAAY
® wlg 4 AL AE oherk

=

Oh £k e A us 79 A A

-
ol Ader TS A gA Wl 79 AAE S8 22hde] A 2]
e el p-galactosidased ol-8sto] FAFESl nHks 77 A7 A= 4
o
=

S7HAA AAIsH.

e WhS-8oH F : 25.0~30.0Bx

o WFgRE W] 1 60~65T

o ¥k pH W9 : pH 6.0~6.5

o AHE 84 FF 1 HE-ZHEATA (beta—galactosidase)

- RAAEF WS8R TFE ] 0.1~0.2%

ik
72
0.1% 0.12% 0.15% 0.17% 0.2%
It 4.2 4.9 4.8 4.7 4.5
E
16.1 15.4 15.2 13.6 14.4
ZgE=
gtEa = 35.1 35.2 348 35.6 35.3
ZgES
= a 15.2 13.6 14.1 13.5 14.2
e
oot 27.4 30.9 31.1 32,6 31.6

a4 Z7t B2 FERA 2L FAL 4 0.1% ~ 0.2%FGIe] & Aolg B
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O 50% ZAZE21F(GOS)2] i vitrool| A2l -S4t S41 Hrt

= 49

i

Hjzlo| A o o]85 Hst= o o885 AA HIX| modified-Peptone—Yeast—Fields
medium(m-— PYF)% AAsII oW, 50% ZA=EL22] 11 (GOS)E 0.22 #m memebrane
filler2 Al & 0, 0.5, 1, 2, 4% 73t Gol& AMu)z] A5ttt

Probiotic FARFO2  Lactobacillus acidophilus, casel, Bifidobacterium bifidum,
longunr& A5 o™, o7 12A1Ftattt wjFl o] FFEE 233 EA 660
nm THOIA 27 W 39le] vhEaAgls Eo) B Folch

RLER
MR SH4E 50% 2HELTHGOS)e] Bol wWet fatde] FAANE B

Aottt

Akt Lactobacillus acidophilus®] 73 50% ZA=HESZIHGOS)7F 1.0, 2.0,
9 4.0% T diAlo A Hls=9E Aol SAaYRE YER I
QA Lactobacillus caseP) A= 4.0%2] 50% Z=HE-22]13HGOS)7F $H5=19)
S o 7P} B2 ZAaNE Uedlon, 0.5, 1.0 @ 2.0%7F TE vizjel s H|S:
oF A3e] SAavE el Z2itE At

Tt SAMt Bifidobacterium bifidum® 7399w 50% Z=E-22] 1 GOS)7F
1.0, 2.0, @ 4.0% &5 wix|oA FARE SARINE HERS

FAMt Bifidobacterium longum ANAE 4.0%2 50% ZtE-22]1HGOS)7F o
FERE W 7P =2 SAETE vEleH, 1.0 2 2.0% aE six]elA= vl
3 SAGIE YERIH
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Absorbance at 660 nm

Absorbance at 660 nm

0.8 0.8
S g% 50% GOS LB. acidophilus O~ % s0% GOS LB. casei
B 05%50%G0s E B~ 05%50% GoS
~A—  10% 50% GOS c —A— 1.0% 50% GOS
0.6¢ L. 0% 50%GOS o 0.6¢ = 20% 50% GOES
-G~ 30%50% GOS = &~ 30%50% GOS
-
0.4+ @ 0.4¢
[ =4
[}
£
0.2+ 2 0.2t
=]
<
0.0 : . : : 0.0—*= . : : :
Oh 6h 12h 24h 36h 48h Oh 6h 12h 24h 36h 48h
Culture time (h) Culture time (h)
0.8 0.8
&~ 9 50% GOS B. bifidum € 0% 50% GOS B. longum
B~ 055% 50% GOS E B 5% 505 Gos
—fe-  10% 50% GOS (5 - 10% 50% GOS
0.6F = 20%50%GoS a 06 o o cowcoc
& 30%50% GOS 8 & 30%50%GOS
w
0.4+ 2
(=4
a
0.2/ @
=]
o
0.0 : ' ' A . ' '
Oh 6h 12h 24h 36h 48h Oh 6h 12h 24h 36h 48h
Culture time (h) Culture time (h)

a7 134 §AREA

oHl

7

@ 471580 AAEE o187 in vivodlHe] S41F F4 B7KSD rat
. AP

HEEERE D $AS A8 JETE £ IR Ayt 25
AFzon Udth 52 A4 84 REE 21 + 17 C AKEE 50 ~
35%, BRE 1242 1& Aot %42} e AREACR S
AT B

e WAoA WS 1 g% AFSte] Peptone buffer2 107'FE] 107°7k2] 34
stct. #1419 \ix]: LB (Luria—Bertani), A€} Hjz]: BL, MRS & H#(1217TC,
15 B)3 & 100 7 #HEZ g4 20 mLA EFsto] Hufz]E Alxstdch &
4 colony 7425 ~250)7F EAHHE LS 107'~107°F)A At & 3 HhE
sto] 100 mLA gxbafz]of =dsioirt.

SIS A7 B 24 AZE gt 37TCA g skele™ ¥4+ BD
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GasPak™EZZ d7] 343 AL}

LR

BgaAe] G2 @ 4ol WekE s Sl 2714

o, Bifidusw#9] colony A& F71s=74d 5}

et

S 712 FwtE= normalt 7715
O}, HAZRE] ZoheE IS ujAE fAEe] EFtolAe AolE

S5 AT Aol KA Holk gl
Od

Hao

(p<0.001). 715G AFollA lactic acid bacteria, Bifidobactera oA 9] =

7t geldor Zrtegrk

go)
o
(@)
—
.\_/

g @4 FEr 94 SRR AA

oA feldoz Zrletgrt

(p<0.001). wHahA wfL-FAANA ATt [7lsE0 AAE A3 Al A &
Gare mAE 250 Fbante AU & 9 Zoltt.
5x108 6
1.4x108 4[] Normal <0.001 6x10 p<0.001 p<0.01
I Organic milk powgler p<v. ;
1.2x108 4 4x108 - 5x106 4 6x107 A
- = 5 —
g 107 8 > 4100 3
2 3x10° - = €
g 8.0x10" 3 g 2 § 407
5 s 8 3x10° g
5 6.0x107 & 2x108 4 3 T S
° E S o106 ] g T
4.0x107 1 L B X @ 2107 -
108 - -
2.0x107 T 106 -
0 ! 0 T 0 T 0 T
i o iy “Pog Iy Pligy Bpmog oy, ooy " leuwyq
Il !
"Ueg)n D-’“E’SJO My g, %o i uep, o
a9 135 {71 2RlAY Fd4
(W f71s 22ESH1EY HH/fd 8t
@® Loperamide® =¥ WHu|Z oA o] B/l ZAIH 7T
. AEP
@ 4AFE 9 AoF

Ao AR T2 AT 6 FHE B AT 170 g9 Sprague—Dawley
(n=24)E dighto] YA (DBL)=RE Aol AMgstgor, A% T2

501%
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Qb A AG A F, Qloja 7+ A 6utgd 4202 o] ujx|otg]
1opa] 4] Ealste] wire drop cageoll AHSoFATE.

group< AANZTC 2 50% ZAHE22 TGOS loperamides FoIs
Yo #(NOR), Al 2 group2 50% ZHEZIFHGOS)E FostA] %3 H
S 22 (CON), Al 3 groupe AL 50% ZHELHIFHGOS)E

EolZ (L-0OD), Al 4 group2 1% 50% ZAELHTHGOS)E Fo

Eoli (H-OD)eg AAsATH1.

AEEE A ST s 200227, Atﬂg— L 50~55%8 Sxskgla, Bt
o 12/t F712 Ao Atrl 2G FAoR Aol

50% ZHEZEIFOD)E 52 A5t

Loperamide (L4762)&= AleFFCo 2 Sigma—Aldrich(St. Louis, MO, USA) A&
PeIstol ALgsaict

A7 BE 1599 A8 F & 5F B APL AAstgon], 4F 59
50% GOS(OD)E &4=2 Al&sty, 159%¢t vjd 5mg/kg®] loperamideE o
Sto] HH]E FEotlom, samplee] WH] o &31E Rlsect,

1S 7|7 & 35 days
1
[ \
1 1 |
11 | 1
\ I\ ) 2]
T |
8871 MojMMY UNSEIIE - Loperamide &0
- £7{ > 7day 74 (Smg/kg/day)
797 FOf -HH| R
-+ - 0

9% 136 Wu|mEe oledt EEAY e
@ Wel A%, W 5, pH L Wl £8 4P

Ho4=, WEsF 9 ¥ pH loperamide®™o] & WH|7F f7E 7|7k A ZAbsH

-

o] 4B gake] 242 wH GuEy] A loperamide®o] F WH|7h e
7Rk & Wiro] ARl

WH] §% FREL 3 18 $70le] A @ W] e} We] Fae 246q
oo, Wl 4RREE W 50T BANES FAAZ AA 2 FE 240}
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19 FE A F0) ol W FHoR Lol AL

%

Ay

@ WA A 2] T4 (Short Chain Fatty Acid, SCFA) &
oA o] S A AE e S8S fIol AT W FE= 1 g= 5 mLY o
2 89d0o] &7 Conical tubeo] Hof & 412 & -60°Cof] Hytsto] ARgsHlAL,
T2dS A2 T8 AEsh

HErS gollo] & ol WA FEE ARt 045 xm Millipore filterS AR8-5}o]
oJyfstal, okl 1 4L GC system (YL-6100 GC system, HT300 autosampler,
Autochro—2 data analysis soft)2 ©]-85to] Aot}

BAof| AF&gH columne DB-FFAP 123-3253(50 m X 0.32 mm X 0.50 zM),
BA X712 injector temperature 200°C; carriergas: nitrogen 1.4mL/min
(split1:10), hydrogen 30mL/min, air 300mL/min; GC oven temperature profile:
100°C(0.5min), 180°C(1.0min), 200°C(5.0min) flame ionization detector
temperature 240°C2 £4-& AA|otr.

@ FHEAH-S T3 lipid profile, AST, ALT, glucose 5 biomarker 7}

g4 5 lipid profile, AST, ALT, glucose 59| &&= EA57] flste] A4 &

ol AYFEL vpHAZ T, ARl Bejgulols Balg AFstAn, AFe B
doRe AR F AHS AFYPRA7|(Dri-chem 35001, Fujifilm, Japan)E
ol ko] BAS AAISIC

& FIAIRY, FAEE WG do] £

shyk 7] o]
B BAEY HUWE7A 0] o5 A
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Alcian Blue staining=

e}

alcian blue(pH 2.5)2 @4 & Fetdu|goz
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>
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ot
Mo
N

LoperamideE Foigt 1504 thxwo

Aepe] hast HolMAze] Famth WY 2 Ao|E Bolnz, of

o AR Q18] HdEe] FolE Zlo] ol
eIt e 4 QR ¥ 8

A ettt

H 76 Ho] HAF B 54

Food intake (g/dayv)

s =AAE e 73] &, 22 ® embeddingsto] WS A2s)

Qo] 19, 94T 2-30] & WA 24 5hd

A

—

vl Aol H e AastgA, v
A

= 2lo]
g} loperamide®] Fojg2 HH|ZAF
T2 AFHe IFEE 2polg YERY

Water mtake (ml'day)

Before conshipabon After constpatron

Before cunsl:ipal:ion After conshpahon

NOR B9+ 126 28.28 £ 0942 3471 £ 1.03® 452190
CON 2889 + 138 26.16 + 1 46% 3567 £ 154 4117 £ 243
L-OD 2538+ 030 2383 £ 082 3098 = 1.23% 39.03 £ (.39
H-0D 26.94 + 0.63 24.70 + 0 642 31.73 .+ 0.81% 3936+ 131

Data are mean =+ SE values (n = 6). Different letters indicate

OD :50% GOS

@ wWeol A%, W F, pH @ we] S8 ok 2w

NORILFoA = ®19 7|52] zfolE HolA]
Hoz HHO| Myt fHastglon, foHo]
IEe] 29 e HEE Aee SRlEI

ol BA E3t loperamides FA? 1F

GOS(OD)Z 41318t 1514 Normal group3} ¥l5:¢h Watkg Bk

J
1= i

significant differences at 2 < 0.05.

ANA FasiFon, W2 FE9 50%
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Change of Fecal No (%)

HH] 8 Holle =2 &9 50% GOS(OD)E AFR &M 7P =3dAH
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Far ik 1l
> Before constipation  After constipation v NOR CON L-OD H-(
o] AHB O
Ho| 5 BHo| pH

1% 137 loperamide S = A% Wz 3% H3}

Hiol pHolA+= CON groupe] 7 pHZF #tor
GOS(OD)E AFt 179 pHZF 7F Wgtom, ojziqt

T =9 50%

biomarker& 3}

loperamide= 58 HH|7} % Z13t Sample®] ¥H] oA g3tE SHQITh

@ WA Ao T &AE (Short Chain Fatty Acid, SCFA) & =4

w89 pH7F 7P Wetd H-ODIIEA 7F =A U

2
total SCFAS W L-OD180] 714 7 Uehlon, ol 2
el

ofUet Wate] Sojgld WMe FE Zol7] Wie] xolZ By
T 717k wlwe 1 L-OD1RoIA CONZ7} thulahel
Ao Hol ke o] 509 AeELIHOD)O] e
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o
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40

1 NOR

1 CON
g 30| == L-OD
3 BN H-OD _]'_
g
o a
—
s Al ab
= ab
b5 b
=
=}
O 10

, 11T
Acetic acid Propionic acid  Butyric acid Total SCFA

1% 138 SCFA =&
Values are the means + standard error of the mean (SEM) for

each group. Different letters indicate significant differences at P <
0.05. * OD : 50% GOS

@ dHNEAS F3F lipid profile, AST, ALT, glucose ‘s biomarker 37}

W A9l vjEEolofd FalAHET} AW Sol qrow Uzt
gk U ARAZEe] Aol I g4l HolAw Aol ZaiuBT A%

-

o] Z7tEe] FHASE Aoy EYT AR HY 5o Yclo] H 4 ity H
J1xo] Qe Agoltt

HE| GO A §o&F o7 Total cholesterol® <&Fo] =71gte]  HIF] 50%
GOS(OD)E AF IzolA foxez Aast AS dRlstg o, o]= sample©]
G540 ga HAETE Fol AU FHAHE S EF For A"
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NOR CON L-OD H-OD
Total cholesterol (mg/dL} 8720 £ 522 9440 £ 533 7233 £ 6.49% 68.83 + 465°
HDL cholesterol {mg/dL) 37.20 2.9 4420 £ 4.0 4050 £ 3.18 4250 + 2.88
Triglyceride (mg'dL) 97201723 96.00 £ 5.02 9120+ 4.58 7550 £ 582
Albumin (g/dL) 3.66 £ 023 422+ 017 338 £027 357014
Total protein (g/dL) 562 £031 6.32 022 567 £0.24 5.82+009%
Total bilirubin (mg/dL) 038 £0.06 0.36 £ 0.04 032 £0.03 0.30 £ 0.03
GOT (AST. UL) 184.80 + 36.76° 8980 + 16.55" 81.00 +3.18° 91.00 + 853
GPT (ALT. UL) 5260 £ 1447 3440 £ 7.89 33.17 £ 4.69 31.8 £ 5.06
Glucose (mg/dL} 31220 £ 4393 346.40 £ 40.83 22333 +20.44 279.17 £ 4142
BUN (mg/dL} 2266 £ 0.95 2398 +1.07 2040 £ 0.68 2287 £ 117
Creatinine (mg/dL) 030 £ 0.03 0.36 £ 0.09 027 £0.02 0.32+003

ALP (UL)

98540 + 9543

1070.20 + 66.97*

868.00 + 81,62

705.00 42230

HDL, high density

lipoprotein; AST,

aspartate

aminotransferase;

GPT, glutamate pyruvate

transaminase; BUN, blood urea nitrogen; ALP, alkaline phosphatase. Data are mean + SE values (n
= 6). Different letters indicate significant differences at P < 0.05. *OD :50%GOS

715 54

Sample®] A& H7Fstr] flsto] A7
& ea Aol FAVE BE §o0A<l atolzt gl

E 78 A715A

Organ weight

(@/100g of body’ weight) NOR CON L-OD H-OD

Liver 362012 3.68 £0.16 333023 325 £0.08
Spleen 0.18 £ 0.00 0.20£0.01 0.22 £ 001 0.19 £ 0.01
Kidney 0.70 £ 0.03 0.76 = 0.04 0.71 £ 0.06 0.67 £ 0.03
Heart 0.36 £ 0.02 037 £0.03 039 +£003 034+ 001
Intestine 354 +030 3.75£0.20 3.60 £ 0.10 359027

Data are mean + SE values (n = 6). Different letters indicate significant differences at P < 0.05.

*OD :50%GOS
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B 79 §H] FHolA FW 53t =l 50 % GOS (OD)7} vlA&= 9%

NOR CON L-OD H-OD
Intestinal transit length (cm) 4540 + 9.88b 31.38 £ 3.50% 4792 £ 877 6542 £ 7.1%°
Intestinal length (cm) 10014 £3.720 116.10 + 1.65* 114.00 £ 4.03 118.92 £ 3.10#
Intestinal transit ratio (%) 4470 £ 834 2738 £ 337 4256 + 8.20% 5477 £ 5472

Y + SE values (n = 6). P < 0.05.
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2 crypt cello] sulfomucing Z3$HSH acid mucing AJ4HgH & YeRf o]

Ho] acid mucin layer2 gof 9lrt.

N
Ll

HH] {3 controlZ1golAe BHE {4 BH|7Y ZAsiglon, WH|o 2d A
Auto A HABEH| O] 7]5o] At For dEA o],
olE Fdl loperamideE Tt AZ control1FoNA i WEES] o]Fol A
e FHS AR AdAET, 50% GOS(OD)E AFSH =& oA control 17k
ot GolH o2 crypt epithelial cello] S7HE S 2RIkt
=
g _ 200
X
< a
E: 15F ab
JE
S =
S
=]
g
%

(—]

NOR CON L-OD H-OD

1% 140 loperamide 74 #u] Relof A lactulose2] HHHEH|HZ m]x]= I
Samples were stained with Alcian blue at a pH of 2.5 (x40 magnification)

+ standard error of the mean (SEM) for each group. (P < 0.05.)
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@) M| ZujeF

ATCCoA mouse calvaria osteoblast cell @1 MC3T3-E1 A& FEoFdto}
a —MEM HJA] (Gibco BRL, Grand islane, N. Y., USA)°l|l 10% FBS(Gibco)
9t 1% penicillin(Gibco)& 7FstHA 370C, 5%2] COsincubatoro|A] 2-3Y
ntct vjz]E weolHA Ao ARgstIT

HIgeE 98l 5 mM B —glycerol phosphate(Sigma Chem. Co., St. Louis.
MO., USA)?} 50 mg/ml®] vitamin C(Sigma Chem. Co., St. Louis. MO.,
USA)E H7lstel Zaie HIAZ AREsE o, 3dnttt HiZ|E welstgih

@ Al

i
AR Hrd Ao w2 ZTA|FLo] AL Z4L MTT assay Hgel mat
3-(4,5-dimethylthiazol-2-yl)=2,5-diphenyl tetrazolium bromide(MTT, sigma)
Alofel gt A g ZA4sh= WHe ARSI

= o
A e

MC3T3-El AXZE 0.4% trypan blue @HHS o]&sto] AE &5 1x10
Scell/ml2 ZA3Fo] 96 well plateol| platting 3F &, & EFE FH|¥ Gk
At fAdid EoE5S 2 pl¥ H7ksto] 37 C, 5% 9] CO2 incubatorofA]
24417 wigselnt. olnf] tixfto 2= AE 4l DWE 2 plE et 54
SHA vfeFotadtt. 24417 vk & MTT( mg/ml) AleFS 100 uxl & Z+zte]
welloll Z7}sta 37C, 5%2] CO2 incubatorolA 2A17F ¢ vieF sttt HjoF
S Hj2]E A|Ast SDS(sodium dodecyl sulfate) & 100 x 18 F7tstod 34

¥ 2849 formazan A& &3] A7 F ELISA reader® 570 nmollA &%
=5 FYstgon, Ax SAES AU FHdd teRalEe] &
TE dEe] =l it MEgE Yyl

oot aa=s A & A2 Ao {7 o4t o
2,4,6-trinitrobenzensulfonic acid(TNBS)¥-& ©]-&35to] =4 sttt

A& 0.125 mLe] 0.212 M phosphate buffer(pH 8.2) 1 mL%} 0.1% TNBS 1
mLE 7}k, E3HE 2 50TCoA 6087 dAaoA ¥H-gAIA 100 mM HCI 2
mL £ 7botl 2087F WA S0 S74 4 mLE 7total 102 WA % 340 nm

AN FF=E 545t L-leucine EEIAIT Hlwste] A2 Q] ofn|leqt <F

Mo

ftlo
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tlo

)\

@ Alkaline phosphatase (ALP) &4
aiFE MC3T3-El MEZE 1x10%cell/ml2 Z735ted 12 well plateo] platting
THEE FH[E Whey proteing F7FF & 37C, 5%2] CO; incubator
HjoFstict. 1 & PBS®E 23] AlAst 0.1% Triton X-100<
9 celle] A5oe PR Folo] 4
A% ALPEAS) A= eHol. A2

AT F
N E}O lysis o}t Lysis® cell€]
ng = = %H 7‘~:_] O]ZO 27(-10]-01 7]

oA 15Uzt
ImL & ¥ -
TAS gl Skl e ol
o] o]z} ALP QWEoﬂ = vE 5 sler
Uirol Fo 24 o9 Al Seof tigt ALP EA4XE ALsHIh
4303 P 574
Biofet MC3T3-El AZE 1x10°cell/ml2 73}t plate of et F 43]
3t A& S8 Bk wixet Whey protein E8E S sLERE st
1597 wjeksteich v & formalin® 2 Ar2oA 308 AEZEE TAHAFHTH
Ahzarm Red(AR) solution2 10 ml %—%——’T— | 40 mMo] HEE FLE 9E
T AR solution(1 ml/wel)22 2087t &
U= F 22 PBSE AlHotith. mH
a1, MATLAP Z=71

10 mM sodium

k= pH 422 2ottt A2 117
al,
1 ml/well H7}sko]

Mg 5 PRSE 2-33] A stol wmxl
o] ut2z] UL = PRSE AA FHA dunjAdoz EsHA
S o] gslo] Ao M AT E RGB Zre=z uve Yl

pH 7.0)&

1

o=
phosphate(10%  cetylpyridinium chloride
BEE
4 24 (PCR)

ELISA readerZ 550 nmofA &

Astuat HZE 1x10%cells/cm
«-MEM  wjxel  wjersteit.

W3k

ote Eehjz|=2 wet

an

)

7 AFA F
Hatmar Azt

FBS7F  H7Hd

AA]

=

Az HEE
10%
Confluence monolayerell Z=E5HA =W Eouix|= wekste] 37C QI5H|olH
o ANm7t &ote

i

=
Foral

Me r

Z 7 5}od
|4 A8AIZE wioFShTh 1 & theFeE FEO] A
sto] 37°C QIHlolE oA 1547 miefstatt. 42 AlZ=H ¥ Trizol(Takara
sl RNAE Hg5tal, cDNA 42 SuperScript®
= ol o
= [¢) —=

Bio, shiga, Japan)

o
o|-§
III Reverse Transcriptase(Invitrogen, Calsbad, CA, USA)E o]&3dlo] AxALS]

Aol whet Alstr,
1

150 mM NadCl,

& Western blot
AEZE RIPAYZE=H(B0 mM Tris—HCI pH 7.4
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EDTA, 1% NP-40, 0.25% sodium—deoxycholate)o]]l protease inhinitor
cocktail(Roche, Mannheim, Germany)¥} phosphatase inhibitor 1(p2580;
Sigma, St Louis, MO, USA)¥ phosphatase inhibitor 2 (p5726; Sigma, St
Louis, MO, USA)E =3t §do=z BafAzl & 14,000 x g& 4CoA 20+
bR skl ed A 9 20-40 gl ¥HEE 10% SDS
polyacrylamide gelolA A7|9&5E Al8Ystal, transfer £H5H(25 mM Tris,
192 mM glycine, 20% methanol)& Y3, 300 mAolA 2A17F & <F
nitrocellulose membrane® 2 ZoJA|ZIt}. Membrane< 5% skin milk7} ZgH
TBST(Tris—buffered saline: 20 mM Tris—HCI, pH 7.5, 137 mM NaCl; 0.1%
Tween 20) SHofA 1AIZF bloking A%l &, TBST-S<Ho| Zzte] 1aF A
(GAPDH, BMP-2, ALP, BSP, COL, 1 : 1000)& Z7}ate] 4°CollAl 12417 o]
AF ure A AT Membraneo]] 5% skin milk 883} 221 A= 12} FAQF T
< TER Hrlste] AFRolA 1A EoF HESAIFHT. Membraing  GE
Healthcare ECL Western Reagent(RPN2232; GE Healthcare,
buckinghamshire, UK)8H 02 ZHFAA Fluorchem E System (Protein Simple,
California, USA)E ©]-&35}o] sHEZE &lelstgtt,

®
off
2,
_)H_L
i

AFET} dojxl A=E SPSS A RIS AHEste] of gl 1&
Al X (mean, SD)E 4tEstTh A HZ2 TukeyE 28531

5
FollM o] e ASsHH.

@ ¥R 5AE ol 4% FADNY SR

SAHGMIIEBSES G428 511 & controlo] §7 ofmLEjd A eF
S 62.85 + 0.48 mg/golom, o] FAAMAS Zt7to] g4 2|5 0|5}

O
felotn)icat oS SA A3, Bacillus lichenitormis +22] endoproteinase
2 43 Alcalase®]l Neutrase, Protamex, Flavoyrzyme A|7}A9] @4AE F7}
Aegh 49, Ag dEoh {8 ofn|iite] ghefo] fo]Hor FrtohgiTt.

Neutrasex= Bacillus amyloliquefaciens2€ Q1% endoproteinase©]™,
Protamex+  Bacillus protease complex2 Y& <SJil, Flavourzyme
Aspergillus oryzaeoll Al A4l @42 endoproteinase®} exoproteinase®] &
aiaty g ok AFFdolAs tHE proteasesg AHSAA THES
Bl

Ao

e o

A 29r0] A7l W flavourzyme 454 W75 AAsle] th

of wlsf| £gto] 7|7 hertal A e Aol

e

ol 2
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T 80 7HrEsiEe] otnkdl T
Enzyme Source Contents of amino acid (mg/g)
Control - 62.85 + 0.48"
Alcalse (4 hr) Bacillus sp 165.10 + 3.16°
Alcalse (14 hr) Bacillus sp 23421 + 6.85°
Neutrase B. amyloliquetaciens 281.41 + 7.46°
Protamex Bacillus sp. 267.13 + 5.20°
Flavoyrzyme Asp. oryzae 268.12 = 6.15°
Collupulin Caruca papaya 232.65 + 5.67°
Ficin Ficus carica 23212 + 4.52°
Papain Caruca papaya 206.18 £ 3.21°
Hydrolysis - 180.00 + 1.93¢

Means with different superscript letters are significantly different at p<0.05 by Tukey's multiple

range tests.

@ NEZYES

MTT assay= o] 7184 tetrazolium go] Aolls Ao nEFE
o} succina dehydrogenaseoll ©Js wetAe] &8/ formazan FHE= U]
+ Y= o83 Ao WHOo= formazan® FHEE 540 nmo| mOIA
oi7b flo. o] wpgolA SA-E FdEE Aoy diApd ez A Al &

£ Wdste Zo® nEFEDol &40 Axg ARREIL .

MTT+= AE SAE AR AldEd] ok AE A4S UeilieA] nER
Eoolo] S8 =A5= Agog AgEZo] EAo] Qo] nEFZEglolrp u}
VEH ST gro] WA vehdth. MC3T3-E1 Aol fAddmdy {2k
3 7}-’?5'—5“%—— At Afole AmE Ashr] &2 HEZ(100%) Hlul st

= 4 ARE At oA =4& YA L8k

oo Azme] Helshs ME AW 5T 50 mg-6.25 mgOE FHAL,
Proamexid AeE T AEoIAE FoHoR AmY 57 Frkot AL T
g g & gt

.|.4
O’_L4
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Whey protein Alcalase 4h + Protamex 14h Alcalase 4h + Neutrase 14h

1] 140 i
2
I e i
~ 10 = 10 b m -
) g b b g |
= Pl z
3 3w L
76 - -
7 7w A
i £ £
E 8 L K @
] 3 3
] = 20
0 0 0 !
NOR 625 125 % 50 NOR 625 13 25 50 NOR 625 125 25 30
Sample (mg/mL) Sample (mg/mL) Sample (mg/mL)
Alcalase 4h + Collupulin14h Alcalase 4h + Alcalase 14h Alcalase 4h + Ficin 14h Alcalase 4h + Flavourzyme 14h
It 0 1 0
— G e
" 1 b b m om0 L —
g " D) i $ 8
z ] z 10 Zw z 10
2w 3w = 2w
B B T B
T T 3 T w
H £ £ £
R 30 3 i
3 ] Kl 3
2
oy Z oy k. oy
0 [ 0 - 0
NOR 625 125 % 50 NOR 625 13 % 50 NOR 625 125 5 30 NOR 625 123 5 30
Sample (mg/mL) Sample (mg'mL) Sample (mg/mL) Sample (mg/mL)

9 141 MC3T3-E1AMZW AlEZF4]
The cells were cultured in differentiation medium (a—MEM containing 10% FBS, 10 mM b-GP, and

50 ug/mL L—-AA) with various concentrations of sample for 2 days. Cell proliferation was measured
using the MTT assay. Values are means + SD (n=3): Means with different superscript letters are
significantly different at p<0.05 by Tukey’s multiple range tests.

o

o
Hel AE2 5 4 Aotk A& WO ANkl e dlof FH|E o]
7 g t}. Bellows2[9] ALP7} =
shtg 27143ste] "4l gady stk 2EZAL

A7t a7t

)
rlo
r_YL O{N

weba] ALP 282 %7] 29 A x2 g ARy Zde dE2 97 &
sto] Zxe 2Hgto=z ALP 28 MEU Za oS 15Y%et oAl
deh fATEA JbeRaEe] GRE ATell 918 EAdedn ALP 48
FAEHA JtRSE 5 Protamex?t Papain 18|30 Flavourzyme B AAE]
Al 50 ~ 6.25 mg/mL AXA] Fol5HA F7HE o™ ES 50 mg/mL FkofA

E ozl 8] ke Ao® Vet
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Alcalse 4 hr + Flavoyrzyme 14 fr

Alcalase 4h + Protamax 14h

Alcalse 4 hr Alcalase 4h + 14h
160 160
- - P
WH=an| 2 W= umm| 2 & 5 s
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i s
% 120 b s I hah : 120 u
$ 10 : b { S ot
2 £
S g
i«: ot ¢ g 80 i ¢
5 8 T o
Y L
4 da
20 2
0 0 ||
NOR CON 625 125 25 8 WR CON 6% 05 B 8
Sample (mgimL) Sample mginL)
Alcalse 4 hr + Collupulin 14 hr Alcalse 4 hr + Papain 14 hr
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E h a 4 E 120 ' b b ;
§ 8
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NOR CON 625 125 25 50 NOR CON 626 125 26 60

Sample (mg/mL) Sample (mglmL)

2% 142 A

- P
=3 Aldh+ Flatdh

ALP activity (% control)

NOR CON 625 125 28
Sample (mg/mL)

Alcalase dh + Neutrase 14h

- P
=1 Aldh + Netdh

-
™
o

bb b

80

ALP activity (% control)

NOR CON 625 f25 25
Sample (mgiriL)

SEs| =0 ALPA=Z A

160

ALP activity (% control)

ALP activity (% control)

<
=

a

CINIh Puth|, &
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b
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OJH_IH

NOR CON 625 125 25 &0
Sample (mg/mL)

o
=

.
=

Alcalse 4 hr + Ficin 14 hr
160

l:IM’v Fi 14h

aa 2 g
120
b
80 o
w 4
0 |

NOR CON 6256 125 25 &0

Sample (mg/mL)

The cells in 12-well plates were cultured in differentiation medium (a—MEM containing 10% FBS,

10 mM b-GP, and 50 pg/mL L-AA) with various concentrations of sample

are means+SD (n=3)

by Tukey’s multiple range tests.

Az Za 22 5745171 91l Alizarin red S staining®] ©]-8=ich. Z
St F3-H Mol MGt

%ol sl Alizarin red Sof
MATLAB Z21ae o|as}
ShaAtt.

9l
o]

oJ A
= |

HY=E RGB #re=z yeryo]

for 15 days. Values

Means with different superscript letters are significantly different at p<0.05

=2
g0l 271 AL
ATt =%

FAGHA THEESES 50 ~ 6.25 mg/mLAA fFolstAl Zaol U6
om fAHTMA JlRSE F protamax 50mg/mL AHA|A] tjZto| H|S]
161.39+5.12 %°] Zgo] S7Hd ZAo2 UEyt., o] A¥E EU2 ALP
FAA 7Y gL & protamaxA 2] G42 As|A GAA Y 2
Western blot |4 &37+& &
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Alcalse 4 hr Alcalase dh + 14h Alcalse 4 hr + Flavoyrzyme 14 hr Alcalase 4h + Protamax 14h

200 20 2% 20
- - -
~ - i £ Aldh+Fla tdh g 3 & a i a
g i 8 5 2 ¢ 2 3 i
p L b L bl o L L
2 by, i a .g. 2 abb 1 a 0 ab 2 P!
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9 9 8 abe 6 abb
210 o 10 2 100 2 100
L) E T T
5 § ; ;
Q ! VB 5
E 50 g 5 2w 20
¢ bd ¥ be
0 0 0 | | | |
NOR CON 625 125 25 60 NOR CON 625 125 26 50 NOR CON 625 125 25 0 NOR CON 625 125 25 50
Sample (mg/mL) Sample (mg/mL) Sample (mg/mL) Sample (mg/mL)
Alcalse 4 hr + Collupulin 14 hr Alcalse 4 hr + Papain 14 hr Alcalase 4h + Neutrase 14h Alcalse 4 hr + Ficin 14 hr
200 20 20 20
- P - - VP " -
& =3 Aldh + ol 1h i i Py = Aldh+Patdn a = £ Adh+Netdh i Py 3 Aldn+Fi1dh
9 a a 160 1
~ 150 a 1 ¢ 160 as 2 g ¢ 160
[ a £ a £ ab £
9 ab a 9 ay, 2 9 ab " 9
£ £ £ £
H abb § abb H §
& 100 2 100 g & 10
v v ) t
E E E E
2 2 2 2
Q 1] Q o
g 50 g 50 E " g 50
B¢ be
— 0 = 0 L 0
NOR CON 625 125 25 50 NOR CON 625 125 25 60 NOR CON 625 125 25 50 NOR CON 625 1256 25 &0
Sample (mg/mL) Sample (mg/mL) Sample (mg/mL) Sample (mg/mL)

I9 143 fA7eslEe FAs av

The cells were cultured in 12-well plates in differentiation medium (a—MEM containing 10% FBS,
10 mM b-GP, and 50 pg/mL L-AA) at various treatment concentrations of samples for 15 days.
Mineralization was determined by Alizarin red S staining for evaluation of calcium contents. Alizarin
red S stain was released from the cell matrix by incubation in 10% cetylpyridinium chloride, and the
intensity was determined by measuring the MATLAP. Values are means+S.D. (n=3): Means with
different superscript letters are significantly different at p<0.05 by Tukey’s multiple range tests.

o 9B 2BAR ATA] 34 2 23 HYL

= FAT T-E Al £l
ARt 7+9 A5 AlE(mesenchymal pluripotent cells)?] 2dA E3ol= o7
| dlide] o5 AT, F4, 71E A, FU1Eee 2E3AEL] 2319
24 Fpgolty, MZIA|EE ALP, BMP, BSP, COL 59 AlZe 7|2
e

BMPE ZFAAME(mesenchymal cells)ollA] ZZAEL AQe] Bt FZohe=
A-go WA ol BMP7} ZZAE T 2 EE(ALP, OP, OC)
o

Collagene &2 §7|8 & K2 #HA5to, o]zlo] A4ds] P52 &
ke oM e X249 A3)et dojup 2] gl ALP B4 &2} osteocalcin
o] Aol wje F2 Zoa eyt
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AAZ collagen fFAAS]  E=Wol=  osteogenesis  imperfecta 3
osteochondrodysplasias 52 ¥o7]= Zog Az JQ=H|[17, 18], ALP= Al
xupol o] Q= TR ole|7k7] isozyme FEIR EAIICHI9]. A3]5HA]
of ALP7F SaHo® <] FEE SUMIA ndd A% SRR she
7Hd[20]0] AAE &, ALPE HAISH= levamisoleo] 8} ¥ge] QU= ZoMA|E
o] ALPE Arel Agslrt QoA 9a Aslart AdE & Agetd ww

Gt ZoR Uehtug(] ALPE B P46 oF Fad asde 94 =g
o

ditHoR FBAZE 24S FHAVIBEN3], RADAY AHeReRe] o
N EEE 2

2]
o] el digt 71:-& gelsty| fl6l 15 A B FAT ThES
wo ALPeF Zee] e HAFY, Protamex 45 Ao,
olo] 15¥%<¢t Protamex ®AZE §F MEZS MC3T3-E1 A|Zo] #z|ste] =
A #2F W 23] Western blot?H (L™ 10) 82 LHA(LE 11)& FA

7 As g gldo A ALP, BMP, BSP, COL2E FoHo= Frlsle=
ghelg & UG ERF mRNAZEA= ALP= folHor JFrlsle 7
HolEal, BMPSF BSPERE o431 S7H5 Hoq]oh

oSL' s
tlo o

0

12.5 25 50 (mg/mL)

o i

L S e | ALP

- = 8 @& s

i RS coL

T . s s | ((C APDH

% 144 MC3T3-E19] o4& =31

StAE COL1S] % fo&olA= Gt 57t ool wet §:2 Ud
o] F7Fsh= zﬂg el & 4= Qlqith. ER el eof o] ALP, BSP, COL,
BMP2| W2 f-xxedy} FUtt FS BTt old] MEo Fxrt &
obflel wet MC3T3-ElAZe] 73 & %o JaF& vxe= AR Rlsgl
T},
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Relative ALP mRNA expression
Relative BMP-4 mRNA expression

CON 125 28 30 CON 125 25 s0

Wiey protein alcalas 4l + protamax 141 (me/mL) Whey protein alcalas 4h + protamax 14h (mg/mL)

] L ] : s g
2 = = Z
7 ] ‘
£ -4 £
= - -
= < g
o < =
z ! Z g
= E E
= - ~
= = i
Z 2 g
@ o 5]
> 4 4
Z Z =
2 = =

2 4

CON 12.5 25 S0 CON 12.5 25 50 CON 12.5 25 S0

Whey protein alealas 4h+ protamax 14k (mg/ml.) Whey protein alealas 4h + protamax 14h (mg/mL) Whey protein afcalas 4h -+ protamax 14h (mg/mL.)

% 145 MC3T3-E1 AlZW mRNA 2=

The cells were cultured in 6-well plates in differentiation medium (a—MEM containing 10% FBS,
10 mM b-GP, and 50 pg/mL L-AA) at various treatment concentrations for 15 days. Values are
means + SD. (n=3). Means with different superscript letters within a row are significantly different

at 70.05 by Tukey’s multiple range tests.

FATNY F PR P ERY protamaxs MR RHWEA 7

Fesles 7 2AEE 28 29E A E"*E’r protamaXJ axo *JE“
% =i}
A

AT Al e o] FhE Yehhed, ol
230 Aol glo] BA| wet ante HeAZE A

Soto] AES] ALP 3 B H8jate] gt 2NE foldom Ax: Rck
ol RAT AFEARES AF W B Aestel G mAAT Bad
REAAL FoHel Hol7t Gtk Ao FNE =5 shech. olo] FArwrd
232 o AUsH ol BalwE AES 92 "ast grkn Az gt
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Whey protein UF 1|3l
B Whey 3MW 0] 4
1 Whey 3MW 0] 5}

500
a

e 400 J
=
S’
-= a
5] a
- 300 J
E ab
E b b b B ab
=

200 b 1
<
)
=
)
@ 100 - 2 .

0
NOR CON 6.25 12.5 25 50
a9 146 fRhlaRslERelEE g4Bt

The cells in 12-well plates were cultured in differentiation medium (a—MEM containing 10% FBS,
10 mM b-GP, and 50 pg/mL L-AA) with various concentrations of sample for 15 days. Values are
means*+SD (n=3) : Means with different superscript letters are significantly different at p<0.05 by

Tukey’s multiple range tests.

- . _
JE—/BI EI §}- ?%1 }‘é = % ;g I Original Whey protein
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a
2 4000 i
&) i Ly a P
[
3
3000 B
x bbb
=
=
=
o 2000 4
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?
U 1000 B
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0 [
NOR CON 6.25 12.5 25

_—_La] 147 _:_/H gg].oé/l = é;@
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@ 94 A ANSEARS i vivo 4% 27 29l ATED rap)

3579 9] Sprague-Dawley 7 3FHE T4 A+4 5= (*1%, k) ol A 2|
st AE 6 wE SE2 AT 4 OF°7 URAY 3 uEl9 3 HE
Etag Aolof] Yok A F AW = 24 £ 1°C, H7] §5+ 60 +
5 %, 7Fg Ato]2(12 AZF / 12 Aol FAE AL AFa o] S
nj 23] BYE

@ dd4 4A

Ae 71kt ol A %% 4 Foz2 Rtk NOR; HAAS Ad 1%
Whey; %4 whaidAo] @9 (600 mg / kg); WPH-L : % thiirj=H3|
E(Protamex) AJo] (300 mg / kg WPH-H : 3 wiirl-=EaE
(Protamex) 4lo] (600 mg / kg) ¥ 4 1579 =& 4 5 &< vid A &
of sttt Atm AFAE, = A", AT R Aol Zdolg 3 dntty A5}
Aok 4 F 5 74 oAy A 9l Tk Belee] A 53 2= @
Aol FdolmE FH w2 AAsto] s RN SRIEJIH.

APH A8 717ke] BoAl, SD-ratE-e 345ty A
o 3 HL olitElErAR oA} AP oW 2R 23 Fol 35t BHAL 9

@ Wsisrd An

A4 W Insulin like Growth Factor -1 (IGF-1)9] &2 Ratg IGF-1
(Insulin like Growth Factor —1) ELISA kit (fine test ER0030 Wuhan Fine
Biological Technology Co., KOR)E A&sto] A|ZXAA SHHME FZ5HAT.
23 Y EgZE Agels (TG), Zxd (Glu), £ ¥ 4HE (TCHO) %
e AT ZYAHE (HDL) S 52 @HEA7]  (Dri—chem 3500i, Fuji
Photo Co., Osaka, Japan)& S3l ¥H&s}3Act.
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% Zs (Ca)?t Alkaline Phosphatase (ALP)+= €HE47](Dri-chem 3500i,
Fuji Photo Co., JPN)Z =74 s}th.
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AE'H” "ol FAoZ2HE g Fast 59 HEIE ofy gt HA| R2
2 0.950]11 XeF Y #FHE A5t 42 D R2+= 242+ 0.0277F 0.0030]t}.

2 48 A7t B9 4 % para—formaldehydeol| A ITAA|Z|AL, 24 A
6 ethylene diamine tetra acetic acidoll =224 3|5 43 o}
(Sigma Chemicals Co, USA). 30 % sucrose & &7} o]E F°

A2
0 %

Zt MEL sliding—microtome 2 40me] FA2 & WeFo
_]

2 AxHAh olF cresyl-violetS AHgoto] Alzo] oA dAF HEZE
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@4 sheict.

ZEo|EE 3 B 53 SFFl, 5 & Bt cresyl-violet solution, 3 E &<
50 % ethanol, 3 & &<t 75 % ethanol, 3 & 5<% 90 % ethanol, 3 & F<F
100 % ethanol 2 10 & &<t xyleneoll HAJA|F T,

Ao AME ¥ 0.5 % cresyl-violet solutione t3 o] Ax shT
cresyl-violet Sigma(Sigma Chemical Co., St. Louis, USA)ZF¥ o5}t
cresyl-violet 2.5 mg SF5 300 m¢, 1 M Sodium acetic acid(13.6 g / 92 m
30 me) B 1 M acetic acid(170 mfe] x4t / 170 mo] S/FF)E 7 4 &<

WHFAIA ARE-SHI T

permount -§NHI AW FEA. AT Foli= 3 o] A ZhZte] dfsf Image
] 2ZEYo|(u]= NIH)E AHgste] A1 o 3

S ALt skt

100 micromatar

A
a3

oft
)
{

L@ + 5E BAE e Bed 49 18 7 ng o 2
A (ANOVA)S 43fot1l Statistical Package for Social Sciences version
12.0(SPSS Inc., Chicago IL, USA)& AR&sto] Tukeyol ths ®9l HAEE A
&sto] AE ZF ZolE AN

rlzm@
r

A

@ 437 A9 AF, a4 HAF 2 a4

A9 a5 A4 VIt B AT e
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Heiglon, A% 179 dF= ke B 7] ASE 7H

4 A #(Whey, WPH-L 9 WPH-H)& tizl HIs| AlF S717F S7t
Sh= Aol Ul 7o) o Zpole ¥HEE A Attt WPH-H(@8.24 g / )&
Eo] gF HEL 28 & Fof gix2w(7.21 ¢ / D)9 FHET G5 <0.05) ¢
B2 7t AE Euth

I3y Whey(7.70 g / day)@t WPH-L(8.09 g / day) Atole] AF F7tole=
9] gt ztol7t fidith &4 AR S 4 ) 1Etl Aozt glsith

2. SD-rat®] A% &vprt

it

o1 EfE fAVMAT FHDAY SR
o s
=

oloj o
A AT

81 AS. =4 4H % 27T
NOR Whey WPH-L WPH-H
Weight gain b b
7.21°£0.63 7.70**+0.09 8.09°+0.11 8.24*+0.51
(g/day)
Food intake
19.93%+0.31 1991 £ 048 19.34 + 0.32 19.49 + 0.62
(g/day)

Drink volume

23.86™+0.10 23.08 + 1.78 23.67 = 0.48 2459 + 0.85
(mL/day)

NS ; not significant. Values are mean + SEM (n=6). Means with different superscript letters
with a row are significantly different at p<0.05 by Duncan’s multiple range tests. NOR;
normal control, Whey; Whey protein 600 mg/kg/day, WPH-L; Whey protein hydrolysates 300
mg/kg/day, WPH-H; Whey protein hydrolysates 600 mg/kg/day

@ #2702 93 A
7} 9 ol g /1% FAE ofelmel ueglck. 4 2o) A% PAL o
2 23 ok gstort ol Aol felsha sk,

AR, 2 HA BAE 4 2 el 99§ Aol §lgith. Whey, WPH-L @
WPH-H 1% Wl 7]3 Wit 2@ S%31 2 wga4e wsks paws
ororeh (ol EAHA L),

olefg A3t Whey, WPH-L 8 WPH-H 1] Fof © 450] 77 £of
7} erdstts A & & grk

NOR¥} A7 (Whey, WPH-L, WPH-H)ol gt €& =& 2o #Hal=
I 119) QoFgloeitt @4 2 A(TG, TC, HDL- Z¥AHE 2 DL A
HE) $32 NORS A3 18 (Whey, WPH-L @ WPH-H)7te] S<Jn]3t 2}
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WPH-H
1.2601 + 0.12
2.5028*+0.19

11.5789 + 0.67
0.7396 + 0.04

WPH-L
1.2539 + 0.08
10.8250 + 0.83
2.3087°+0.13
0.7709 + 0.05

tole]

Z
Whey
1.2800 + 0.15
11.8443 + 0.92
2.5623*+0.18
0.7299 + 0.09

A 579

Normal
1.2507+0.15
11.4748%+0.96
2.4160*+0.16
0.7002™+0.10

ol7F AT

Organ (g)
Heart
Liver

Kidney
Spleen

B

+ 9.62
+ 15.16
+ 14.62

WPH-H

9183

90.67

56.83

+ 528
+ 11.13
+ 16.65

WPH-L

50.67
80.00

90.83

+ 534

+ 945
+ 22776

Whey

88.17

53.17
93.17

Normal
56.83%+7.14
102.83™+10.42
107.33"+23.91

Parameter
HDL—cholesterol
(mg/dL)
Total—cholesterol
(mg/dL)
Triglyceride
(mg/dL)
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Nz Ae #+(Whey: 12.67 mg / dL, WPH-L; 12.73 mg / dL, WPH-H,
- 183 -

o] k2 W2 AR Wb




1220 mg / dL)-& NOR(13.60 mg / dL)oll Hls] €4 Z& Bx7F Z4s)H

rr

ALPSE 24 SES TANS W §o14 HolE Holx A SD-race]
Aol AT AEd TheRoEe] £ TS Ae IS B
ol Aog Alg =t}
I 84 HALPZE B ZEY 47
Parameter Normal Whey WPH-L WPH-H
ALP (U/D 1231.00" + 11529 1277.67 + 25252 131633 + 7575 1401.33 £ 57.71

Calcium (mg/dL) 13.60" + 0.36 12.67 £+ 0.06 12.73 + 0.12 12.20 + 0.35

Glucose (mg/dL) 281.33" + 5232 255.00 £ 693 25933 £ 16.62 26333 + 49.12

NS ; not significant. Values are mean + SEM (n=6). Means with different superscript

letters with a row are significantly different at p<0.05 by Duncan’s multiple range tests.
NOR; normal control, Whey; Whey protein 600 mg/kg/day, WPH-L; Whey protein
hydrolysates 300 mg/kg/day, WPH—-H; Whey protein hydrolysates 600 mg/kg/day

@ Serum Insulin like Growth Factor—1(IGF-1)

IGF-1& 4% S22 ofgh o] what 7+ 9 7]ef 7|kollA A= T ol
A}, o] AL Zot AIE U AT AmH 44, B 9 /14 ¢4 BHL 22
gt

ES IGF-T& 21 wo] At stefat dof Aol Tast dd< s= o=

=2

A = " x2S ®Hgte 3 FolA 12
T Afolo] FolA zpolZb Uit BR|EALE, IGE-19 =2 Fof 3, 12 FH
ol A=t =Hw o] 22914 o A SACE AR M

44 IGF-1 =& & 14°] Y&l J1& 2o zolE 117 179 vetligl
. @34 IGF-12 NC (1575.71 pg / mL Xt 5387 (Whey; 1580.21 pg /

ol

IGF-10] 24 Fof % sfo} 7}y
iKe3]

o,
FrE
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mL, WPH-L, 1658.61 pg / mL, WPH-H, 1683.28 pg / mL)ol|A 2%} ¢
UAT o) 2b= it

Hir

24 U 99 A For AFo] MU G ZAGHA YA o]
A izl Hle gARAT AN S RdRe] AFAe Byon E
8 ZAEeh2ol IGE-19] Hulo] antael Ao Arg

NOR Whey WPH-L WPH-H
1575711+ 123.18 1580.21 + 79.55 1658.61 + 107.72 1683.28 £ 92.36

NS ; not significant. Values are mean + SEM (n=6). Means with different superscript letters
with a row are significantly different at p<0.05 by Duncan’s multiple range tests. NOR: normal
control, Whey; Whey protein 600 mg/kg/day, WPH-L; Whey protein hydrolysates 300
mg/kg/day, WPH-H; Whey protein hydrolysates 600 mg/kg/day

Insulin growth factor-1

o
L)
=

[
—
=

[ o
=] =

Difference between sample
=

and normal (pg/ml)

20 |

ns

NOR Whey  WPH-L WPH-H

13 150 Insulin like Growth Factor—1(IGF-1) £H]

@ go] W A W AP

rfp
o|X

7}

Whey 1ol §7 @®& (600 mg/kg/day)= stal WPH 18] 4 37+
8% wuE A —Erﬁﬁ% (WPH-L, 300 mg/kg/day, WPH-H, 600
mg/kg/day) Z+ 15l oIt F 0eF w AR FUtol dis Alm A7 <Lt
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NOR 9] zto]32 ot TIde] vet 5T

Whey, WPH-L, WPH-H 159 A% A7o] ™ % S7F 32 2H2F 39.10,
39.65, 40.63mm 31 NC 159 A% 38.18mmeo|a, G2 st Apo|7F Q1)
t}. (p €0.05) NC ol Hls] A& &+ (Whey, WPH-L, WPH-H)2|] F7I7F 4
B} T
A 74

o] Hrfe] xA A
A o7t AA B St AvE7] wigel. o Fo AW =olg 53
Shoith.

Whey, WPH-L, WPH-H w2 NC ol Hla A&me] wol7t {2t =
oz tHp <0.05)

Whey, WPH-L @ WPH-H¢| A#4w o]t 34586, 353.32, 399.23 xmO]
otk NOR 1&°] AL 289.66 4 m$iTh.

9lo] A= Whey, WPH-L @ WPH-H7} SD-ratolA] A&wte] Aa-s £3

AR Aol F2 A9l F7ke BaE Ade] geE vehdth A AR
AT @2 Ame] ZA3 AT ALe] 2sls Fo W 4Horel g
o] Avfolct
§4 S §4 9l she Bel Ae] wE Fo] At Aze] 4%
2 20470
b T 0]
NOR Whey WPH-L WPH-H

Growth plate (xm)

289.66°+39.59  345.86°+32.96  353.32°%30.30  399.23'+21.59
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Tibia length
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2 & ost
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NOR Whey  WPH-L WPH-H
a9 151 A=7Zo] Ao
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a
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g 80 |
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z £

52 !
o = 40t
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=

20 |
[
0 1 B2
NOR Whey  WPH-L  WPH-H
a7 152 AW Zo] Hlw

LRS!

L. helveticus2 a ¥ $8= SHROJA wo] f2gt a3 H¢ o BMD
£ 37711 BMCE & 9 €% $FEt § @Wo] 54 ot 9 Zao

A FAE HEefolt {32 AFE H dbg|Eoto] E2lQl
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et e}~ A WE] FEA(Lactobacillus  helveticus)o| 23 HaE= I
g HWEE olaAgFA Y - =ZEY (IPP) ¥ e - ZEY - ZE

(VPP)& A4ttt

[PPe} VPPe} mp7}2A 2 B, subulis?t @A B
= /MI7Ie EEAA g2 4R JIRE A" 4 ot

Whey, WPH-L 9 WPH-H¥E NOR o] Hls| BMCO %715 yeidi: 7
Fol AR, o] #ol= fofobA] ¢Sttt BMDE 2WbHo= Alm Ae o
A BMCS 54% 432 e, NOR 22 7MY 52 #28 BYh

BMDE BMCZE Bone Area Zto.& U= Zrold], Bone Area Z©] NOROJA]
7Pg @7l miZe] BMDZF NOR #ollA 7Y =2 $AE HEAUth. Whey,
WPH-L, WPH-H 1159 BMC #=2 27t 298.60, 306.13, 317.35 go|lxt
NOR 159 BMC & 296.55 golaitt. BMD 4#&& 247t 176.58, 176.15

2 179.83 g / cm2 93, NOR 9 BMD £#&& 181.25 g/cm*@ o} G2t
+ AU

& 87 455 =4 A%

Parameter NOR Whey WPH-L WPH-H
BMC (mg) 296.55+7.26  298.60 +27.72 306.13 +24.10  317.35 +£27.70
BMD (mg/cm?) 181.25"+8.78  176.58 + 8.59 176.15 + 7.41 1719(')855

Bone Area (cm?)  1.59™+0.07 1.69 + 0.12 1.74 £ 0.13 1.76 £ 0.05
Bone Volumre (cm?®)  0.18™+0.00 0.18 £ 0.01 0.19 = 0.01 0.19 = 0.02

Bone length (mm)  38.18"+1.00 39.10°°+1.41 39.65°+1.25 40.63*+0.30
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Coprfiffente Mo 015001760178

ORGANIC PRODUCT CERTIFICATE

Certificaiz HaldersNeo Cramar Ca. Lid

AddressiA-T14, Hyundai Knowledge eenter, 11, Benbwon-ca 11 -gil,
Songpi-gu, Seoul

Frocesser:Neo Cronrar Co., Lid.

Address: A-T14. Hyundal Knowledge center, 1 1. Beabwon-ro 111,
S pli-gn. Seoul

Cuwtegory of certification: Processing
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