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SUMMARY

Milk is a rich source of nutritional components and contains biologically
active substances. In addition, various latent bioactivities of peptides are
generated by digestion, enzymatic hydrolysis or fermentation. Physiological
peptide derived from milk with scientific evidence have been described in the
literature and some of them are available in the markets.

we have focused on the bioactivity related to bone health since
osteoporosis 1s a major health problem in many countries including Korea.
Therefore, this study has been conducted to develop processing technology for
the production of bone density enhancing milk-derived peptide.

Among various enzymatic hydrolyates, basic fractions of whey protein
hydrolysate produced by Flavourzyme (5% based on protein content) showed the
highest growth promoting activity for osteoblastic MC3T3-E1 cells. The
optimum hydrolysis temperature and time predicted by response surface
methodology was 54C and 140 min, respectively. At this hydrolysis condition,
39% of whey protein was hydrolyzed and 79 peptides were generated. The
estimated average peptide chain length and 2.8.

Depending on the conditions for enzyme inactivation, the growth
promoting activity for osteoblastic cells in whey protein hydrolysate was
changed. The growth promoting activity in whey protein hydrolysate was heat
resistant (85C, 5 min) and remained in the soluble fraction at pH 4. The active
peptide fraction was effectively recovered in the soluble fraction by ethanol
precipiatation (30%, w/w) and the recovered activity was close to that of basic
fraction obtained by cation exchange column chromatography. Based on the
result of reverse phase HPLC, ethanol treatment removed hydrophobic peptides
from the hydrolyates. This results suggest that the active component can be

concentrated by the treatment of heat and ethanol and can be used for rapid



large scale concentration process.

The whey protein hydrolyate showed excellent solubility and turbidity in
wide ranges of pHs whereas it had reduced emulsifying activity. The sensory
quality of whey protein hydrolysate (05 and 1%) was examined using
commercial amino acid drink as a carrier. There were no significant differences
in the intensities of sensory attributes including sweetness, bitterness, saltiness
and umami. However, significantly reduced sourness was observed in the
samples containing whey protein hydrolysate. This result was due to the basic
amino acids contained in the samples and the samples containing whey protein
hydrolysate showed significantly higher pH than that of control.

The growth promoting activity for osteoblastic MC3T3-E1 cells in whey
protein hydrolysate were not significantly changed up to 1 month when the
hydrolysate was stored at 4C.

The proteolytic activity of various probiotic bacteria were examined and
three probiotic strains (Lactobacillus casei ATCC 393, Lactobacillus acidophilus
ATCC 4356 and Lactococcus 449) were selected based on production of
non-protein nitrogen (NPN) and free amino nitrogen (FAN). They showed high
growth and proteolytic activity when they were incubated at 37C for 15 hr in
the medium containing 12% of SNF. At this condition, generation of small
peptide about 1 Kda were observed.

The growth promoting activity of milk protein fermentation products for
osteroblastic MC3T3-E1 cells was tested. Among the fermentation products, the
products by Lactobacillus casei ATCC 393 (LC-393) showed the highest
activity. The significantly higher levels of biochemical markers (alkaline
phosphatase activity and osteocalcin mRNA expression) indicating enhanced
osteoblastic cell proliferation and differentiation was found when the whey
protein hydrolysate (WPC-H) or fermentation products were added. In addition,
apoptosis of MC3T3-E1 cell were significantly inhibited in the presence of
WPC-H or LC-393.

,10,



The changes in protein profiles of MC3T3-El by the exposure of
LC-393 were examined by two dimensional gel electrophoresis. Total ten protein
spots with three—fold increase or decrease were observed. Among them, four
proteins were identified by MALDI-TOF. Especially, Eva6 protein exhibited high
homology with fibroblast growth factor (FGF) receptor 3. Recent reports
suggest that FGF was one of growth factors for inducing the proliferation of
osteoblastic cells.

The effects of WPC-H or LC-393 on bone metabolism were
investigated using the ovariectomized (OVX) rats. The final body weight, food
intake and food efficiency did not show significant differences among treatment
groups except sham group. The BMD (bone mineral density) and bone strength
of ovariectomized rats were significantly improved (p<0.05) by the
supplementation of WPC-H (2%) or LC-393 (2%). The activity of bone
biochemical markers also increased in the group containing either WPC-H or
LC-393. The concentration of C-telopeptide collagen type I, the bone resorption
marker was significantly decreased (p<0.05) in the group containing either
WPC-H or LC-393. Based on the result of dosage trial, less than 1% of

WPC-H or LC-393 supplementation was enough to enhance bone density.

,11,
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Table 1 Characteristics of proteases and hydrolysis conditions used in the experiment

Optimum condition

Protease Characteristics
pH Temperature (C)

Fungal protease
Flavourzyme 5.0-7.0 50 (50)
and peptidase complex

Protamex Bacterial protease complex 55-75 35-65 (45)
Neutrase 0.8L Bacterial endoprotease 55-75 45-55 (50)
Alcalase 2.4L Bacterial endoprotease 6.5-85 55-70 (60)
Pepsin Mammal protease 2.0-4.0 37 (37)

Optimum temperatures means suggested optimum temperatures by manufacturer.

The actual hydrolysis was carried out at the temperature in parentheses.

EAAY w2 7528 & (degree of hydrolysis) =73

Al g9 7t sl g =& Nielsen et al, (2001)¢] ®Hel wet dithiotreitol®] &
A lel] dojut= olm 7] 9} o-phthaldialdehyde(OPA)7F¢] HFAEHS-S o] &3} 340
nmoll A FHEE Ao AA peptide T 7F-Edl ¥ peptided) %= F A3
ATh

HREAE f AR
Spellman et al. (2003)9] el whe} o] =79} o-phthaldialdehyde (OPA)7Fe] h4jul-g-

=l

g Elo]=2] S=(average number of peptide bond):=
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DH: 7}&8&, n: 7t5EaE Fafgetol=o & N gl d2aie] dx|felo|= &
n=(AAbs x M xd /EXc

AADbs: 7FFEESA T AR FHE(340 nm) AF, M: AlE9] H A 7H(Da)

d: B A4, e 340 nmell A1 F3A157(6,000 / mol cm), ¢t T A F = (g/L).

MEFo] =9] Ao](pepfide chain legth)= T2 & 2Adll ot AlLkalsith

PCL = (Nt -No) / (Nk = No)

N No Nii= 217} OPA WP o2 Ast A4 7128 &, 7238 5 free amino groupe] 5

Ao A AzxHE FAHEHA EBEIE] i EAH H EAFES vustr] 95k
Yamamura et. al (1999)c] #A3 WHPH 40 ZH — 942(@0C, 10 min —
ethanol* 2](30%) — A& A3 5)S ol &ste] AEE Agsta Z} dAA YEy=
Algg Mo dulz e profile @ MBPE A EHE 7)Ao 73 gdald B3 &

Aol P8 2AVSH .

2) @93 33 2 profile ¥ 3}

Zb A A FE&AG o R EAstE ] e st= Folin-Lowry ®'H
(Lowry et al, 1951)o 2 =43t o1 ethanol Mg F EA3= wwldol shak W
s}e] =74 Aol Rotary evaporator(Eyela N-1, Tokyo, Japan)E& ©|-&3}lo] A]&9
A8 ethanols A7 $ Alm &40 Ru& SRTE st SAATH
gl g ol profiles FARSHZ] 918k SDS-PAGEE  Laemmli®] % (1970)o]  whet
Bio-rad mini gel apparatusE ©]&3to] 3.5% stacking gel, 12% separating gel< A
zsko] A A8kl
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3) Cation exchange chromatography £4¥ &

MBP % 7FrdeiE25E d7]4d dud £95 Zgstr] flste] ARE
SP-sepharose resin(Amhersham pharmacia biotech.)¢] 2% column(15 x 100 mm,
bed volume 15 mL)ol 3 F AKTA prime system(Amersham pharmacia
biotech)oll Z23tHTE FAdHA AlEE 667 mM sodium phosphate buffer(pH 7.0)2]
NaCl 5%& 1 M7HA AdA o2 F7HAA 4 mL/min® $%E=2 &&33om 280

nmell A FF=E SAs0n

4) Size exclusion chromatographyo| &% #d¥ &
Cation exchange chromatographylA £&% 97|14 ©uid F 3o FA
S FA37] Yste] dxAH o R AFZ Sephacryl S-100 gel filtration column(16 x
700 mm, bed volume 100 mL)ol| U3} 6.67 mM sodium phosphate buffer(pH
7005 o] &3te] 05 mL/mine %= AKTA prime systemolA] £&FAFH o™ 280
E S48t =23 s B AAFAAANA dojuyts dd A
Zo] wistE B Wes] dEer] flste]l 2 ZAl G d A E(1%, w/v)E HER]
o

H
system(Amersham pharmacia biotech)ol] @1 Z3&}o] FU3 WHo g 7peis o o
Ao #Fx HeE SASAH. o uw wwdE g oglEle]=e &2 100 mM
Py
|

sodium phosphate buffer(pH 7.0)Z ©]&3t%9 2™ 05 mL/min%

5) Reverse phase HPLCol| &3 a4 2 E3&E9 AHA

T A 7RSS cation exchange chromatographyell & A€ 714
23 guixldo=rm 34E A FEE van der Ven et al. (2001)9] whio] uwle} Ak
HPLC(Jasco, Japan)E ©o]&3lo] AA|stAtt. Columne HiQ sil C18W(4.6 x 250
mm, Japan), detector: UV/Vis(2075 Plus, Jasco)E AFgslgloew 25TolA 05
mL/min®] F&o2 Al5E olFAFL. olFde] AL 15 3 100% buffer
A(water, 0.13% TFA)Z Al#ste] 1128 % buffer B(100% acetonitrile, 0.13% TFA)
7F 80%7F HEE stAvh 7 AR d@iE FEE 6 mg/mLeZ FA3Y auto



sampler(AS 2055, Plus, Jasco)& ©]-83}lo] 20 uLE columnol ¢35t
oo WA FRATEEY Y4 2 giFo AR &3

271 WPC AlR9) wud WA oRrh §3 Fol E£Asts 9714 Bvd

2o B 2 850 A g 2] Slskel AR ALET WPC(Z%, w/v)
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Aol e FHGNE 24 HAdEE F43817] 98] Donovan and
Mulvihill (1987)¢] el wha} X 5(2%, w/v)E 50 mM phosphate buffer (pH 7.0)
of &ajA171a ZFEA (75, 85, 95T, 10 min)d ¥ pHE 452 ZAH3o] 8000 x g
oA 20 ®3F AEAT) sATh pH 2=AH A Fo Ao EAss A

Sheko]l WM3lE WAL (%2 FA3
3) 7t1¢AYN nE e E, 471899 d £ ¥

7FEAY & 7eia&e W3 9 cation exchange chromatographyell 2] 3F

BB Was 94 AN PHon 4k
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FAGHE FE S 9 2TIAEY] FuEA FAT|dd ARk
(F)NA AE FAHEDLS SFTFA FLs T(5%, w/v) 3] o F(ultrafiltration) &
AAste] w8l o e ko]l Wstd AlRE AlXEAT Feodie
Amicon ultrafiltration unit(Beverry, MA)S ©]&3} o Ex=F 10,0009] membrane
= FFstal 4T A2AdA AAste] w5 doju= AR WEtE FHAs
st om HEFAOR VAR 2, 3, 47 HE FHAIEE Az

2) pHSl dAele] hE B4 Az}
pHS} dAele] me wadel wyol x3Axze] 43 MAs 93 =
Ash7] sl A E(F R

10, 20, 30%&3F 247k 7pdsie] dvid WAEVE UE A RE AFsal ZSAE

3) W& EHE 4 (response surface methodology)dl ¢]g AZFA S H A3}

AgAdo e] A3t Flavourzymes €4 3 dWd e Ais 9s &
AR sk, sheiel 2% B wEAS SHEs R dAste] vhgEH 49 A
& o] S Table 2.9 7o) 5719 F302 coded}t sttt =3
=4 ¢-A] Al 8 (central composite design)ell wak 117] 9] 7}
Y 7R s, ZZAZTAFAETMTT assay), Z3AEE3IA Z(ALP activity) 7} &
= Yevbs R (Y)S e 22 v 3] Al A 8AZ

el =ds s

a9

Y= fo + BiXot BXo + BX0E + BXo© + BoXp +E
Y: response variables, [lo: intercept, [, [lo' regression coefficient, X;, Xg' independent

variables, &: random error
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i ver 6.08)% ©]8
istical analysis system,

Data #2412 SAS system (Statistica

™
wooR a
o Yo T 9 o
o T3 e ! -
\mﬁ M < KA..u Ex_ o 470! = 5 ,Mlo o Wﬂm NE
\_I_,_Al M Ko — OME b = o) ﬂ\m_u \M.M %o e
o TN R o W I o
f 5 N g gk B oF <
ﬂ .me \WOH ‘KO E A_.A - ‘mw 9} ﬂ
& & 3 W U ) W
T = 18 9 i T o = E 2 o5 T
do _ G gy S s X o
< = N e S > KA
= = - N Mm m D = ay .
R & 2 T w O - o R
o [} S < i R x 8 XN T
N C el s 5 o T ~ X ) S = w B
15} 3 F B K ol o g T F v
i o1 — o o TS v 3 B3 s
o ) o = % T 5 R B = Pt
= o ofp
g 5 0 o X o d{- AT ul T o
5 2 T8 9 LI oMo g W W o © oy W
o nn AT 2]
5 3 ol B E xR o ? e 2
- = S G AT o W E
o]
= & Ie o M4 oo HT W . No = 9
W IR IR [\ = N I ﬁi — = Ior o =r .WE
o + _ al 3| =y C o ) o = ‘ﬁ|1_ ™
< < %0 & R T o oo
. . B ® ¢ x PR w g w e
o iy = Z N o< ® oF w N ow T f o N
o 3 e | == F oo T £ g b A
I 2 = X ) TOK ~ o X0 =
~ o g 2 £ w F W W T e ny m W
EE &o c - © m ~x T ‘Dl o " .ml ! ﬂ
= = S35 ° ) oo X op (o N
Lo - $< 8 3 i _MM =~ 3 G+ X ow T T X
z S §s| E & i T ox K 2T
,Dm % 2 & -F s 3 LIRS A”o o E B g LAE Ko 73 =3
o) — - U Tr - . ‘ ,Zﬂﬁ o
5 3] < S n 2 o —_ ~ 0 =3 N a N
8 5 > s T 0 o g R =
g Q = SO of T oy = 1 ooz op woR o
SHE-E EEl =3 oﬁ%mﬂﬂﬂﬂmw W g
= & o S S Mo = & e R T G+ ol
SO o RO oo B
Z 9 2 Rl oW R R i %ﬂﬂﬂa}ﬂ m il
&} Qo T = " - s o rc ™
o < LR do A I SHCh: ~ N
LN &= > ) N o il TR N T 0
~ < <o 9 — oo TOK
HJ_ cnu B No <
‘.m—l 0
oo

I — ol ges A2 (30%, v/v, 30

[

@ 7



@ 7FEe - EA2AE(8BT, b)) — JdErE X8(30%, v/v, 30%) - S24Ax
@ 7FEs — pH 4082 ZAHUN, HC) & 244385 C, 58) — pH 652 =4
(4 N, NaOH) — &2 #2](30%, v/v, 30&) — 5241d%

84 FAERE AREATY ol 5H5H 54
A 71ed WEEW BAL Fojel Aol BHRYe] AH Az AN 2T
Aol B FAeks ApRaRe Axsa O9d pH 2 AR =4 (5T, 15

1) €3 = (solubility)

Gl es= Mine(1997)¢] W& 45 wWdsto] SAAT A2A A8
(1%, w/v)E pH 3-99] 958 d(pH 3-5: acetate buffer(100 mM), pH 6-7: sodium
phosphate buffer(100 mM), pH 8-9: Tris-HCl buffer(100 mM))oll ¥ i L3 wHk

Lol A 3087 WHks B 15000 x go] Z7lelA 307t WAEe STk ANE
gl & dojxl 45 NS membrane filter (045 pm)Z o3 T AAIEZ A Fof A
T odmde] g WstE SA45to] ofg o] Hom g =E At

|l (%) = (e $ A5 vzt / AR A AR did ) x 100

A8 gz e Lowry B (Lowry et al, 1951)S o] &3to] =433t}

2) &Y % (turbidity)

A5 TEgEE= Matsudomi et al. (2004)¢] WL AR WMo HAASA

m
of E8EE RS A=
<
5

o 7tEe UHA #9 vialdlA 80T, 2087 AAsg e 7tE A WPC2] &%

3) A & (viscosity)

Al 52(25%, w/w)E A A A tfdst pHel buffere] €dA17] & vacuum

desiccatoroll Al AEES AASL A8 AxE =AY AEE 60 mm dia cone
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& plate geometry(angle 2°)E AF&3}o] 5-200 1/s¢] = H S E(sher rate) ¥ ol A
rotational rheometer(AR 2000, TA Instrument*p)E © LA RE
o] AxEAFKISY FeATATMTY AdFs 5484 b5 2] Power law

model £ 3l A 8} <3 T}

ofo
ol
o
)
N
o
ol
o
32
o

K AZEA$¢ (consistency index, Pa - s")

=
n: %57 % X4 (flow behavior index, dimensionless)

4) A =A% 5% (gelling properties)

Azel A PJA5HLE TA-XT2 Texture analyzer(Texture Technologies,
Scarsdale, NY, USA)E o]&3dte] FAstdvh. thds pHe buffero] &3l¥ A&
(25%, w/w)E X8 AES A7 st Jallatin casingol] Ho] ¥E3 & 80T < water
batholl A 40 #3t 7}d3le] AL 83*35‘}95\5}. AR 7Y FolE Ao 30 3¢
WztstA om 4ToA 24 AF A4g & dwste] 953 (Dia. 30 mm x 20 mm) <]

ANRE Adary £A7ke 24 Aot 5 mme] A4 7 4% probertolol
305 mm/se] AT FEZ 30%9) WPo] UoUEF 28] PFH-BAS AA|F

gt 227 EA L Texture Expert SoftwareE o] -83fo] A4kal <ot

5) 3 &/ (Emulsifying activity index) ¥ <¢tA /4 (Emulsion stability)
A8 #35HE Emulsifying activity index (EAI) 8 (Pearce and

Kinsella, 1978)& 44 W3y ste] FA AT A=1%, w/v)E 3l pHO =8

o &aAzl & 8 mLY A& 2 mLe Corn oil(Sigma, USA)S &3%3te] PH 91

homogenizer (EYELA, Japan)& ©|&3le] 18000 rpmolA 1 &3+ #3335l FdES

FAsIAT F3t=o FA4 A 01% SDS goow AdatA 34 g F 500 nmell A

FEE SAI e g9 EAI formulag ©]&3te] f3ts#H S @A

EAI (m%g) = 2T / @c

T: 2.303 x ODsy x dilution factor/0.01 m light path

ool
ol

¢ concentration of protein

@ oil phase volume
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ekt 42 Moro et al. (20018 WS ol&stdth. FatEel 4 FA F3EA
g8tal(EAL) 80CeolA 30 23 @A § AoA 2443 A eto] #3424
= A (EAL)SR e v Aoz Faetgds Ats i
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%, HAR FEE 07 AR Yrsrd

(Dl M ¢ EHOR FAISG o 7 S oFgH(D)ell A w9 e
oz Agsdt AAE A8 22E 10CTE FASESE stger 3 71A A8
o] Fr7b B wWrith B2 9S P75 S AEE FrtetEs s, dde o
wrfete] s 2 ek Al 527 (18-3041, W 18, o] 34%)S tie® sglon, A

Elol= £ 85¢US Iy Fu HIE HAA A

>{I1

o
o]

A A 28 AAEY 84 H7

g4 FHGNE s 9 FEr|dol A SEREE AAES Ay
F471(VAC-STAR, Switzerland)2 Z33 & &%(4, 20, 30C)eF AF7|7H4 )9
e ZZAE A 22 a3 WEE MTT assay= A8k A% =4 &
o] AF Ao 2IAEES 4x10° cells/well?] Foz BFagon AgE #jA

of Zt7t 1 mg/mL FF22 7ttt

i)

Ver. 13.1(Minitab inc., USA)& ©]-&3}%
E2HE A (one- way ANOVA)9F Tukey 2
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Fig 1. Ballot for sensory evaluation of whey protein hydrolysate product.
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2. a7 ErFIgE 2 A3

uet et aAE o] &ste] WPCe 7t
FEdlE Al Fall e vlastdn HEx ZAe RIS 24 AXA
(Novo-Nordisk)ol A #Zst= S8 hilzd 73 (extensive hydrolysis)E 9 &
Ae F6G - 10%, 71ddl Ay er]F)el oate] Attt
e =S =3 A fungal endoprotease®t exoprotease A S SHA
S8t Flavourzymeol Al 7Fg =& 7F54E8l& (37%, 180)S 245 & AduoH
180 olde] 7FEeE AN Aol aAaFdHEFY T E JhFEE &
o4 F7H7F #&EER] ¢kt Bacillus protease complex@ T4 ¥ ProtamexE
10% #7tste]l 7hdslE AAlg Ag-ee= 1808 ol 7hrda] Al 7l A4 o
20% oS w3l Al 7 ATk e AR EAE AHES Bede 7E =
o] 10%E Fod A= 7129 7teEds
Takada et al.(1997b)& AWl Ao EAlst= =UE 43t

=]
=
pepsin =¥ pepsin/pancreatin®] &3] E3| HA &v EZoldtes HE H

A 2A3 fAR ARRAES HElE ARe ARA e 2dow 245
gow Hrhd el AN AN Arpaze was wder] s

Flavourzyme®] 74-¢-ol= Hd7lgEEafo mdstes AlHS 7Hedadizdon dAs)
i Table 3914 AAE Aoz AP AEHEHor WayPshgint
thFst Gl oste] shgRElE WPC 7heRelEe Babg &

exclusion chromatography®t SDS-PAGEE o] &3}o] ZALSIA T, 7F=E3)

WAL ARG g4 Fiol wet e A EXE UEhJ At (Fig. 3). 7HE =
& 7t A =E YER Flavourzymes #xF&o] o 5000 daltonel] 3 Fst= A&}
o] FEloj=o] FAo] FElstA BEEHAO Y H7ds A [f-Lactoglobulin®] &

H
R e B4 2w ol ARk
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Fig. 2. Hydrolysis of whey proteins by various proteases.
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Fig. 2-continued. Hydrolysis of whey proteins by various proteases.
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Fig. 2-continued. Hydrolysis of whey proteins by various proteases.

Table 3. Determined hydrolysis conditions based on the degree of hydrolysis

Concentration  Incubation Temperature )
Protease ) pH DH” (%)
of enzyme (%)" time (min) (C)
Flavourzyme 10 120 Not-Adj“. 50 36
Protamex 5 60 Not-Ad;. 45 18
Neutrase 0.8 L 10 60 Not-Ad;j. 50 10
Alcalase 24 L 5 60 Not-Adj. 60 12
Pepsin 5 30 4 37 12

% based on protein content, b: degree of hydrolysis  not adjusted.
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Fig. 3. Fractionation of whey protein hydrolysates using Sephacryl S-100

column chromatography. The conditions of hydrolysis were indicated in Table 3.
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Fig. 3-continued. Fractionation of whey protein hydrolysates using Sephacryl
S-100 column chromatography. The conditions of hydrolysis were indicated in

Table 3.
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Fig. 3-continued. Fractionation of whey protein hydrolysates using Sephacryl
S-100 column chromatography. The conditions of hydrolysis were indicated in

Table 3.
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Pepsing ©] &3t 7} oA += chromatography §% A3} A& o
WAL o] gAdo] BEEA gkom [-Lactoglobulin®] thi-o] &8 A =
Ao 2 e Protamexel 9dte] A|zH 7RI ELS pepsinel o dte] AxH
A ES wg AR @wE R patterns HQou diREe] @
-Lactoglobuline &4 93] &3] = Aoz e

Pepsin®| 7}itall Al AZabke] duld E23o] yuuA] & olfE &4
A o] ojgk 7h ] F Ehe] AgS fgk /9 AY #AH BT, 5 min)ol A AS
ARl ZhitE7E ol el Zhe FHAZE FASH] Wi Aow duEon
denaturating agent(SDS) ¢} 2+ A (f-mercaptoetanol) S 23t W 7] % o] A v}oj A

bR A BARA 299 AR bR ® v 2ol st

AZtE ) E3] trypsin A @l €3 [i-Lactoglobulin
EAELS SFA A #osls AR By Ho A tHGroleau, 2003).

' Alcalase= B. licheniformisol A fa3ld @ild EEg4LZ4 Glu-X, AspX
2 dAZ4% FEte]l= bondel gk FEAl S-S 7HA L At Alcalase®] A Alel+=
SAE 7hrEd = pepsind fFARsE oW thE @ld Z&) &4l #Hlske] 10,000
- 1,600 dalton®] WPC #3l&E Aite] B2 Aoz yelyhow o] 2 Zit= Otte
et al.(1997)¢] H3t Aol FAds HaAdS eI SITE Neutraset alkaline protease
o] @& 2tA] %+ B subtilis o] @A 42 A Alcalasest ARG E38 &<
XS YERY oY 10,000 dalton ©]3Fe] A EAFEF] peptide®] TAdH] &2 Alcalse
of °F ZteEderRu A2 Adox yswow Ea A @ Holds B
-Lactoglobulin®] band’} @719 % A3 #Z 5 (Fig. 4).

N

2) 9ld B aite FHol W caseind 7t¢E A
A 74| casein & casein I EZHEH FEoE FHUE 3 dwd T2
gld Bio pad v §O1) casein MRS FUE A3 58HS HGubshy)

i
Mo
:IOL_ll
s

3ste] WPCY 7Fafo] 583 2712 o] &3}9 sodium caseinate®] 7}
A Al e H(Fig. 5).



200 KDa ——=
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45 KDa

31 KDa  seee
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Fig. 4. Electrophoregram of various whey protein hydrolysates by
SDS-PAGE.

Lane 1: Molecular wt. marker, Lane 2: Pepsin-hydrolysate, Lane 3: Protamex-—

hydrolysate, Lane 4: Neutrase—hydrolysate, Lane 5: Flavourzyme-hydrolysate, Lane
6: Alcalase-hydrolysate, Lane 7. WPC.
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Fig. 5. Hydrolysis of caseins by various proteases.
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Fig. 5-continued. Hydrolysis of caseins by various proteases.
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Fig. 5-continued. Hydrolysis of caseins by various proteases.

Aoz JhARle WPCsH 543 7oA 7teias AAe 49 B 2 7}
TEIE=ES el o 10%9 Flavourzymel & 240 27 7FE8] A 63% A&
o] fetol =7t Eaf H ATt

UM AAE T A FR T AN {fARGE bR FE(10% W
e A7l A E NAGNE 1% FFo 24 HUPE Zastdon o o
sodium casein® 7FFEal == 11-18%(pepsing] 74 -$- 5%) % e

FHAIQL 7t R B A Es A 10%9] &4E H7F Aol pepsing Al
gk XE FAaAY ZtedsEolA @A) band7b #HEE A Etth(data WA A]).

ol ZhrRdl B ARA ferol= EFEol WA EAHC AL 1 vEIF u

0

8 1%% 2dse] ArRaE AAsta R B vy

,41,



AW EE SDS-PAGERZ ZAet A¥+= Fig. 67 Zth Pepsin A2 & Al&lg v
o] E&aAg Alel= o, B, k-caseino] BT AEAF] peptide® E3 HAoW &
ZhFe] 6,000 dalton ©]ste] whgdh Al peptide bandEe] HF8lo] #HEE T
Pepsin®] A& Ao+ [-casein® WHFE3 ns-casein®] LH7F &3] HX| & A

2 A

T

1 2 3 45 6 7 8
200 KDa

116KDa fO,S—casein

66 KDa — = B —casein
-~ K —casein

45 KDa "

- e

ke W=

21 KDa -

14 KDa -—

6 KDa -—

Fig. 6. Electrophoregram of casein hydrolysates by SDS-PAGE.

Lane 1: Molecular wt. marker, Lane 2: Sodium caseinate, Lane 3: Purified as-, [i-
and k—casein Lane 4: Alcalase-hydrolysate, Lane 5: Flavourzyme-hydrolysate, Lane
6: Neutrase-hydrolysate, Lane 7: Protamex-shydrolysate, Lane &: Pepsin—
hydrolysate.
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Fig. 7. Changes in soluble protein content of whey proteins during pH

adjustment, heating and ethanol precipitation.
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Table 4. Recovered soluble whey protein content (%) during the pH

adjustment, heating and ethanol precipitation.

Protein content (%) remained in the sample after treatment

pH
Treatments
4.0 45 5.0 55 6.0 6.5 7.0
pH adjustment 79.1 804 837 915 929 939 949

pH adjustment +
heating (85C, 10 min)
pH adjustment + heating +

ethanol (30%)

448 238 278 361 527 753 92.0

184 132 195 258 377 543 765

Protein content remained in the sample was expressed as % of initial protein

content.
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Fig. 10. Changes in protein profile of whey proteins during pH adjustment,
heating and ethanol precipitation.

Lane 1: Molecular weight marker, Lane 2: WPC, Lane 3: pH adjusted WPC(pH
4.0) Lane 4: pH adjusted and heated (85T, 10min) WPC Lane 5. pH adjusted,
heated and ethanol(30%) treated WPC.
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Fig. 11. Separation of basic whey proteins from the pretreated WPC using

cation exchange chromatography.
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Fig. 12-continued. Separation of whey protein hydrolysates using cation

exchange chromatography.

,53,



400

14
L 12
300 A
€ L 1.0
g —
© =
N Lo8 =
© (]
=] L 06 2
<
€
100 1 04
L 02
0 T T T T T T T 00
0 20 40 60 80 100 120 140 160

Elution volume (mL)

Fig. 12-continued. Separation of whey protein hydrolysates using cation

exchange chromatography.
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Fig. 13. Separation of basic protein fractions obtained from Alcalase and

Protamex whey protein hydrolysates using size exclusion chromatography.
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Fig. 14. Fractionation of sweet cheese whey, acid whey and whey protein

concentrate using size exclusion column chromatography.
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Fig. 14-continued. Fractionation of sweet cheese whey, acid whey and whey

protein concentrate using size exclusion column chromatography.
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Fig. 16. Hydrolysis of whey and heated whey proteins by Alcalse, Protamex
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Fig. 16-continued. Hydrolysis of whey and heated whey proteins by Alcalse,

Protamex or pepsin.
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Fig. 17. Separation of hydrolyzed heated whey proteins (85C, 10 min) using

cation exchange chromatography.
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Fig. 18. Effect of protein content in whey powder on the proliferation of
MC3T3-E1 cells by MTT assay.
The protein content of whey powder was adjusted by ultrafiltration. The proliferation

of MC3T3-E1 cell at 72 hr was expressed as OD at 550 nm.
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Table 5. Effect of heating on the proliferation of MC3T3-El cells by MTT assay

Heat treatment Denaturation

Samples OD at 550 nm
(C, min) (%)
Whey protein concentrate None 30.0 0.437
85, 10 71.4 0.301
85, 20 73.9 0.349
85, 30 73.7 0.233
Whey powder None 39.6 0.347
85, 10 63.6 0.243
85, 20 71.6 0.189
85, 30 78.1 0.105
Ultrafiltrated whey powder (4x) None 384 0.451

The proliferation of MC3T3-E1 cell at 72 hr was expressed as OD at 550 nm.
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Fig. 19. Effect of whey protein hydrolysates produced by various proteases on he
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Fig. 20. Changes in peptide chain length (PCL) and average number of

hydrolyzed peptide bond (ANPB) during the hydrolysis of whey protein

either by Flavourzyme or by pepsin.
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Table 6. Treatment combinations and their results

Experimental ~ Hydrolysis Hydrolysis , MTT assay” ALP activity”
number”  temperature (C)  time (min) DI (0 (OD at 550 nm) (nﬁﬁiﬁng
1 30 (-1) 45 (-1) 12.8 0.326 1.24
2 30 (-1) 135 (1) 20.4 0.526 5.68
3 50 (1) 45 (-1) 249 0.082 0.60
4 50 (1) 135 (1) 39.1 0.463 4.95
5 26 (-1.414) 90 (0) 12.9 0.316 2.10
6 54 (1.414) 90 (0) 32.7 0.585 5.83
7 40 (0) 27 (-1.414) 12.9 0.000 0.00
8 40 (0) 154 (1.414) 26.3 0.272 1.34
9 40 (0) 90 (0) 22.3 0.261 2.37
10 40 (0) 90 (0) 19.1 0.339 2.42
11 40 (0) 90 (0) 22.4 0.360 2.44

Y The number of experimental conditions by central composite design
2 Degree of hydrolysis
¥ MTT assay response at 72 hr to 1 mg/mL

Y Alkaline phosphatase activity at 72 hr to 1 mg/mL.
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Table 7. Predicted hydrolysis conditions for the maximum responses of

variables.

Standard Temperature Time )
Predicted responses Maximum
error (C) (min)
Degree of

hydrolysis (%) 3.56 57 133 0.96 46
MTT assay”

(OD at 550 nm) 0.18 59 117 0.75 0.71
)

ALP activity 2.39 59 106 0.68 7.4

(nM/min/mg protein)

U MTT assay response at 72 hr to 1 mg/mL

Y Alkaline phosphatase activity at 72 hr to 1 mg/mL

Table 8. Result of multi-response optimization.

Global solution

Predicted response

Temp = 54.0 DH = 429
Time = 140. 5 MTT = 0.680
ALP = 0.825
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Table 9. Changes of soluble protein content after ethanol precipitation.

Treatment Soluble protein content (g) Soluble protein (%)
Control" 6.241 100
Ethanol 10% 5.139 82
Ethanol 20% 4.820 7
Ethanol 30% 3.623 58
Ethanol 40% 2.880 46

b: hydrolyzed whey protein concentrate before ethanol precipitation. The hydrolysate

was produced using Flavourzyme at the optimized condition (refer to Table 8).
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Fig. 23. Effect of ethanol soluble hydrolysate fractions on the proliferation of he
proliferation of MC3T3-E1 cells. The proliferation of osteoblast at 72 hr was expressed

as relative percentage of control (unhydrolyzed WPC).

,76,



Fao] A A 3 glol NEE 54

e}
T

= 7

A% 270 WE G399 Bgy YA
Uehie 58 BAgel AvAom A sl ols) 47 Ak feel=

oA 71%7 vheh o] Ame] stdAelsh pH 24 A% W

T &4

o
T

3l

s
Fig. 249 vepal vkt 2ol 7heteal

5) 7}

"

M
N

)

o

4.0

=

=

FHgell A pH

=

3}

5ol

gdE 8T, 5

e

,’7’77



0.7

0.6

0.5

0.4

0.3 A

O.D. at 550nm

0.2 A

0.1 1

00 T T T T
1 2 3 4

Conditions for enzyme inactivation

Fig. 24. Effect of conditions for enzyme inactivation on the proliferation of the

proliferation of MC3T3-El cells.

1: Hydrolysis — Freeze-drying

2: Hydrolysis — ethanol precipitation (30%, v/v) — soluble fraction — Freeze-drying

3: Hydrolysis — heating (85C, 5 min) — ethanol precipitation (30%, v/v) — soluble
fraction — Freeze—drying

4: Hydrolysis — pH 4 — heating (85C, 5 min) — pH 6.5 — ethanol precipitation

(30%, v/v) — soluble fraction — Freeze-drying
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Fig. 28. Suggested steps for the production of osteoblast stimulating peptide.
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Fig. 30. Changes in solubility of whey protein hydrolysate.
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Fig. 31. Heat-induced changes in solubility of whey protein hydrolysate.
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Fig. 32. Changes in turbidity of whey protein hydrolysate at pH 7 and pH 4.
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Fig. 35. Changes in hardness and elasticity of whey protein gels.
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Fig. 36. Changes in emulsion activity of whey protein hydrolysate.
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Fig. 37. Heat-induced changes in emulsion activity of whey protein hydrolysate.
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Fig. 39. Acceptability for whey protein hydrolysate beverage.
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Fig. 40. Turbidity of tested whey protein hydrolysate beverage.
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Fig. 41. Perceived intensity of sensory attributes for whey protein hydrolysate
beverage.
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Fig. 42. pH of tested whey protein hydrolysate beverage.
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Fig. 43. Changes in osteoblastic cell proliferation stimulating activity of whey

protein hydrolysate during storage.
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Fig. 44. Changes in osteoblastic cell proliferation stimulating activity of L. casei

393 fermented products during storage.
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Al 24 dEs3A

gl B3 g4AE AAEeE FAE ARS 95t AFgE fAkdE 8%
TFE F 33Fo® Table 107 2tk RE #F2 HF A 24 Ao wdsid o
10% LA Fol A% &2 A2l 2% glucose, 1% mineral solutions 3 7}5}¢]

Azg wiAel 2% HE skl 24 A3 St wj gl

2) e AY A
Age @wlael %L hovine serum albuming T F @A R AFEFHo]

Folin-Lowry " (Lowry et al., 1951) 0. & =43} t}.

3) Feols w29 FA

7}) Free amino nitrogen (FAN)
AREE 5] Tl faE a4

#18te] free amino nitrogen(FAN)= A&staith. Wi & dwels dAstq A2

sl Alg 2 mlE 47 278 cap tubed EF3I T 1 mL9 ninhydrin

solution(3.94 g Na.HPO,4, 6 g KHsPOs, 0.5 g ninhydrin, 0.3 g fructose / 100 ml)<

A7bstal 16 & ¢ B2 =olA T8 7Fhsidth 7HE F 20 & 59 Wl W

% 5 mL9 dilution solution(2 g KIOs, 400 ml, 96% ethanol 600 ml)E tubeel %7}

& the A8 EASL 30 F olulel 570 nmel A FHES ZAsgc Ane] d
A %2 standard curveg FAdste] SA SRS NHOH 258 4(10%) 29.7%
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Table 10. Bacterial strains used in this study

acidophilus A4
" GP2A
" GP4A
" GP1B
" NCFM
" 107A
" 30SC
" 606
" 4356
" 4962
" 43121
casel M5
" 393
» 910
" 9018
helveticus LH
" LO518
" 1042
plantarum B-1
" EH2
" LP
" M-2
” 11931
rhamnosus 7469

Lactobacillus

449
lactis ssp. lactis 11454

Lactococcus

K1
W20

Leuconostoc

fragilis C1
Saccharomyces ” C2
cerevisae IFO1661

fragilis C-1041

Kl
uyveromyces , Y1156
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NH,OH 505 ml¢} 5% 995 mlE 3 & 10" =2 825t A =359

1}) Non-protein nitrogen (NPN)

el Eal #ZEol o8 AdE= NPNO Fd 24% TCA &45 AH8-3h
of ZAAT MY F AAEEE B3 Aoz A A E 2 mlE 24% TCA &9
I} T3 & 308 59 HA 3 Whatman No. 422 o] #sle] A|RE FH A TH
Folin A ¢F2 A48 2 N phenol A]2FS 29 3]Aste] AL8-3F1 2 alkaline copper A
°F2 0.1 N NaOH &9 sodium carbonateE §3lAl#A solution IS A|Z3}al 2%
sodium citrate &3} 19 cupric sulfate 888 FZ Ao AFE ZHof 1 :1 HE&EE
&3l solution & THE F solution I ¥ solution ME 2tz 50 @ 12 & 314

7]
Abg&t Tl Al %9 alkaline copper A1 ¢F 5 mL¢ A& 025 ml, =754 025 mLE &

i3
=
r]I.
oo
o
o
k
ol
ol
399
)
i)
=
rE
oo
ﬂ
al
(@)
=
=
=
2
ol
o
il
A
ol
ol
ol
8
)

5) Gel filtration chromatographyol] €3 Helol=9 B
e Za a4 Aol =S #FE HA Y oA w5 oul
= dAEgste] Asds HsAo s del NaOHE o]&ste] pHE 7562 %%
F 35% (NH2S0:2 ¢F 60% (NHy)2SO0:& wxbA o= 7hete] gl d o] HHdS
Lotttk dARE st 3lad AAES Tt 948 AAS ¥ 54 dxe)
35 Az A5+ 1xPBS (pH 75)°] €38135te] Sephadex G-50 gel filtration
column (0.9x95cm)ell FY3stal tube T 2 mLA 20 mL/hr 9] =2 &&3ATh &
E2%2+ thyroglobulin(FA}=,  670,000), bovine gamma globulin(158,000),

ovalbumin(44,000), myoglobin(17,000), vitamin B-12(1,350) % 652 W@l Ao] gF

%

e
ﬂlJ.,

ol

2

Al
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Ho] A= gel filtration standard(Bio-rad)E A}£3F 2™ spectrophotometerE ©]-&

o] 280 oA THEE =AU}
g, goua 22 A oA 2ZAE A WA= 57 A=

1) " AE vl & Fauld FaE9 A4
o iz BEaHS Yl Lactobacillus acidophilus 4356, Lactobacillus
casei 393, Lactococcus 4495 1%<] whey protein concentrate(WPC, Alacen 878)&

S E G ERUA(129% SNF)Ol AFSa 37CAA 1847 M F AR )
A

4/
v}
toy
ol
A,
>
f
3
Lo
T
an
il
(@)}
0/e]
hu
BN
o
ol
e}
N
0/e]
>
)
it
£
=
=
®
o

3500)8tx FAAx dto] M TR Az

kel

TR Ramd EalEol AR FHd MAE FdE 2IAEF
(MC3T3-El osteoblast cell line, ATCC, Manassas, VA)Z o]-&3dle] ZA}3Hth A
X T 10% fetal bovine serum(FBS, Gibco BRL, USA), 50 unit/mL penicilin, 50 u
g/ml streptomycin®] ¥3F a-minimum essential media(a-MEM, Gibco BRL,
USA)S] 37T, 100% ss=xdelA 5% COs AHHom gty wgstalon
Ao T T4 B w7 2-3Y Ao R A E wEEtgit

3) MTT assay

Fad ZaEe] 2IAE S ZA= Seth et al (2004)e] AA T MTT
(3-[4,5-Dimethylthiazol-2-y1]-2,5-diphenyl-tetrazolium bromide) methodE ©] &3} <]
=439tk 96-well plate(Nalgene, USA)ol 2.0x10° cell/welle] FEz HIEXE BF

i 24 A7 wjgstel AEZRAS FAF F O FEe Fuavd PHRe

|

serum free mediadl E&3to] Z+ welloll 200 uL® ¥ 37C, 5% CO, &71&F i
F7Voll A 72 AIZE EF wlFskA Tt wi ke MlaEHfA o] MTT working solutions 50
uL H7bete] 4 AR ¢ w4 2ol oAl wfdsta MTT7F Aeld b= 9
200ulE AAS F dimethyl sulfide(DMSO) 150 pL& ZH2te] welle] #+53 +
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ELISA plate reader(VERSAmax microplate reader, Molecular devices, USA)E ©] &
shed 550 mel A FREE SAske] wasith 2 APe 48 W2 AA G x

AZF 4 =S SR

4) TUNEL assay

Fawd FalEo] 2IAEY AE Rz digt aRE HFTE7] sk
TUNEL (terminal deoxynucleotidyl transferase (TdT)-mediated dUTP-biotin
nick-end labeling) assay(Gorozyca et al., 1993)& 2 A|st$th. Glass slidedl] H-2H%
ZHMNEE 4% formaldehydeE 10 =3+ At 1AHAI7]2 PBS(Phosphate
-Buffered Saline)® A2 3}$1th. Permeabilization bufferd] 0.1% Triton-X 100 pL&
E3y 21+ TUNEL

Agste] 2 3wt § PBSE thA] AlFHEa TAT7F
assay reaction mixture 50 pPLE 7}8fe] 37TolA 1 AZFE<t WA AL wvbg &
cover slipe. 2 Al5E Hystdom 3 Au| A4S o] §3to] IAE] AME HEE

#a5

5) Alkaline phosphatase activity (ALP activity)

FEAE =714 27 Z3ke] AskeA A EA] Toon et al. (1999)9] ¥
© =2 alkaline phosophatase activityE® A3t a9 d &S H7isto dA
Sk Al ZHs ol wikE Al Eol trypsin-EDTAE AHglste] A5 AS AAS F 02 mLe
Ad SHTE AUMEY 25334712 49 9k 72 Ax dgd 0.1 mLol
0.1 M glycine NaOH buffer(pH 10.4) 0.2 mL, 15 mM®2] p-nitrophenyl phosphate
(pNPP ; Sigma, USA) 0.1 mL, 0.1% triton X-100 0.1 mL, B¢ ¥ &< 01 mLE
2 Egste] 37ColA 30 &3F 8w gs =, 0.1 N NaOH 0.6 ml #7ste]. vb§ T8
A Atk ALP9] activity:= nM/min/mg of protein® 2 3% &3},

6) Osteocalcin expression
A FeeE S ASs] Agk F HA A H AEEA RT-PCR
(Reverse transcriptase polymerase chain reaction)s ©]83}% Huang et al.(2004)2]

W © 2 osteocalcin®] mRNA 2Hd @S SA43AY. A A7 vt 2325
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E| RNAE FZsl1 JAA 945 A3 random primerE 7}ste] 42ColA 15A7F &
oF wbeA|ZTh Whe® AAAEN 5 uLE HI T 13 uL =7, F=ulE zhze
primer 1 pL & Yo & ByZE 20 ul& W&o PCRES AAEAY. PCR #A =
denaturatione 94ColA 1 &, annealing< 45ColA 1%, extensione 72TColA 1%
o2 &9 30 cycles® FH3 o™ primer((F)vfo] LYob)= tf 3 o] §Ad3le]
A&t

Forward primer Reverse primer
Osteocalcin 5'-AGGGAGGATCAAGTC CCG-3’ 5'-GAACAGACCTCGGCGCTA-3
fi-actin 5" -CCCTGTTGCTGTAGCCGTA-3’ 5" -CCGGTGCTGAGTATGTCG-3’

ol\

L

Zy AEL2 T3 gel loading €9 (0.02% bromophenol blue, 0.02% xylene
cyanol)S 718t 1.5 % agarose gel AolA A719% 3190 2™ 1D image analyzer
(KODAK Co., USA)® densityE T3 osteocalcin mRNA/f-actin mRNA (%)=Z 1}
ERf ATt

7) oA A71FdES ol &¥ =S A E(MC3T3-EL cell line)] 54 &3 HF

HN

7h @A A 79

ZZHNEF MCT3T3-El cell¥ 10% FBS7F £3hd A4ui#] (a-MEM)9
A B FAIZL F Locasei 393 HEEINES HUbeE Aol bk &e gz E
z}z} 3 A7k wiek A1A A eteith PBSE 33 AlH ¥ Trypsin-EDTAZE cellS u
oAy P4 B8t cells 343ttt 4 cell pellete UA] washing buffer
(40 mM Tris-HCI, 1 mM EDTA, pH 75 33 A& Aol HFHOZ lysis

H]

buffer(7 M urea, 2 M thiourea, 40 mM Tris—HCl, 4% CHAPS, 50 mM DTT, 2%
ampholyte, preotease cocktail)®} L3t §3] 9] glass beads ¥ vortexdho] A
U dilds fFEAAY. Ao AR 9= Microcon TM(Millipore, USA)E ©] &

st 2 2 w55 AAY HEFAHoR doji @il E -2 modified Bradford assay

o2
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(Ramagli, 1999)& ol 4-3to] 4% F 500 ug# BF3ke] 80CToIA 2 714 w3
s v AR AHgsa

W) oz "9 F

oA 719 EL O'Farrelld] WHA975) F3te] A A8ttt =0lH 500
pgol @WlA Ag:= FHE Hurt 320 L7t H X2 rehydration buffer(8 M urea, 2%
CHAPS, 100 mM DTT, 0.2% ampholyte, 0.0001% bromophenol blue)ol &3&3+ %
ReadyStrip(17cm, non linear, Bio-Rad, USA)E o]&3lo] 20TColA 12-17A 75t
A3} A Th. o] F Isoelectric focusing apparatus(Bio-Rad)& ©]&3}o] 250 Vol A
30+, 500 VoAl 30+, 1,000 Vel A4 30+, 8000 VelA 3213k 8000 VoAl 25000 Vh,
500Vel A 3043t focusings AAlstal HPsE  $dl equilibration buffer 12}
equilibration buffer II (Bio-Rad protocol)ol Z+Zz} 15837 X3 F  125%
SDS-PAGE (20%20cm)°ll 7]l agarose gel® sealingdt ¥ gel ¥ 20 mAC =

oA 127412 St ArIFdEs A drIdse] gdrd F 1AbEt 2

W
(@)

o2,
o

(20% methanol, 10% phosphoric acid)3+ % Candiano et al.(2004)2] Wl uwhz}

Coomassie blue G-2502.2 A% blue silver solution®. & AL 2 A5}9] ).

o) olm A A4 2 @A identifiaction

AN E gel> UMAX scannerE ©]-8319] scane 2 AI$ ¥ PDQuest image
do] S7HHEAY Fashe
o]-§ate] F=3k3low

trypsin solution(10-15 wg/mlL, sequencing grade, Promega, USA)3} C18 ZipTip

analysis software(Bio-Rad)E& ©]-&3le] A& 3u] o4 &

=
spotS ©AEAT. AAE spot Oh et al.(2004)¢] W

o

Millipore)& o]&3le] E3, ¥%& AAst1 a-cyano matrix 05 plLe E33 &
Voyager DE STR system(Perseptive Biosystem Inc., Framingham, MA, USA)E o]
&3to] HFH o2 MALDI-TOF/ MS #41& 2Als3lth. MALDI-TOF/ MS®| 2
H= vlgr o2 MASCOT (http://matrixscience.com)®] database©l] ] murine subset®

2 @4 jdentificationS A A &1 T}
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Table 11. Nutrient profile of WPC and amino acid mixture (%)

Nutrient WPC Amino acid mixture
Lactose 8 8
Fat 8 8

Amino acids

Alanine 3.8 -
Argine 1.6 -
Aspartic acid 84 -
Cysteine 1.8 -
Glutamic acid 13.0 39.6
Glycine 1.4 -
Histidine 1.7 1.7
Isoleucine 45 4.5
Leucine 84 8.4
Lysine 75 75
Methionine 15 15
Phenylalanine 2.6 2.6
Proline 4.5 -
Serine 3.7 -
Threonine 56 56
Tryptophan 16 1.6
Tyrosine 14 -
Valine 45 4.5
Total 77.5 77.5
Calcium 0.75 0.75
Phosphorus 0.20 0.20
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o 2@

T Nl AT g kol 2+ AT 1455 v A ek
gz 1 (0VX) @ P& AE rat + YRIAFE(98%) + 2% amino acid mixture
Z= 2 (Sham) @ WA A E rat + HFAFE(98%) + 2% amino acid mixture
A7+ 1 (WPC-H) @ W4 & rat + ¥ALE (98%) + 2% A wd ZAhdslE

ATt 2 (LC-393) @ A& A& rat + AWALR (98%) + 2% FAEME FI &

) AtEF o
Abgs viE afekete] WALl By skluh viF 33 AA AtRE w

Aow, Fol A 2B SN 79 HAow F AR AAFL SAaT

w) 49713
F UG0S 6YR FETF HRIIN 4934 AP 6DE T

A9 O AR DAL 27 Fig. 45, 469 2

o
2
o
)

-5._'; -
= -4doy —— Ovariectomy
P | Uwesk —no Treatments

= Bazal diet= + 2% dairy products
= Hydroly whey pratein concentrate [WPC-H)
= L, cosed 393 fermentad milk (LE-393)

= Meazured Boady weight & Feed intake each week

6 week —=—— Sampling

Fig. 45. Schematic diagram of experimental design.
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Fig. 46. Animal experimental room.
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) SAFE

5= rate] AT AR AHFS SR AF viA T H(day 42)°l =
dAy w5 AFHeA Y. Rat2 w3 F(ketamin : rompun = 1: 1) $47]1(6 mL)&
|83t AgelA dHE AAFAT. AHASTF A serum separating tube (BD
bioscience, USA)oll &%l § 4ToA 12A17F B3 F 20+21F 4ToA] 3000 x g=2 9
AP sl serums FEEATE el A2 200 uL¥ EFske] 20Tl A4

Al 7hA] Bt AR TS o] §38te] serumell EA]8HE alkaline phosphase,

=

o
ol

creatinine, Ca, P9 & SAHsIon, & AZFF AAA C-telopeptide type I
collagen fragment: Ratlaps'™ ELISA(Nordic Bioscience Diagnostics, Denmark)
kits o]&3dte] FAHAT. o AqFH Fole AF 28 oo rats YA
femurE 2F3G o™ 110C dry ovenoll A 397 AZx3A T Femure A9 2ol
+ A€ vernier calipersg& ©]&3te] F43¥ 2™ BMD(bone mineral density)<2}
BMC(bone mineral content)= Dual energy X-ray absorptiometry(DEXA, NORLAND,
USA)E o] &35l =A3AY. =74 %=E Texture analyser(Stable micro system,

USA)E o]&3to] A8kl

2) 2% $BAY : vax AAY ratd 2UE o &3 $99 BB 447
Agd A7t £E A

7hH A3 =

gae ARE fEY BAEs A 3 e gPol ke G B )
Fo sho] opulwilal WU sl 14 4T FANA APz pe
9, quA, MdE FFS RS gk gETel HrhE opvlwite @S

)
2
=)
iy
e

obml Ak HI7FE & yw x| B < glutamic acidg #7tetdct 72k A
gl H7FE LC-3933 WPC-HE] 42 Table 129} #t} LC-393, WPC-H, °o}v] =
AP EFES o8t 1A = F AR W EYeksith
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Table 12. Composition of experimental diet

Treatment Basal diet = Amino acid mix. LC-393 WPC-H
OovX 96 4 - -
Sham 96 4 - -
LC-393 1% 96 3 1 -
LC-393 2% 96 2 2 -
LC-393 4% 96 0 4 -
WPC-H 1% 96 3 - 1
WPC-H 2% 96 2 - 2
WPC-H 4% 96 0 - 4

1279 ¢] Sprague-Dawley 9# S AMEFE vlo]Q FolZFE FYste] A}

=2 A9 19 22 Uyer AAsY & 6879 da A=

ZTE FEdte], 2% & =2 AT TFE

AgA AA e

& 8/ AgTr ste] A4 AT 9FE wiAs e 4 AT vs

1159 @4 7
At

o) AEAF

3} 2

fZxz+ 1 (OVX)

WA AE rat + AEHALE(96%) + 4% Amino acid mixture (AAM)

&7 2 (Sham) @ a4 WA E rat + AR (96%) + 4% AAM

fus

AT 1 (LC-393 1%) : Y& HZE rat + Y¥HALE (96%) + 3% AAM + 1% LC-393

A 2 (LC-393 2%) @ WA A& rat + &
AT 3 (LC-393 4%) : WA

=

a2
i
=
—t+
+
s
Jis)

AFR (96%) + 2% AAM + 2% L.C-393
HFARS (96%) + 0% AAM + 4% L.C-393

AT 4 (WPC-H 1%) : Y& AHZE rat + 9¥HALE (96%) + 3% AAM + 1% WPC-H

g+ 5 (WPC-H 2%) : Y& AZE rat + ¥HALE (96%) + 2% AAM + 2% WPC-H

AT 6 (WPC-H 4%) @ W4 A Z rat + AWVALR (96%) + 0% AAM + 4% WPC-H
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2h) Ats e
AbE wiF afekeke] WAl A B sidvh Wi 33]e) AA ARE =

oAsHea, el A AP ZARAL 7Y Ao WF AR HAFS 4k

=
=E AFsAY SRS 12 AP ds)
2. d7AEsd We 2 23

7h @8 28 24 A vAEY A 2 7% @9 BiEe £E

9 NPN< 123 + 0.27 mg/L&

a8 A5 Bed ols pH =4S 98] AME3E date] o m ol

Bald Aow FZHM  Lactobacillus acidophilus 4356, Lactobacillus casei 393,

Lactococcus 4495 A 93t dF-E2] TFE5L free amino nitrogen®] $¥F=Fo] 10
mg/L olst2A THd et w4 G AR UE

awd et =4 vYEde #FES 47 & 7S FolA dEhus

ZAow Hol o] wE wuld Fajo] ol HolA ottt NPNo| 9%
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o the #Eo 3 B FFS Hol= Ao eyt
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Table 13. Changes in free amino nitrogen content after fermentation’

)

Samples FAN (mg/1)
Acid whey (adjusted pH 4.6) 12.3 £ 0.27
acidophilus A4 821 £ 0.35
” GP2A 756 + 0.43
” GP4A 8.32 + 0.56
” GP1B 543 + 0.39
” NCFM 429 + 0.26
" 107A 556 £ 0.34
” 30SC 6.71 + 042
” 606 8.39 + 0.53
" 4356 15.8 =+ 2.74
” 4962 794 + 0.09
” 43121 492 + 0.34
. casei M5 6.84 + 041
Lactobacillus , 393 131 + 146
” 910 593 + 0.23
" 9018 6.66 £ 0.54
helveticus LH 794 + 042
” LO518 856 + 0.29
” 1042 756 £ 0.18
plantarum B-1 6.89 £ 0.11
” EH2 595 £ 0.08
” LP 724 £ 0.22
” M-2 6.85 + 0.39
” 11931 954 + 0.37
rhamnosus 7469 759 + 0.43
449 164 + 1.27
Lactococcus . .
lactis ssp. lactis 11454 563 £ 0.78
K1 454 + 0.33
Leuconostoc
W20 6.73 + 041
fragilis C1 3.21 £ 0.72
Saccharomyces ” C2 4.07 + 0.69
cerevisae IFO1661 356 £ 0.54
fragilis C-1041 225 + 0.39
Kluyveromyces
” Y-1156 3.29 £ 0.27

YAl values are expressed as mean + SD.
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Table 14. Changes in non—-protein nitrogen content after fermentation”

Samples NPN (mg/ml)
Acid whey (adjusted pH 4.6) 141 £ 2.76
acidophilus A4 443 = 0.86
” GP2A 3.66 + 0.75
" GP4A 3.44 + 0.46
" GP1B 411 + 064
" NCFM 3.26 + 0.83
" 107A 295 + 0.32
" 30SC 3.68 + 0.56
” 606 321 + 0.35
" 4356 8.13 £ 1.02
" 4962 341 = 0.76
" 43121 3.19 + 0.37
. casel M5 3.83 £ 0.61
Lactobacillus , 393 706 £ 0.96
" 910 453 £ 0.78
" 9018 442 + 0.34
helveticus LH 3.27 £ 0.78
” LO518 3.84 + 0.43
" 1042 279 = 0.19
plantarum B-1 3.13 £ 0.13
" EH2 4.16 = 0.17
” LP 6,27 + 0.26
" M-2 521 + 0.24
" 11931 404 + 043
rhamnosus 7469 501 = 0.52
449 8.24 £ 0.85
Lactococcus . .
lactis ssp. lactis 11454 3.87 £ 0.49
K1 359 + 0.31
Leuconostoc
W20 411 + 021
fragilis C1 3.06 £ 0.36
Saccharomyces ” C2 3.13 = 0.45
cerevisae IFO1661 298 + 051
fragilis C-1041 3.07 = 0.36
Kluyveromyces
” Y-1156 3.19 + 0.25

YAl values are expressed as mean = SD.
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< FANI NPN staFo] =& Lactobacillus acidophilus 4356, Lactobacillus casei
393, Lactococcus 449 Al 5] tiste] dld Rew=rp =& Aoz dAug

2) el d E3E A HH G =24 4F
FAN3} NPN A% Az vjgo] oy 23

-

7 =2 Ao Ho|e
Lactobacillus acidophilus 4356(Fig. 47), Lactobacillus casei 393(Fig. 48), Lactococcus
449(Fig. 49) o]% Al 7FAl Foll diste] HA ald £=0& &438t7] 9k 8 10, 12,
15% SNF gtFoll @& pHel S5 S43kAth pHE Wl Algte] ABatgdl wet
AP A ow Qlete]l AR fHAdte AEgS Uit T e 15718 MY Aol
HA=d 12% SNF &= six]e} 8 10, 15% SNF $HaF wlj x| ol A vl st

T FTE A o AAHFez 12% SNF &= wx]7F 8 10, 15% SNF &
F ARG B w2 FUFE Uil ofelgh A Al dFllA B fARSEA YE
A B oo 122 3=F w7y o A 2ol o feElgh AoR AL

Z}7] ©+2 SNF staF 7oA wl %% Lactobacillus acidophilus 4356 W7
o= 24AZE wiel BY & w¥id FaE Qlste] AP H=  free amino
nitrogen(FAN)3} &4 #gog
(Table 15). Fig. 49914 vehd 4 =l n#ste] wid & 4% FANI NPN
Ao w yetwt. 5 Fd g Azl T E=A4
ZAHE 12% SNF gHeF wjxo 2] FAN¥} NPN &2 8 15% SNF &3 %] o] A
e ARt £ FFS Bom 10% SNF g3 vfxo e wds A=
o] Al Aol2 2 S YEulE Ao Z A Y. Lactobacillus casei 393,
Lactococcus 449 TZo] A% 99 2& W o2 FANY NPN &S =H319
tH(Table 16, 17).

Lactobacillus casei 3932] 8 15% SNF &3 wjx|sj & FANI NPNe| 3t

2o 10, 129 SNF obe mjx o] =1 gheknch o vk 10, 12% SNF ahak o]
o] FANZ} NPN &=& ztol7b gllth. Lactococcus 4499 79 8, 15% SNF 3haF
WA Wl F FA¥ FANZ NPN2 10, 12% SNF &% wixle] 7 gaFwo v
Lkt on] 12% SNF 3 wiAel A o] 3l =7F 10% SNF g wi=]ell wla] &2

A 7] non-protein nitrogen? 3oFE-S AT

hu

Ed FA AWe Ho

rr
2

Lo
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8% SNF
10% SNF
12% SNF
15% SNF
8% SNF
10% SNF
12% SNF
15% SNF

0 3 6 9 12 15 18 21

Incubation time (hour)

Log (cfu/mL)

Fig. 47. The changes of pH and total bacterial count during fermentation

with Lactobacillus acidophilus 4356 at 37C.

The black lines indicate pH and the blue lines indicate that total bacterial count.
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———— 8% SNF
........ ‘. 10% SNF
——-e——— 12% SNF
—-—&-—-  15% SNF
—o0—— 8% SNF
........ °. 10% SNF
——-0-—-— 12% SNF
——@-—:  15% SNF
-8
-6

T
S
Log (cfu/mL)

Incubation time (hour)

Fig. 48. The changes of pH and total bacterial count during fermentation
with Lactobacillus casei 393 at 37TC.
The black lines indicate pH and the blue lines indicate that total bacterial count.
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8% SNF

10% SNF
12% SNF
15% SNF
8% SNF

10% SNF
12% SNF
15% SNF

Incubation time (hour)

27

Log (cfu/mL)

Fig. 49. The changes of pH and total bacterial count during fermentation

with Lactococcus 449 at 37C.

The black lines indicate pH and the blue lines indicate that total bacterial count.
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Table 15. Free amino nitrogen and non-protein nitrogen content at different
SNF content after fermentation with Lactobacillus acidophilus 4356"

SNF content (%) FAN (mg/L) NPN (mg/mL)
8 11.3 + 1.56 6.98 £ 1.24
10 158 £ 2.74 813 = 1.02
12 169 + 1.82 395 + 042
15 125 + 1.12 6.89 + 0.78

VAl values are expressed as mean = SD.

Table 16. Free amino nitrogen and non-protein nitrogen content at different

SNF content after fermentation with Lactobacillus casei 393

SNF content (%) FAN (mg/L) NPN (mg/mL)
8 10.1 = 0.79 578 £ 0.95
10 151 £ 1.46 797 £ 0.46
12 14.8 + 1.33 795 + 0.51
15 9.67 + 1.45 523 + 0.36

Table 17. Free amino nitrogen and non-protein nitrogen content at different
SNF content after fermentation with Lactococcus 449

SNF content (%) FAN (mg/L) NPN (mg/mL)
8 11.6 + 0.67 586 + 0.45
10 16.4 + 1.27 8.24 + 0.85
12 172 £ 121 912 £ 1.01
15 135 + 1.12 712 £ 043
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le] O ©
2 Vel 12% SNF @eF wj<el A wjak® g #3 FANZ NPNe|] #& o
2 Hol g PalEas AYoE fed Aow Yehr

37CAA wFe Al 752 HA SNF g#2 12%% Aoz sy o s
vt o R HA wlYg 2% S olry] fslA 32, 37, 42ColA wigS A EA
tH(Fig 50, 51, 52). 32, 37, 42ColA o wjF 7oA FTH+E Husds v 37C
g 2do e 2FF7 107 cfu/mZbA] E=gstgon 1 99 e LRoAE o
Hoh @ 10° cfu/mlol MEHT 7 2 £33 5 wjF AHEe e
1o HlE] 37T oA wide ¥ w2 A S Hol: 3oR JEgh

A 7R g 2% A wdd 7t e dud REnE dolry] ¢
ste] FANY NPNe| ¢3S =43 A= Table 18, 19, 209 he} .
AR Al ZEA s B 37Tl s S W FANTF NPNe| 9ol 57hatsl
oAl HFEE BT 37CAA 7P w2 A4S YElden e B &
o golM= 7 Agerdnh. ol e Aet FASHA FHSUF =&5E @y

wal Bh A4 EF A dehbs dskst d1sg,

29
=
S
N
kv
2 N

3) Gel filtration chromatographyel] 3% 23 &

12% SNF &= sjAdl A 37T g 285 HA s oA sto]
w3 a4 Aol =& Aow Yeld A JFHX ¥ 5 Lactobacillus acidophilus 4356,
Lactobacillus casei 393, Lactococcus 4495 thd oz 1 wjddS AR5t A%
AN AZE FF53IY] gel filtration G-50& ©|&3te] BEWsIy EAHS FAHI AL

Lactobacillus acidophilus 43562 W< ‘g5 el £ A3} o8 peak’} YE}
Wt 670 kD o]/e] A Hole peaket 44 kDOl peak’b tERRE oW 1 kDO
% Hol= peak’b @Wol UEhdt (Fig. 53). ¥wtAow 4o 3 e #A&
< a-lactalbumin (M.W. 14,200), [-lactoglobulin (18400-36,300), serum albumin
(69,000), immunoglobulin (160,000) &4 1 kDo 2 FAHE = ¢H oA Ho|l= peaks

dud Pege 4.
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N

27

Incubation time (hour)

Fig. 50. The changes of total bacterial count during fermentation with
Lactobacillus acidophilus 4356 at different incubation temperatures.

Log (cfu/mL)
N

0 o T T T T |

0 5 10 15 20 25 30

Incubation time (hour)

Fig. 51. The changes of total bacterial count during fermentation with
Lactobacillus casei 393 at different incubation temperatures.
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Fig. 52. The changes of total bacterial count during fermentation with
Lactococcus 449 at different incubation temperatures.

Table 18. Free amino nitrogen and non-protein nitrogen content after
fermentation with Lactobacillus acidophilus 4356 at different incubation

temperaturesl)

Incubation temperature (C) FAN (mg/L) NPN (mg/ml)
32 143 £ 1.34 711 £ 095
37 164 + 1.25 845 = 0.36
42 125 + 1.30 6.05 + 0.76

YAl values are expressed as mean + SD.
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Table 19. Free amino nitrogen and non-protein nitrogen content after
fermentation with Lactobacillus casei 393 at different incubation

temperaturesl)
Incubation temperature (C) FAN (mg/L) NPN (mg/ml)
32 122 + 1.14 582 £ 0.72
37 15.1 £ 1.55 795 + 051
42 134 + 1.19 6.99 + 0.45

VAl values are expressed as mean+SD.

Table 20. Free amino nitrogen and non-protein nitrogen content after

fermentation with Lactococcus 449 at different incubation temperaturesl)

Incubation temperature (C) FAN (mg/L) NPN (mg/ml)
32 1377 + 1.34 7.04 + 1.07
37 177 £ 1.16 9.12 £ 1.01
42 12.1 £ 1.25 593 £ 0.75

VAl values are expressed as mean+SD.
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0.7 ~

Lactobacillus acidophilus 4356
0.6

v 4o

~~~~~~~~ Standard*

0.5 A

0.4

Absorbance (0.D at 280nm)

0.3 4

0.2 A

0.1 A

0.0

80 100

Fig. 53. Elution profile of supernatant after fermentation with Lactobacillus
acidophilus 4356 media using Sephadex G-50 gel filtration chromatography.
“The number of arrow on the peak indicate following molecular weight.

1: void volume, 2: thyroglobulin (670,000), 3: bovine gamma globulin (158000),

4: ovalbumin (44,000), 5: myoglobin (17,000), 6: vitamin B-12 (1,350).
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Lactobacillus casei 3939] wgAsS AAEZHS S A5d AREE FF5H3M gel

filtration G-50% ©o]&3le] ®H¥Eea ¥EAHS F43 A= Fg 549 2oh
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AukA 0 & whey protein®l A & 4 ¢gl= 1 kD9 peak”} %éﬁgi slo] 5] ) o},

b 7% 20 d BEHEY AA oA 2SAXE A mA= AF% HF

1) AR Eo] 2ZAEMMC3T3-El osteoblast cell line)e] 4o WX &3
Fawd BalEo] 2FAEY AXE B wAE ZHE FAE] 9lEd
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< W7be A= Fig. 573 2k L ocasei 393 W] ZEAx F2 31 ave Ol
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Fig. 54. Elution profile of supernatant after fermentation with Lactobacillus
acidophilus 393 media using Sephadex G-50 gel filtration chromatography.

“The number of arrow on the peak indicate following molecular weight.

1: void volume, 2: thyroglobulin (670,000), 3: bovine gamma globulin (158,000),

4: ovalbumin (44,000), 5: myoglobin (17,000), 6: vitamin B-12 (1,350).
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Fig. 55. Elution profile of supernatant after fermentation with Lactococcus
449 media using Sephadex G-50 gel filtration chromatography.

“The number of arrow on the peak indicate following molecular weight.

1: void volume, 2: thyroglobulin (670,000), 3: bovine gamma globulin (158,000),

4: ovalbumin (44,000), 5: myoglobin (17,000), 6: vitamin B-12 (1,350).
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Fig. 56. Effect of whey protein hydrolysate on the proliferation of osteoblastic
MC3T3-E1l cells. The hydrolysate was produced by Flavourzyme at the optimized

hydrolysis condition.
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Fig. 57. Effect of culture broth produced by various lactic strains on proliferation
of osteoblastic MC3T3-E1 cells. The proliferation of osteoblast at 72 hr was expressed
as relative percentage of control (WPC).

- 131 -



Q
Q
g
kS
S
<
0
=~
W
a
(@)
§
&
&)
S
8
S
g
»n
=
=
O
Lo,
=
oS
2
rlo
I
o|\
1>
&
N
X
=
N
4
o
00]
o
—
Do
=
i
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o wste] frolH o $Eakgom 100 ug/mlel FEOR W7k

At 72 AR wieF § BES AEe] A4S aakaE B daiaEe] oix
Toll vlste] oS ALty =2 o Yeld MTT assayel 93¢ Ax2ZF4 H7t

Asbsl o1 2849 tHFig. 59).

2) ZEAXES £3t 589 HF

Alkaline phosphatase(ALP)= ZZA| X9 £33} 7|4 Also] F83% 9&
S @93 tHRobey et al, 1992). =FAMx] FA I B3l &3t AR F
sialoprotein (BSP), osteocalcin (OCN)¥} 72 v A dwde Zr]do] A3
g glel]l Fo3d JdS Fsty] "ol BSP, OCN mRNAES ZFA X #gleo] A3}
A AREA o] & F Atk (Wang et al., 1999).

oA ZETAESTAY F3 ZHVF 9 @ ARG sAFEE 2 dEad
s NFoE 2HZAES F3o] Hx= &35 FASEATHTable 21). 2 A3 9
Ak B Ao 50 ug/mL ascorbic acid®}t 10 mM [-glycerol phosphateE %7} o 24

St AAH WHo g ALP activityd] W3S A3 Ay 2IFAH¥E7 &

sl LEEE ALP activitys Z2FAEY F4)o] 19 A8 FolA 2T H}
=

=
=i Ueh} 4 Redude] aRsE 9 wERAEe AEe 49 3 W

M
ot
it
b

#AA Aot (Bowless et al, 1996) ALP EA =7 nAdt Z9 thAHEES A4 o
2 syl m &3 Aol 7] wjEo] HTl AHAS Z=AEMHA osteocalcin®

mRNAZ A 4S5 109 &t st #2edvh(Fig. 59).
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[t L]

Fig. 58. Morphological characteristics (x 40) of osteoblastic MC3T3-E1 cells.
(A) control (unhydrolyzed whey protein), (B) hydrolysates produced at the
optimized hydrolysis condition (C) culture broth produced by L. casei 393.
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Table 21. Cell proliferation and alkaline phosphatase activity of whey
protein hydrosate and cell culture broth.

Cell proliferation” ALP activity?
Samples ) .
(%) (nM/min/mg protein)
Control 100 3.14
Whey protein hydrolysate:%) 152 5.83
Culture broth” 132 5.55

YThe proliferation of osteoblast at 72 hr was expressed as relative % based on control
(unhydrolyzed whey protein)

? Alkaline phosphatase activity at 72 hr to 1 mg/mL of samples

3)Hydrolysates produced at the optimized hydrolysis condition

YCulture broth produced by L. casei 393.
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Fig. 59. Messenger RNA expression of osteocalcin during differentiation.
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3) 73 oA FHEC g3 2SHAXY AME A Ve AF

AE= o 87 xeoly 2EH A Fo= Qe AAHor Abde 3}
AAA == o] T 52l 71l &% AbE-S apoptosiseh st s F <l
of 93t AL necrosis?t 3Tl Apoptosis®] HAHAE DNA &34 oz <l
DNA ¥ 3}l (fragmentation)”} € oy DNA A#H3} A4S terminal deoxynucleotidyl
transferase (TdT)-mediated dUTP-biotin nick-end labeling (TUNEL assay) ®'H o

Lo

N
= e

rot

Fig. 60 fFA9Md aAhws & TERsE o ZA X AlE o

A 715S H7Eg A3 E 4 05 uM Dexamethasone(DEX) #2 A] apoptosis
FA ] vEtgth 25 wAed HIg 2E AR A= A

o] o] F& ZAe]l  apoptic body7t #EE WA fAGMA ghARHEY dg
B =S H7Heh 23AZE Ahd & apoptosisel] 21§ DNAS| A#HA37 A A

Ao} Ao AAHAY. deha BARNE D BEEZ] E2AE A

i
4
o

4) olA}4d A7NGTE 8T =2

L. casei ATCC 3939 freruld wrgfaf&e o Z=Ax f e
d WstE S5 s oAl HrIdEs AAsv(Fig. 61). SWEARE L
casei 393 TE =S T A FEo] HIbeto] w3 & SolHow wgo] Wty =

@A S MALDI-TOFE ol &3dto] 43 A3 2aAxe] Axy @ud &
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Fig. 60. TUNEL staining of unhydrolyzed whey protein (control, A),
hydrolyzed whey protein (B) and culture broth (C).
Arrows indicate apoptic body (dark brown).
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Fig. 61. Two-dimensional electrophoresis images of proteins produced by L.
casei ATCC 393 treated in MC3T3-E1 cell (A: control and B: L. casei
ATCC 393 (1 mg/mL) treated in osteoblast cells.
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3709l @2 A (Evab protein, A630038 E17Rik protein, Ankyrin repeat domain protein
10)o] Eo]Ho=w 3u] o)A o] ZUE o glutamate receptor-interacting
protein 19] 7% 38 o] W&ol ol oz 7439 tH(Table 22). °]5 53| Evab
protein< fibroblast growth factor receptor 3¢} %< homologyE 7= Aoz H
i Holew FGFo 7% MC3T3-El19 A4S F3A7]= sle® B glo] o] 59

FHAATY 2EAEL Ao T 4TS d= Hdow dddn

Table 22. Identification of specific proteins by MALDI-TOF/MS peptide
mass mapping.

Spot Theor. Mr
Identified protein Theor. pI Regulation
No. (Da)
1 Etv6 protein 51,462 6.5 Up
2 Glutamate receptor-interacting protein 1 68,765 6.0 Down
4 A630038E17Rik protein 15,627 6.8 Up
5 Ankyrin repeat domain protein 10 48,004 6.8 Up
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1) 15 SEAY : YA HAY ratS RLZ o] L3 $AHAGNA FAESNES g
I EY AT SR HAF

A7 Et rate] AT WsE 43 A= Table 2339 Z2oh A7 7HA
Al Az AlF Apol= %i?ii‘/]r, A9 2FFHEH dAHET AT dAavE
THY fFoHor FUFsE T dAoA A EHE estrogen AE GA|9} Ao
o2 d#A om Wit AAEY estrogen?] Aol A, AR A
Fol S7betAl HaL 1ol whel Aol Frbsks Aem AZbET Fig. 62% WA A

of WE d#e AV|E v AoT AT FTZ I HE oA GRS AEs)o]

FANES S=due Syt o U ALPY FEE WA 4% A gass A
2 BT & Ak AT, WPC-He} LC-393 A2l FE Has AEIASNE ¥
e gy ) ALP =S Rt de} ] ALPE 74 % @3 wolq feley] wE
of ol v ALP7} Seldoxm 2 F4u vaslel i v4d 5 AW, 1F
Qu wzRE §U% Ayl wWEel Sham Aol WEH FEel ALPEEE %

:‘r:
WA g E Be 2 @4 BAel At Aow AzEd "o ul 243 A9 Fue
Zohebe AFL GEAAT EAA fo4E BaEA et
A

T Al gAY E FYE+= collagen C-telopeptide Type 19

ne
B~
iy
ri
=2
o
ol
L

FEE =A% Aylolt) o] EojFo R EA3E collagen osteoclast cellol <] 3f
=0, olw] 3] ¥ collagen% C-terminal F+2] peptideE°] A =Z K&
th webA C-telopeptide & AHE Uetls +& AZ= AHEE F Ao 34
75 davFETF H|ste] fFeolHoz =2 collagen C-telopeptide Type 19
sEE dEblnh ®=gh LC-393 Fot¢ WPC-H w9+ Sham A2 7-¢}, OVX
= &
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Table 23. Body weight of ovariectomized rats fed on
WPC-H and LC-393.

diets containing

Intial 2 wks 4 wks 6 wks

BW (g) BW(g) BW(g) BW(g)
OVX-control 241.7+11.2 302.7+14.3 328.0+21.1° 342.8+31.4°
Sham 248.2+12.4 274.4+14.1° 290.4+24.2" 294.5+14.2"
WPC-H 246.3+15.1 297.1+19.7° 327.3+23.1° 341.5+21.4°
LC-393 250.3+14.1 293.3+14.1° 318.7+20.4° 332.1+18.1°

< *
(A) (B)

Fig. 62. Pictures of ovary and uterus (A; ovraiectomized, B; non-ovariectomized).
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Table 24. The concentrations of serum alkaline phosphatase (ALP), creatinine,
blood urea notrogen (BUN), calcium (Ca), and inorganic phosphorus (IP) in
ovariectomized rats fed on diets containing WPC-H and LC-393

ALP Creatinine BUN Ca 1P
(U/L) (mg/dL) (mg/dL) (mg/dL) (mg/dL)

ovX 145.5£20.8 0.68+0.12 19.40£2.48 10.22+0.39 7.63%£1.90

Sham 191.8+55.5 0.62+0.09 18.70+2.65 10.17+0.36 6.62+0.82

WPC-H 193.1£45.0 0.64+0.21 18.26+3.12 9.84+0.23 6.75+0.99

LC-393 193.7£38.0 0.66+0.18 20.01+4.18 9.86+0.33 7.26%1.12

40

35 A a

30 - ab

25 A

20 -

15 A

C-telopeptide type | collagen (ng/mL)

10 -

Sham

Lab WPC-H

Fig. 63. The concentrations of serum C-telopeptide type I collagen fragment
in ovariectomized rats fed on diets containing WPC-H and LC-393 (p<0.05).
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o] A3= OVX AgFollA FzAaxe] ofsir s = o AF7F Shamell H]
ste] A YERES 9udit gy Eg WPC-HY LC-3939 §97F spZAlxe &
Be ATl 748 = e doew dddn
e 24 448 Uetd Ay Table 249 2tk 249 42 A
T3 LA AAE HAL doemR dAl AR da AETES U HHET
of vlgte] #=& ATS YERNA L, 2o wet femurd] Zolk F
Ao Ta AEol ofF dEI o Zolo] FolH Aol= HAHA Fohth
OVX Agl7+= v Aol Hlste] dEzo o7l &2 4ds B
W fredor v dEZe FAS Ut 53], dHEe FAE ATo® v
< H A Z 7 & Aol vete] £ s vE
Wdeh o= da AFol g 4 JAol Aauol AT SUHE wFol FA4 X
71wt ez AzdEn AT das HET A AF(WPC-H, LC393,
OVX)ztel fol& o7t YethA] & ®EH oiE el FAA = WPC-He
LC-3939] =] Ael+7F Fof4em =3t
dEE W 57149 FS o= BMCe WAaA
ARy vrgtom 1C-393& Holg Az folde vi
714 s YERTHEFig. 64). WPC-H Ag]FollA = da A& ATt H]sto]
o YA RS 2o o= LC-393% WPC-He wold 9gte] =4 77|14
Fol ZUtE AR AAHY, gy =2 LC-3933 WPC-HE Fo& ZIAX
o AE Fddte A ¢ dPAde dAete AFS vElsler TSHow
=@ Skl 71t Aow Atrd
qE o] Hy=E u7tx] 4~8%HE & Texture analyser(Stable micro
system, USA)Z A3 A3= Fig. 669 ot ¥4 d&F9 A <F 10 kgl 3
< FetA =S W diE o] Tyd Wk, dAh v A S A s Rt & ek
12kg)o]l L3 Ao el T3, WPC-H9 LC-393& FoJd Ael 7o 49
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Table 25. Physical properties of femur in ovariectomized rats fed on diets

containing WPC-H and LC-393

Length Weight wt/bw BMC
(cm) (mg) (mg/g) (mg)
OovX 3.38+0.08 4701+269" 13.96+1.24°¢ 263+13°¢
Sham 3.43+0.05 4986+287% 17.36+2.48° 289+25
WPC-H 3.44+0.11 4881 +379% 14.30+0.98" 271+25%
LC-393 3.41+0.06 5075+302% 15.37+1.47° 290+23%
125
a
<120
cE> ab
>
E
2 115 -
[72]
C
(0]
©
®
o 110 1
£
€
(0]
C
2 105
100 - .

Sham OovX Lab WPC-H

Fig. 64. Bone mineral density (BMD) of femur in ovariectomized rats fed on
diets containing WPC-H and LC-393.
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Fig. 65. Breaking force of femur in ovariectomized rats containing WPC-H
and LC-393 (p<0.1).

- 145 -



2) 22 TEAE  dA& AAE ratg EEE o] &% FoY FHEF TEEAE

o AR W A FE A

14 493 A2 da AAE 44

AR A gl toll mlste] w2 AlTS WERWHY (Table 26).

Table 26. Change of body weight during experiment

A oore Ae ot da dAE

/\EI

Initial 2 wks 4 wks 6 wks

BW (g) BW (g) BW (g) BW (g)
oVX 246.8+12.2 303.4+255 324.52+36.9" 325.1+38.1°
Sham 2425+12.2 262.3+19.6" 269.5+19.2" 272.8+16.6"
LC-393 1% 241.6+8.1 300.5+12.3° 319.8+12.7° 318.1+13.5°
LC-393 2% 244.0£9.6 301.8+12.6" 309.8+22.0 318.3+29.8"
LC-393 4% 241.5+9.2 305.0+19.4° 324.2429.2° 334.734.9"
WPC-H 1% 239.1£105 297 6+14.4% 316.7+16.8" 322.4+10.4%
WPC-H 2% 241.8+8.4 303.6+15.4" 323.0+20.4* 324.4+28 6
WPC-H 4% 235.2+11.5 288.5+17.9° 314.5+25.4° 313.2+32.4°
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Fopabsl #ag g O g¥e] G2 S4F FIE Table 273 2k 2o A4

B B A= ALPE WA AEe gzl wste] & Aol BF &2 9
FS UeHllt LC-3935 Holstdls 4% w9 F5ol S7MEsE ALPY sk
s7hete AEs Beloy, WPC-HE w9stdls 49w e 43S vetilow
creatinine, BUN, Zs, 919 &2 =% A7+ Zol7t i)

Table 27. The concentrations of serum alkaline phosphatase (ALP),
creatinine, blood urea notrogen (BUN), calcium (Ca), and inorganic
phosphorus (IP) in ovariectomized rats fed on diets containing WPC-H and
LC-393

ALP Creatinine BUN Ca P
(U/L) (mg/dL) (mg/dL) (mg/dL) (mg/dL)

ovX 145+61 0.62+0.04 2052395  10.21+0.57 7.75£1.61

Sham 15535 0.60£0.05 19.30£3.40  10.40+0.47 7.40+1.59

LC-393 1% 170+43 0.62+0.04 1974319  10.10£0.54 6.87+1.41

LC-393 2% 155+38 0.62+0.08 20.2245.15 9.8410.89 7.04£0.91

LC-393 4% 18247 0.65£0.07 22.15£3.19 9.9210.50 7.92+1.00

WPC-H 1% 17756 0.62+0.04 19.27+3.63  10.07+0.46 7.75%1.28

WPC-H 2% 172461 0.60£0.05 17.95+3.54 9.911£0.64 7.72£1.61

WPC-H 4% 16740 0.66+0.07 224246.32  10.00+0.62 7.22+1.78

- 147 -



gEEe dolt Az Tzke] fo4 Aol glglont FAE OVX AT mE A
2ol vleho] frol4 oz Wokth(Table 28). A2 T % LC-393 1% WPC-H 2%°)
Aol A dEZe] FAS St F3sksith BMDe) A wa GEel oA 7

!%
adgom AeTE ANE gETo ve] £ TUES ek

Table 28. Physical properties of femur in ovariectomized rats fed on diets
containing WPC-H and LC-393 (P<0.05)

Length (cm) Weight (mg) BMD (mg/cm®)  BMC (mg)

OVX 3.35+0.93 422+27° 162+3° 206+24"

Sham 3.31+0.95 463+14° 178+10° 329+18"
LC-393 1% 3.35+1.35 468+21° 1715 315421%
LC-393 2% 3.35+1.11 451+13° 16746 315+22%
LC-393 4% 3.40+0.60 464+14" 168+3" 326+10°
WPC-H 1% 3.42+0.93 465+18" 169+4™* 319+18"
WPC-H 2% 341+1.28 477428 171£9% 33123
WPC-H 4% 3.37£1.69 45125 168+6™ 312+15®
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Zo] AFA Ars 243 FyPRAME Ui dAd o =] Zw} vtolx
= Ao ¥ Yrh(Fig. 66). LC-393% WPC-H Aol oJate] #e] w7t Z7hst
Qovt ArkrFel e = Bre] wes A Pk emE AR 0 &
WU bR Bl MERHAES 1% olshe] AhrEd FUES FAAYE &
g 7= Adow ddHn
12000
a a a .
10000 1 a 2
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q) b
e
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0 .
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Fig. 66. Breaking force of femur in ovariectomized rats containing various
concentration of WPC-H and LC-393.
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Z Ao o8 ddo g FUF = C-telopeptide type I collagen fragmente] 3
A Y FEE FAHI A= Fig. 67% 2ok OVX A T7F o2 A Gt vy
FoHoR & T2 veow LC-3933 WPC-H dFojdl ¢ alA C-telopeptide
type I collagen fragment®] <5o] #AslE Aol gawdct. oo Axbel #AF3)

A A7y wol e J&Fe dEHA ot

40

30 A

20 A

10 -

C-telopeptide type | collagen (ng/mL)

0 - T
Sham OovX LAB1% LAB2% LAB4% WPC-H 1% WPC-H 2% WPC-H 4%

Fig. 67. The concentrations of serum C-telopeptide type 1 collagen
fragment in ovariectomized rats fed on diets containing WPC-H and LC-393
(p<0.05).
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