T

FIEEY

()

i

5

Il
r

11-1541000-000718-01

(The development of organic Ca supplements by
Ca—milk protein chelation
and functional powder Product)

Za-wttE Zolgd wIid ZaAAe otdY,

(Evaluation of the Saftey, Bioavailability and Efficacy of
Organic Calcium Chelated with Whey Protein)

off
¥
¥
2
1>
)
4



=
=

ZIEisE Amad A Bl

o

o

I

EEEEE

DA LT A (A F-A g7 TR 2 A Al 2

CERERE

il

B371 ) maAR AZFU

- =

3L
=

129 17

20104

LI
— aﬂ

T N

~ N

B B
el
N N

,.__AO
wor

—

A
0
_

B
il

A

d

B/

2 A

=

B/

Nfo

B

Tor

‘mo
)
B

Ho
B



2 o B
I.A &

oY 3tE F uZw fUIEst AFaA i 9 olE o] &3t Vs
1

A AFAel AgHE P BERA A, 47
BAFFES wolt Jo deAm vk £F, oy
]

A

Z v H 40% olye &
=

=g ngea Yo} Do 4
F 0 AAEFECIER)E T2/ 9 AL AT+ GE @AY l2FS 7
A3 glvh

AFAAEA vl 24 L AFANLE WAFAD Qo] HFAm @ AEY AFgo]
Q78] A7) o] AP hE ATL o2l FS 711 ek,

B AT oefd BAS I8 9% QBow fyuude] Sy FEagid),
B BEH S (AWA, Belold 757 B)& BEsel TIH BHS Sy Be
Y FowM HF 71U BerAR Awasct

A%, A7) BARE Ada) 9% wow, $u Aol wEe 4T 5 e o
koA DH—FIIEE AA AL Bl AF DHFTel ME Yy @ A7) ol F
FrhEF 59 wAB AW WAIE a7 Sdw A s

2. Ze-F99d o)y #7H ZeAAY ¢HA, Adolsd H &FH7}

2008 HlAZFd Aol ok, Zd AATS A A" ARE on] F
Aol FE3 AHelw, g JFye ZEF AAFE 700mgolv AHAES 7IFEUv]
65.7% Jxoln, Hd =2 b =otok & 7)o Zd AFAH
2 PR ou] 50% FFo® YERTh

AEAR] ZE AFAY] F5E A5 ARV A 2dEE WFa, A7) obse =4

Aote] A 3)gte] S Fol, A 3
HITE S7HA7162).

e, A FES 447 2 A4 701F (Fohes A %ﬁ]i Tk, T E A
A (CaCl, CaCO3) thH] 7Rk Ca—WPSAIA7F &7 AFAl kA, 21141:;‘2—4%, =94
0w 9 A5 A WSS AES A ekt Ad9E Eﬂii A% :
4 AEst(AFSDH o HF 58S T F=dY HES A7 AA el w}%— A, Al
Tras 9 =AY FROE et HAsG o, arhyFedl W X 5ay A3 7%

A3z dgstaat st

i

)
i
AN

N

i

A



1. ZE-F7188H(Ca—WPS) 24§ 7144 49 Aoy 7HA+
2 Aoy 714 feud A
8 FUlHs ZEAAT Adeldst e

& ZAdeld g WAF 17 Fdish 7IHA
714 g Ay 1% Ao’ AA (Ca—WPS) Ax=71H AH
at. Ca—WPSH m| A& A7 FH

7} 4 ,
o #5b B4 (FPLC #4) 4 %)
1:]- Z o

da—ZAdold
- A4 " Fx2EY, 2ol Ve 4%
gh viRks vidld 9 5402 (Cl-) 4 ICEA) A
ok vlE AR R, AEeRTIE)

3. Ca—WPSe| #Al&484d B7tA+
7h g FO1H ZaAA ob A48 kg 9ot
L g F71H ZaAA v 9 24w sk gt

4. Ca—WPSH AR AT 9 BALE7F o+
7h drobs AENETIE CAtAD, gAY A s
Al E gAY S

ot Ca—WPS 284k 2 Algd FA4d 37t

eh A (FAY, A1) dAy FHAT

5. Ca—WPS Al&Fst(Adst 9 #HAg F=)
7FoArdE A8 AgAgds (e 8, 9 BAke 99 E)
v A Ay gy 9 giggaa A" g

o,

6. Ca—WPS®| = Ee87t
7 237871 AF oA Ca—WPSAIAS] ebdd 2 A&
= EL

i )
. B0h3% 29 AF)4 Ca-WPSAAY A

i

4 B AR

Aejabel) ) E 357}



V. Q3422

1. ZE—571EH3 (Ca—WPS) AlA] /M AT

7h AlataA kel w

Fol 7 A A 2

S

He &

3
o ™
o o
Ca
oF W
=K ofy
blo
A
N
i~
oo TR
e
— o
"o
o m
F o
E%
o il
o
3
J_.NO
g
=y
==
N B
- B
LU
i 8 F
EELS
;ﬁ ,mm.h
W K°
o m
wa T
oo
o] X°
~
=
7 o
ﬂl,._ __ﬁ
oF T

shlt.

e

X ~ T oo <
i Jjo Ko
® S -3 =
o R N X o ) e
=r ol Alr o > Z, m
LU e o < = N
T+ m W R oW T = ~
HT_ et _E = N
Plo 7 wo X 100 oo AT a4 0 BE
T S = S A T
— o X s ™ T N o N N
A aamﬁ QWW . Mc T @ﬁn ojn Mﬁ Bo m =
® o o) 2 = I 0 — ~
[ G o = X m = 70 0" 5 o < =0
Bl TV T mre ¢ ERET 8% M55 w
2o 25\ o ORI - A =X 2L mt e
i I P L Bl p Y BRI L
g X iﬂ]..@vmr il = AN WO & WX R ol Wﬂumazojlojlojlojlo
T_..Xnmﬁ.ht?avdﬂwcwd > DAL -+ Kip " Ll_n;.u,AXAA
o LR Le T oW gady T m X R R
foﬁmrmcjhﬁ%(@ﬂu - B ﬁoufafaa L TR o li
eEBZ2we 3w T UoZe TxY¥IEwTiLs
CREHTESREET ﬁFﬁmm%w%c%mﬁﬁww%wﬁ%
fo} . . . - = . .ao ~n .HT_ . . . ,._.lu,l .ﬂ:.iﬂ . . . .
SN TE NS S i s o S N N T TR
—_ 71L_I‘U_I [my N N o N < N o) N
< oy o N TR o = o
W o olo o 22 il m o " w WM
=" = T T RFT T
= o ol 1 g
) e Ty et (|l e ! e o 2 o
=1 0 =~ O T o T 0 3
N K R A C K T o= ar
7 I ~ [l B o od {jn — T 3
e Ee N o %o v ) Ee v =1 Ee N i
ol I . S N2 T g% oF H oy
o oF 0 e _ - ooy gr ® olo 0z [~
T o X Jn o 71 oA o o AT 2 | X o7 =o
[ W o W W E g m@ T WoEr 1 o) T = wwﬂmﬁ =
Rlpe Tp - ©0 S o CEE - D
ol R - o E o B
maﬂﬁaauo o At m© ol X D © o oy =° To AL 2p mO
X HHL.O oo o . AﬁMOﬂﬂJL 7o o olo Nq SR m-wom,ﬁ.oot o X 2o NS 1
W |z mL = FR RE e Ny B za q_,t = zlﬁu Ky a,_qmmu ) ) x
%@ﬂmﬁﬁﬂﬂﬁ%ﬁ TR Ky BORwY o R o
o= T oo % MR o N N wmo T 7?@%@
Hoy — T g Ao IR | ™ ogn e T B o mn g B
PR Emw Xoow EFoWRm BRg Vo e R
ﬂoﬂovsx o o) X gy PA = o X IOLA
R T < U T noae
—_ N N N o N < N o) N




U, ZE571 83 (Ca—WPS) Al Al 7R+
AT AFEdAAA 71E AMgsta Sl FUIEE e
A, AdETE 9 AAol&E At A 879 S
o} WHo = d|dsty A vt S duAF 9 A= 7
(Chelating) ¥4 715715 HAsta e, o] 5A4S &g3tnzA Jdd 7154 42
& Jhito] 7hsshel FESSITh
1) F71Hst Axg 7|ddezd Adds o 71d g
YA J7te AA A=Az §F AAEE Jo §3
S HFTATEH
2) Aoy L ZHEAT A7 WPSel Adold S s
RowA AFHIER F7FE FUHE ZEAA 6% Adedsd, 8 HgdH Tt
5 AA EY S, FJA, A4, 53, B4 dY) 9 olsE4 (pH, EC, AHF, &34,
FEst ) Wk 7HE AW A3t w (CaCl2) & Adskaint
3) FAAANAE (FTA)HH
7hH Ao wE A zpd At Qo] AT W AMEAEE G ol
E WA Ao F3te] Ca—WPSAAES HEoak3ich
) WPSH Zge] Adol'stE flste], WPS fredo] Hi35 4
S
]

L 18%9 FUUAE fay o

=
A (Whey Protein, ©]3F WPS)

o>
X
EN
2
=

| o

7159 &5 FUs stes HA HEg5EE 80~95TC 183l RESAIZES 1AIZE ©
2 ofleh ofu] WA iy 2 1.29F HE&E sl

tHCa—WPSAlZ & dofzZ+ 2 54 F0]2(CDe #A17l= NF(Nano Filtering) A| 2~ 5l
AXRsde 49 Sdsiled, S50l AAZES100%A

gh) WPSY ZgZddel®d #d 757 A& FT-IREA S AAlste] glstglon, FA|
of A#olgsle] WE ZEd WPSE Afel wE shstyxe X314 (XRD) <,
HEHs W AR A7]= SAMEANE W dsto] A ASHSI T

b FT-IREAA 7 2+ Aeel” 34 71575 —~COOH, COO-, —SH ¥ -P7} F2
g 7le71en, ol mEAEel wEt dy WPS din] Ze] Adel’gads 10
Hi~2081 8] Aol E BT o]F BRI AR AHFHL olF 208 s HQl A
e et

4) Ca—WPS9 3}&z74 A3 : HF Axd Ca—WPS9 Formulars X-ray
Analysis(XRD) & %3l  ZAFSte] 2 A3 Calcium  Potassium Phosphate
Hydrate [CasK2 (PsO15)-6 (H20)], Calcium Hydrogen Phosphate Hydrate [CagHs (POy)-
6H.0], Potassium Calcium Hydrogen Phosphate [CaKsH (POy) 2],
Brushite [CaPO3 (OH)-H20],Calcium Sulfide Phosphate [Caio(PO4)sS] F+ZHE) (75 Y
ZHE HEArsta dslew, 471 10~100 g mo] W At

5) Ca-WPS ZgZdoldas : HFAxdE Ca-WPSAAW Zadiz
80,000ppm~100,000ppm™H le]R o A& 28% % o™, YT FHA=ZA &
WA 40%017%, =AY 3%l 28il FiRe 0%E skl AT

6) Ca—WPS AF3(A P2 AN FHAF © Ca-WPSAIE (AF) & AHAEo=E A3
(17/1,000mg), &Hg H7HA & 2 FAto] §olates AHHF (148/2,000mg) &=
HE HAA9E dHaled, AP CadFdF> 100mgl® 4 skitt,



2. ZE- RN Aeold
19 eold BadAe G

A4, AU olgA

s 2597

o oz
1_‘_12:1—4 %}_—_/é\,o
Ao olﬂ%aﬂo]/}i Aze o7
)l b 7L/\
g, A ol g4, Aer)es W j];C; WPS) 7} A 47
= = /\]-oﬂ U] ]1_ o
= gk

_u
52‘04.

7t 437 2
° ?‘s—ﬁoﬂ/\-] C
29 ljﬁﬁ 987 fﬂ%ﬂﬁw]xjﬂ &
H o= Z:LL,Q_ =]
369t = 671 ] i;}q H] o 3} LA} O]'/vﬂ\]‘:‘r
Zee A5 T oﬂ;;;n=6/group) o AR 4:
% s F/]- A < /v\]:]‘
@j‘rx}g ?Od?,\_% 07];? (0.5%) T 317+42
HE o |, T TV = —r—i—
Ao /! F71H A Al AL SO % st 651 /\~(1 5%)C.% YL, Z
ﬁlﬁgoﬂqogq Jo] ez AE 1 AE A o] 2 h2io] 2ol
e B Aol wo = oozt vmatel ol F S AAE
H &9 = 14 okok=x]wk 3ko] A= ok 1
o] A7 AA B 7V <5 . o A Ao Z7}sk =7}, Aol AdH=E o
9 9371 33w 4o, B3 urd B8 v ass uead,
o . GPT, T-bili LA A 3
@j o] T—b . i O?%]:
JJr7Tr7]F41 ﬂ/x;LO] EHZ;LﬁFme) A% A (BUN,
j [ e Hlaste] g A ]l wart creatinine, uric acid)
w9 Ad3e A% ﬂ’“«]:g_oﬁz 7} UERA 9ol s =4
—'%7]1;]] 7]_/\‘?_]:;3773/\]—’Hﬁ E./] Tﬂ]ﬂ_ Egoz] 7]_01_0% }\gxﬂ O]—]g_ ]'OI-E]'
°] o]gAdo] -t guf—ﬂ/\]?b" Zr4 9] mj [t A A R ey
T W= e ch o wa =7}5
AA . ) o]-O%

N
W olg e B e

Jo

ofo
O o_>{_,

oo

=
2 o
\d

. H2
>
13
o?a

0
4
>}1

12
N
14

o

RN _‘}'_1:] Qﬁ
2% -4 #AA Ca-w
A ( 200 M = dad A 45 PS AAlS kg B =
_} ﬂCa—WPS)% P =7t ABHA) R & ; 2 AY AL n = EHF I}
=L o LS A =1 R K1) _
steitt. 854 = Holsto] 2 2l Zrhy= Rd 3 37HAE2
=2 97184 (Spraugue—D o] o]g/d} ?;—"7—:‘11‘411}; el S ol 7] H 7]_]/\
= awley rats)357Fe] = 1/]—] n| x| = ogre 37)E)
A oralA
A A slo] & JR +
77 é@j_, % }\]—7]— ] —Lﬁl—

odth i
>

Xiyl_/\/\]o]
0.1%) =
Z(0.1%) 9 B4 4—;‘]]— Zolsle] Ty E wul
v . SV ZE RS
o|E 457 FoF J}\g}\(}jﬂ—rt, 0.1%, Xé’;}z,:;r O47Hv4 Fo7 1}
ol <5 0.5
18 ﬂjtjf- 1 AT, GaEA %, L5E 1.5%)
2t A H o B 9} 4577 AL
2 ATt BlE) 1ol =
ol )—\JO] /\45”3]:
37Jr )

1
a- =

bl ‘”
2

)
MM

N
% o
1>

Jo T
fo
e
2

ox 3 19 o
|
o
lo
it

fllwn
N

uns

oy

=2

v

DX
oo

=

DX

i §d

3@

-
Jo
N
ry 32

O:

°
s Y
X ot x
o i
o
i
>
o
k
rir
i
i
X
A
i
HN
1
2
%
lo
il
1._‘
1_
. o
~

FS‘J;B
N
i

o
rﬁ
N
o) )y
o filo
X
A\
fa)
o
2 o
iz o
o
Jo
10,
Y
o d

8 -
il
N
o
i
[-‘O

il Fﬁi 2 o
i
St
2

4y ol 1o ki o

rlo
W

-l-‘l'U\.,g,ENg}i
M e £ o Jo O
o X
2
1o
1OFEHN0E:1
(o]

o o o o)y M [o o)

~
i
¥ =
o
Jo
N
fuj
N}
off oy

o
N
oy o
il
N
rir
to
N
il
1o
N



zgae
QA7) BN A AR G718 24 (Ca-WPS) O AH mAE 4%, F AP
B s AE, 2714 AL AAWAE L FAGA] QoM 1 el AgHen, %
%o Aol el UM E HEFOR ST Daitdel wal 58 Zow Frhugl,
TUEE B BRI AL f71H 249 HAE HET U QFNA W £A(FEY, 2
FFF, M P B RE PN FAAE BAE whTh

o3t At A ALH RUlH B A BERFAZA $5G A0 FAE 5
glow, 53] FrhyEe] s AR QoA fFaw® Ao AmHt

A7 7

A e AR
(Ca—WPS) 271 &
71448 4 Ay

ol 7T

1. Z Aoy 714 g frabwa Aduk(gkg)
ZA 2T o] FA k2 (WPS) 4wt

2. 748 TS 2 AT Ao’ s 2t (¢R) 1 CaCl2
3. 2w Aol Sdg 7= (e 7] SEh U

Aoy Fo7IH 4 (10~208), ¥+ 715 7] (=COOH, —COO™, =S, —P)
4. 14 Ay uZbg Ao’ AAAZ7IH I (¢R)

: Ca—WPSAHA|, 24 &7+ (85,000~110,000ppm)

5. Ca—WPSU v & Al#71¥ 5 (¢k5) : HTST(85T, 15%, 13])

Ca—WPS7l 27t

A5 33
A

1. 9y B (¢hg) @ @A A geakE vud &
Apek BAW (253)  FPLC 4

A ,Agold 7157 A4
4.7 RS vy 9 EAjo] 2 (Cl-) A4 (9 8) 1 ICEAY]
5.w DA EF AT (A oFA)

. Ca—WPS9 AE
A8 FrrA T

L& 71 esl 2 Al v A48 b 9@ 24Wst Fr7H e s

. Ca—WPSt &g Ak
U Adsd+ 9
AASF 7 AT

1.9 ok AEME 71F= A, dgFA471H d5 (gks)

CAAIE 33, Al AR 23] AR

2. Aled dEEAA1 A9 (998) t HTST(85TC, 15%, 13])

3. Ca—WPS A 2l A H AAAd H7H(ER)

:Ca—WPS: 129/Ca—WPS 1g(Z43+% : 100mg)

4. AFB}(FAE, HHE) 1 15.49/17F S 1428 (Z4+% 1 100mg)

. Ca—WPS #¥&3}
(AP L HAY
45

1. A3 488 AFdH(&R) (e E, 89
2. A5 g 2] 9 oA A8 A9 (2kR)

1. 7718 Zs v f7188 245 (Ca-WPS) 9 54447
(&%)

—baAd W 7 xa s (BHE, AUSrE g :

2. 718 2 oy 571 e 3 25 (Ca—WPS) 9] S E5UA @A 7)) 254

- ISR ELH A7) o4 Ca—WPSAH A &5H7HR)




2. 43re 9

&z
= XLHE
o E.Mm
7o e M o
oo Afhoho 1_7% wﬁ_ﬁ
o#o J@l;&;&o\“ﬂo =
= S oy W B
.o< —,A )}
= luﬂ?% A o Gl
n dlo"*Eonnoz_.‘o H _ =
W;.D ‘Lle B e 2 ﬂ l_l = ~
=T E ﬁza% c3 B Ho
= o E.ﬁ‘;loMzTATaﬂﬁ«/ =T :.L :.L
~ 4A.1r melﬁ s n iy A o
QHO 70 _/D‘IFXZ HE OwA
~ X Tﬂ_HJXI 0 s
o il )Jle " 0 M = m Jo o
G 1o N o = X = oo P]o
= ﬂ%%cﬂmﬂﬂﬂ% @ogm H %%%7%
% — o " L
%0 SR M],T " N ,..A..o % =K ‘ﬂm - <l l_l l_l N 5 uu_l
In _dn‘ur(\ ﬂ/ﬂ])ZlHH U ey 7 u_x‘urll
3 9 i N H_TJL "TORT o
5 W_%ﬂgﬂl7 O 2 o R Mo B
— ~ o.xXo Auﬂmﬁm/ﬂ ~ ﬂ]o £
7a1§@ﬂm 2T 3 2L TE -
oWWAw1wﬂw 7 B g how it -
&oﬂm_.\ol71dr|ﬂmﬁrmv| ﬂlunu_m7 o+ 7%/”5010% ;
ﬂovgoﬂwa_ o @_7% g f&..%ﬂ " i
i = = o Z I : z °
Wﬂ@ W_Emﬂ_,_uwm mumﬂﬂoﬂ)w %%oﬁﬂ%é ﬂulﬁr
Oﬂmn}gﬁﬂﬁ7 Jﬂ_pogoﬂ lﬂ%%ﬂ B
HafoLtz,_v_ﬂqu.x = N i »xﬂzﬁﬂﬂgé7%
_éﬂ%alo q;@]% ﬂ}@éﬂodm_
= RO HE R o o s T < of oo — T o in
2 A Aol N o o Z ke O e R
Nﬂ%ﬂ@ﬂv_JWU B B PR H_TH_Tn_uu,Mﬂkﬂ
Kw}....wo% qﬁnﬂﬂog 11@%@ﬁ@;%
Lﬂ7ﬂ1.Nn b 3T H 5L
HovHT%ﬁﬂKﬂ 14]7Lﬂ H‘oﬁo;ﬁmxﬂ%l%ﬂ
R 31%%LL S O N = = g N e N
L N o gl gl — el ok 2 i RS = o - B
RN =T wﬂqék =r oo B R
__7 Xoﬂﬂwqrnﬂ%,_mﬂ._ e nA_Imﬂ‘HloUJ oK
w Qu._ HOJM.XOW @OOHHEA}.@; B
T = ._zmna? la%ﬂR7zﬂa
In Sx o3 i xoﬂlgl_7ioﬂ
3 Pﬁo_,T < ) oALPH_TﬂrnnmJﬂ
< = T 12.3..Uz§yw
o E <53 LN
iS¢ 5 ~ :
in Su.xll Eo1r ‘WPO
1ﬂ1ro‘l.l W_\O)x_ ‘mﬂﬁo
= M _@omﬁ o e
aﬂ DL;&
SR =
Gk b
S X
o8 T
. B
(4]




SUMMARY

I. Title
The development of organic Ca supplements by Ca—milk protein chelation and

functional powder Product.
II. Objective and Significance

Currently in case of inorganic calcium materials used for foods industry well
known to low body absorption rate within the maximum 40 % for intake Also, it
was difficult for using excess to satisfy recommended nutrient intake.

Low levels of calcium intake for recommended nutrient caused deficit Ca++ ion
concentration in serum and finally it caused osteoporosis because of consumption
Ca++of bone. A case of the adulthood included period of growth phase, especially
women after menopause should be decreased bone mineral density because of
consumption about 10mg a day. However, commecial inorganic calcium materials
reported bioavailability was low compared with intake.

It was very important for calcium concentration maintenance regular in body fluid,
if decreased of serum calcium concentration was parathyroid glands(PTH), vitamin
activity ([1.25(0OH)3sD3]) and increased calcium(Ca’™) in cells. According to high
blood pressure, obesity, preeclampsia, menstruation syndrome, polycystic ovary
syndrome and hyperthyroidism related on osteoporosis occurrence mechanism. and
deficiency of calcium takes by—product(being digested) can lead to colorectal
cancer and kidney stone. Therefore, calcium deficiency was caused disease
(osteoporosis) through resorption from bones and kidney. it was required to
alternative regarding prevention through medicine be able to increase of intestinal
calcium absorption or method development.

Finally, plans to solve the above—mentioned problem to disadvantage of inorganic
calcium through organic Ca development on calcium deficiency of Period of growth
and after menopause. we will studied to solve disease occurrence mechanism

demand regarding old men such as osteoporosis.
ITII. Contents and Scope
1. Essential analysis for Ca—WPS chelating material development
A. We establishedof Essential analysis method for whether nutritious

component change confirmation or not for Ca—WPS in contradistinction to sources

materials. We established it through classified analysis methods were used HPLC



analysis method for sugars, organic acids, ICP analysis method for mineral
analysis, FPLC (Peptide) analysis method for protein analysis, was FPLC(GPC)
analysis method for Molecular weight analysis, FT—-IR analysis method for
functional chelating group, IC analysis method for Surplus calciums and toxicity
negative 1on removal efficiency, XRD analysis method for chelating Structural
analysis and EC analysis method for chelating responses and toxicity negative ion
removal efficiency. And than we were apply to study for calaium—milk protein

chelating material development.

Analysis Methods Results
1.Established of Nutritious component analysis|1.Establishment completed Nutritious component
method. analysis method
A. Approach method of theoretical A.Kjeldahl analysis : Confirmation of Crude protein

: An analysis method establishment need for| B.GC analysis : Confirmation of fatty acid
nutritious component change confirmation for| C.Crude fat analysis : Confirmation of Crude fat
Ca—WPS preresponse or After response in| D.HPLC analysis:Confirmation of Sugars, organic
contradistinction to raw materials. acid
B. Approach method of experiment E. ICP analysis:Result of calcium chelating analysis
. Established of analysis method.

2. Established of molecular weight change| 2. Established of analysis method.

analysis method. A. FPLC(Peptide) analysis

A..Approach method of theoretical . Assessment of molecular weight

: An analysis method establishment need for| B. FPLC(GPC)analysis

molecular weight change confirmation for| : Investigation of protein molecular weight and
Ca—WPS pre—response or After response. migration pattern in case of heat treatment or not.

B. Approach method of experiment
. Established of analysis method.

3. Established of analysis method on Ca—chelating| 3.establishment completed of analysis method on

effect. Calcium chelating effect.
A..Approach method of theoretical A. FT-IR analysis: Analysis of regarding functional
: An analysis method need for morphologcal| Ca—WPS group
change and regarding functional Ca—WPS group| B. EC measurement: Measurement of
pre—response or after response in| Calcium—chelating Response efficiency measurement
contradistinction to selected milk protein. C. XRD analysis : Analysis of chelating Structural
B. Approach method of experiment analysis
. Established of analysis method. D. SAM analysis : Confirmation of characteristic

4.Established of analysis method on residual calciums
and toxicity negative ion removal efficiency

A.IC analysis: Evaluation of negative ion removal
efficiency (safety) in split PERMEATE by a
washing step.

B. ICP analysis : Evaluation of investigation on
mineral content in PERMEATE and RETENATE by
a washing step.

4. Established of analysis method on residual
calciums and toxicity negative ion removal
efficiency

A.Approach method of theoretical : Need to
residual calciums and toxicity negative ion
removal Ca—WPS group After response in
contradistinction to selected milk protein.

B. Approach method of experiment
. Established of analysis method.

5. Established of analysis method on | 5. Established of analysis method on  microorganism
microorganism * Microorganism analvsis method of korea food and
A. Approach method of theoretical : In case of drug administration Korean Food standards
Ca-WPS  products development we  need Codex(standard)]
forecasted Infection microorganism confirmation
and control method.

B. Approach method of experiment : Established
of microorganism analysis method.




b. Making of organic calcium(Ca—WPS)

In this study, we purposed the existing disadvantages of inorganic materials
using (safety by toxicity, interior of the body absorption rate , and solution
demand of bioavailability ratio decreased ) in the organic—mineral method that
introduced Chelationg technique in the foods industries.

Milk Proteins and fatty acids were utilization and development was possible
with this functional characteristic to be maintaining it regarding Chelationg in
milk. and we used whey proteins which were substrate protein and then used
CaCl2 which were calcium material, and we developed Ca—WPS.

Making Ca—WPS, we treated the protein to maximize the functional group for
chelating of intrinsic protein with chelating activity, through maximizing the heat
denaturation factor of protein. optimum heat denaturation conditions to achive the
increased calcium chelating activity and optimum time 80~95T in 1 hour.

The result of FT—IR peak analysis on functional group related to calcium
chelation of the manufactured Ca—WPS, showed that the important functional
groups are —COOH, COO, —SH and —-P group. and source of WPC(whey
protein) in contrast to difference of preparation method, the calcium chelating
activity of Ca—WPS supply a contrast to 10 to 20 folds. Thus, we established
the preparation method with maximized chelating activity for manufacturing.

The result of X—ray diffractin analysis(XRD) on the manufactured Ca—WPS,
was showed that it was maintaining a form structural a union with Calcium
Potassium Phosphate Hydrate [CasKs(PgO1g)-6 (H20)], Calcium Hydrogen Phosphate
Hydrate [CasH» (PO4)-6H,0], Potassium Calcium Hydrogen Phosphate
[CaK3H (POy) 2], Brushite [CaPO3(OH)-H20], Calcium Sulfide Phosphate
[Cai10(PO,)6S], and 10~100 #zm of particle size.

Calcium content of manufactured Ca—WPS was 80,000ppm~100,000ppm range.
and production yield of 28%. and Its nutritional composition of it was above 40%

of protein, above 3% of crude fat and 0% of carbohydrate.

thH Product of Ca—WPS (organic calcium)
We made Ca—WPS product as tablet type and granule type. Calcium
concentration of Each type was of 100 mg(of which contained Ca—WPS(Ca—WPS
1~2 g) content.

2. Evaluation of the Saftey, Bioavailability and ZEfficacy of Organic Calcium
Chelated (Ca—WPS) with Whey Protein

This study was performed to evaluate the safety, bioavailability, physiological

functions and bone metabolism in growing rats and osteoporotic model rats fed

diet containing organic Ca chelated with whey protein(Ca—WPS).

_10_



In experiment one, It was aimed to compare safety and bioavailability of control
(CaC0O3)and Ca—WPS in growing rats. Four week—old male rats were divided
into 6 groups (n=6/group) and fed AIN—93G based experimental diets containing
with 3 Ca sources; Ca carbonate, Ca citrate and organic Ca chelated with whey
protein (Ca—WPS) at 2 Ca levels; normal (0.5%, w/w) and high (1.5%, w/w) for
six weeks. Although intake of developed Ca—WPS did not show significant
difference in weight gain, food intake, and food efficacy than control, growth of
rats had increased slightly. Concentration of calcium, phosphorus and magnesium
in serum were in normal range of growth. ALP activity in serum had significantly
decreased compared to CaCOgs. It means that Ca—WPS had beneficial effect in
bone development and metabolism. Moreover, there was no negative effect in
biomarkers for liver function (GOT, GPT, and T-bilirubin) and kidney function
(BUN, creatinine and uric acid). Ca—WPS showed higher bioavailability of calcium
compared to CaCOs, and increased weight and strength of femurs. In experiment
two, three different levels of Ca—WPS were fed to osteoporotic model rats,
induced by ovariectomy and low calcium diet for four weeks, to see the calcium
bioavailability and bone metabolism. Eight week—old female rats were
ovariectomized and fed low Ca diet (0.1%) for four weeks to get osteoporotic
model. After then, all rats were divided into four groups and fed experimental
diets containing low—CaCO3; (0.1%; L&8—CaCOs, Control) and organic Ca chelated
with whey protein(Ca—WPS) at 3 Ca levels; low (0.1%; L8—-Ca—WPS), normal
(0.5%; N8—Ca—WPS) and high (1.5%; H8—Ca—WPS) for four weeks. As a result,
Ca—WPS fed group had significantly higher food intake and weight gain than the
group fed 0.1% CaCOsj; for four weeks. Although calcium concentration in serum
was slightly decreased in high Ca—WPS fed group than other groups, calcium
concentration of all experimental groups were in normal range. Maintained low
CaCO3 diet resulted in increased activity of serum ALP while Ca—WPS diet
resulted in significant decrease. Calcium absorption rate had increased in low
Ca—WPS fed group than CaCOs fed group for eight weeks. It was evaluated that
mineral bioavailability was increased since Ca and P were absorbed more in
Ca—WPS fed group. High intake of Ca—WPS resulted in increased lumbar weight,
and intake of Ca—WPS above normal range can prevent loss of lumber weight. In
conclusion, Ca—WPS proved its stability over growth, hematologic index,
physiological function, and mineral, bone, and lipid metabolism in growing rat. It
was evaluated that Ca—WPS was superior in Ca bioavailability than control. In
osteoporotic model rats, intake of developed Ca—WPS decreased bone loss (bone
weight, Ca content, bone strength, and etc) in femurs and lumbar. This result
means that newly developed Ca—WPS is a good calcium supplement, in particular,

in preventing and treating osteoporosis.
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H1.HPLC B4 A48 9 B4 %

A =

Esl

ERRES S

(Agilent HPLC)

L REXY

. Degasser : Model G1322A

. QuatPump : Model G1311A

Autosampler:-Model G1313A

. Detector (RI) :Model G1365B

. Detector (RI) :Model G1365B

.Column : Carbohydrate (5um,4.6 x 150mm)

. Mobile Phase :ACN(75):ddH20 (25)

.Flow Rate:1.0ml/min.

.Column Temp. : 35T

Injection Vol.: 20ul

¥2 AEUA Y QA s YA
BEAE 2AYS AAAZ A e

(ppm) (%)

Lactose 10 108

Galactose 10 97 9

Glucose 10 02 5

Fructose 10 105

Sucrose 10 92 9

_19_



oy PN AP P Sucross e ey A e | QUL A e A ot
i x =
ERED) ) S5.76% C T wEn
RS = o Va7 aro ' ENCT TS [CNEY]
EaL AT A6 s A Faz =0, cen
iemnmaler Bl Cil o o mer | -
— " o
i
I
’I
e

II!
\
'\
i i J 1\
L
- + + : . r T T T T ' x = b=
ks T Vi | Fructoss
EELL)
5 560
3 T
77 (Peak analysis) A2
™ Yy
sant xmni ; Wi
AP - AREA ok | -OLOBS o A L Py biigpa | Prustose . Al .y AREA | Holgh | Sucross
At 3 Rooexmbnetees || kane w1 r ERE st 1 Tl 4.8 t1a.e00 | 3738
Py ——— e + .
oogm actose |y 4o P T azms | oaon | neos
[ e F T TC) @ . — dm N - [
—

T T
| LS Al R iy AREA Haskght
o T e - BiOppmciaacionn | 3 eg1 | 175,038 | 3888
Qoo O 3604 | sa008 | 1mm
BOOBEmMCHUC RS BoGopmdnincions | 5 o6 | 1zesaz | boaoe
a4 EETRICY] scam LTS G DVA-R7A R

_20_




Y. HPLC 4 ($-714H)

D AT
F71ar 24 B3 HPLCEA & A8t AASAv( & 3). o 2o AR2 77]4F
O3 274 9FS Adste], 574 1+ 1,000ppme Stock solutions 0|8k 3|4 5ko] A}
g3kt

EAH A5 Al AL F7]4 Tartaric acid(Sigma, USA), DL—Malic acid (Junsei,
Japan) & AFE3l¥ o TFA= X 4.9 2o}

“

dold W& S 72 FEENAS AFES=H, ool w

2hA, fg e ZA 2 A E 714 0 E e gste] op)

ool vl Wy Se 9T Frhe] Aste] 714 BAE L PHstan,

AopRA, f714ke] A4S 98 HPLC (Aminex A %) ¥A140] AR E L, EA 4 §7)
rxd

A 9T Ut e® AARE S 1ppmol el itk (Fig 3). 3, #7714 HEd
W2 AR FoAd ol A HAT (L™ 3-4).

EN
o

¥ 3. HPLC B4 A48 14 2
FHAIAE T4
(Agilent HPLC)

29z

.Column : AMINEX HPX—-87

. Degasser : Model G1322A
(300mm x 7.8mm)

. QuatPump : Model G1311A . Mobile Phase :10mM H2S04
Autosampler:Model G1313A .Flow Rate:1.0ml/min.

. Detector (RI) :Model G1365B .Column Temp. : 35T

. Detector (RI) :Model G1365B Injection Vol.: 20ul

.Detection (UV): 210nm

EEFA S5 L A=A

EEAEOF, TP A ZA
Sodium Oxalate (0.8umol)
Sodium Citrate (4..0umol)
. Sodium Malate (8.0umol)
. Sodium Succinate (20.0umol)
. Sodium Formate (20.0umol)
. Sodium Acetate (40.0umol)
. Tartaric acid (C4H¢O4.H20) SAMCHUN (KOREA)
. D—Lactic acid GmBH (Germany)
. L—Lactic Acid GmBH (Germany)

=4
o~
Jo
N
24

Organic Acid Standard (Bio—RAD (USA)
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o} ICP &4 (v v g)

D A5

FEAE FAH T rUldRe ICPEAHE 48 ICP-OESAIAHL, 29l @ Optima
5300DV, Perkin ElmerAl, USA) QA3 on, 7| BEAH S 21534 (A 10 LREAI S,
10) Zt47, 2009) ol s=3to] A A8l

AT7E AR ICPREA 7718 JAHEESE 2 HEsHAe 7 E 4 0% AFEshe ICPEA
& BT & NS ALl

AAQAZEE U HEIAE AG3s7] Y8te] ICPET §9 5 Ca, Fe Y Mg3%< A3}
o o]& €95 0.0lppm, O.1ppm, 1.0ppm 18]3 10ppm7tA] FEHE ZASH & o] &5 A
T2 ARl

ABmAA = mrolAZ ol B AAF WA g st =, A MEA 5 (0.59) & 3t
o 7hpRelg H7F (70% HNO3 7ml+H:0, 1ml) &2l 7] &A1 7 (vfo] A Z ¢o] B A A
®.190C 20min) }4 S AR Mass—Up(2% HNO3; €437, HEF50mlzE Z24)E3)

ICP 458 303 S93t] ARuE (T +EZAD & e

3
2 ASY oA FAA5Y AAAE A opm) X ZYEE (%) Hlasch

N
>,
il

(Ca, Fe, Mg) el tisto] S A|, HAAZE3HA= 0.10ppmo] 43t
AA TFA5AAA 97~109% W 915 Kol fFolAdo] A FH ST

o
AZEEE OE Ao Uy vl F9= £58 H9E st A4

3 5. ICPEAY Ass A1 vl AAHd=ad Bl A=A S84

Ca Fe Mg

EE89 (ppm) A AASE Azgs HAAZS A& AADEZIA PBEF8
ﬁ 1UE‘_7‘ﬂ 1E 8= ﬁ 1UE‘_7‘H = 8= ﬁ 1UE‘_7‘ﬂ n= S =
(ppm) (%) (ppm) (%) (ppm) (%)

0.01 ND - ND - ND -

0.10 0.097 79 0.109 109 0.108 108
1.0 1.049 105 1.010 101 1.096 109
10.0 10.66 106 10.44 104 10.55 105
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2}. FPLC (Peptide, GPC) ¥4]

D |73

Za—171H3t Az At 5t FPLCEA Al 8l 2l 34 3

AL B 69 2ok AP ZFAEAE ARAFYH AFAMA E2AEE BAstal Sl
FPLC Calibration kitE Al gzt ARGSFATH(E 7).

YA A5 7P e BxERel Mw 20991 NAG(N—acetyl glucosamine. 134, #
ZF=Fo]  1,355¢1 Vitamine B12, Aprotinin(Mw 6,500) Chtochromec(Mw 12,384),
Ribonuclease—A (Mw 13,700), Ovalbumin(Mw 43,000), Conalbumin(Mw 75,000),
Aldolase(Mw 158,000) Z28]al 7} =& A X5 B3 Myosin(Mw 212,000)
H] 95 o s fdeds 2Hdsklth

o)
N
N
T,
=
i)
1o
aw
2
ot
3
oty
o
o
o
1o

2) 75l
2 AT ZE-AT s Azt 1A de ] FaksF Wl 1S ARARE A7
A EEAEE FPLC 48 §3to] #A=E A& IS S435oH, ol 7|+ =
AE2 S A un] Ao 77 AA LGt ol & VIEoE HF Th e AA
ARSI = AIRE HEA O ddste] AvE gl
T3 AP dv] 5 B 1F:AE ASAste] HEEE A4S ot AR =
daES At
3) Az
AFAE ©]g3 FPLC(Peptide, GPO)E Bl wA=FS 7oz At Ao
y=5616.7x"-31422x+ 37263, HEANDE JlFoer AT Aoz
y=5616.7x"—31422x+ 37263 A9 &=t}
w3 AHE A U] Y B ZEAE A5 EAHS A HEAES

tlo
o
da
ro
—O|£‘
3
)

95~112% 2] W= YeEh} A52S AHE S

E 6. BH-fUlH ARG )RR de] B4 As 4L €% FPLCEAA 28 D 24
=4

FPLC EAIA| A W BXxH

1. AIAE(AKTA, 2499 - UPC900 +D920+CU950

2. +8x1

7}. column(Temp.) : Superdex Pep 10/300GL (35" C)

t}. Mobile Phase : Phosphate buffer (50mM Na,HPO,+150mM NaCl+ddH.0 1L)
t}. Flow rate : 0.5ml/min.

2}, Press : 0.84PSI

v}, injection volumn: 100ul (A& 1%-8<Y)

3. A : FPLC Calibration kit

K
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EE A} ¥ 3
NAG 209 N-—acetyl glucosamine
Vitamine B12 1,355 Sigma
Aprotinin 6,500 FPLC Calibration kit
Chtochromec 12,384 "
Ribonuclease—A 13,700 "
Ovalbumin 43,000 '
Conalbumin 75,000 ;
Aldolase 158,000 l
Myosin 212,000 '
250,000 40
_ —-Mw ~$-min. = 5616 732 - 31422 + 37263
BQ —rfzd (Vb — k3 {min) 212,|jﬂﬂﬁ

200,000 F
140
150,000

{25

100,000 120

ao0nm r

-50,000 0

5. ZE—71Hst Azt 71dawmAe] Welsg H4S 9lsk FPLC Calibration 2434 3}
A A
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o}, FT-1IR £4]

D |73
2+ AT UG B fdldQ] WPIE 7= C 2 vjvjg Aoy #dst 7]57] &<l
o] AQ3dto] FT-IR%AI= & Ao’ 7s7] ¥4 s 4™t A aF3ith
A7 ARE7]17]1E Bruker Optics IFS66/S7]%, 4,000~600Cm—1/Resol ©] ¢l 0w, &4
AMEL- KBr—Pellet DiscHell &3 Frl=glom A7 o] 2D 24 S 33 8.3 £
2) A

7H A B FT-IREA ) olalo] A w3t}

) AHE EARe 9t 24 A3 Cadl Afe o3 & f @AY X3 b VsTE
(=NHz, —COOH) —COOH~”|9} A¥et= Aoz FRAFHJITH(IH 6).

o) Aol mEt A B{7]157]1F Caol2¥ A= 757 ot W (M8 +1) 49
= Rt (2d 6).

2 dHE FT-IREAHS 53to] UdA B fFawde A2 (olabad, 8713t
2010.02.03) & 7|02 vulg Aoy == 75
nh) Aol wet ZEsE AT 2 olF wvd el A o]
St (19 6.) AYEA 2 AFNEt 24407 I
71 A= FT-IREA = &3 Aeold 7571 41

FH

8. 71 At d (WPD) thv] Zg Zeol® ¥#d 757 HA4e AT Adxdue

AT Az S H 1
s 20%CaCls (A% 180g+CaCly 70g) A% I 20%CaCl, 100g%-3]
. o] =A% & FT—IREA (KBr—Pellet Disc')
AA4 90dp WPI(Arla Co.,) 10g%e H7lste] =4d4x% +
) 317

FT-IRE4 (KBr—Pellet Disc*)

WPI(Arla Co., Lot No.: S090213) 10g¥ CaCly 13.23gS WA &
Al F—1 |&F A 90gs F7HH7Fet] S8l 20 FE AlA FT-IR®EA]
(KBr—Pellet DiscH)

AT 90ge] CaCly 1.32ge 59 & WPI(Arla Co., Lot No.:
AT -2 1S090213)10ge H7ste] wh-g A7 & SAAZ A AFT-IREA
(KBr—Pellet Disc¥)
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982

1,650Cm-1 i
05 {aldehydes) c=g-C=Cc—C—H
"
1,637.2Cm-1 | — ! —n—e
o0 Amides)m i
/_“-‘_‘\.1—“_‘# =
Al [ f
r"'l. ;
[ 1[4
7 = ar i\ i{ .
" R — O~ ) N
3,294Cm-1 / (s
{#lcohols) H | ’ {
y |
wr ity I3
il ;||\ ﬁ |I| T e
. ooV 1,394.5Cm-1
i Ml i {carbo-acid)
@ | . I P
1 R=—C=0—H
CHZ=T(CaCly) : .
v Bl L T(WPD | T.854.3Cm-1
2 A2l 1(CawPIl+DW) (Alkanes]
el 7 2 DWCa+twrl)
k]
07 . , . . ’ . . . .
4000 25M 100 2000 1500 1em 1an 1200 1000 80 6500
el
a9 6. A ®Ba 757 F Caol2 Ay = 24 757 dE( | )& 9g FT-IR Peak

analysisZ
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vl X-A SdEY

D |73

Za—71Hst Azt =7 WPS 23 A #frldst Zs & fuud 2
(Ca—WPS) & Zge 4% FH g Aeold x5 45 f8l X—d3d 243 (XRDE
AN A 2Eo] ARG H QAT FA TS -] AE AlEE v o] FH] ekt

2= (WPS) ZA =, 2 (ML F9) 50gs 4AIF 300mlell &3l st 5 A=F7 ol A
30F-%¢F WRH(150rpm) 31t} ZF/] 3, A% (10,000rpm,15C,15%)
stk A2 (Ca—WPS) 24+ f3 %% 50g thi] CaCl.2H:0 30gS 2
300mlel &3k < 9C_7£Zﬂo}°ﬂ"1 30F-=eF wHF(150rpm) # 8] 3} T}
2] (10,000rpm,15C,15+) 3t FAES o2 gA] 345 200mlE 3 7Fske] &
k% 53] R AH A HES AH sAAE AT

2) A3} &<l
FAAYE AETE (WPS, Ca—WPS) A8+ XRD 45 F3alo] 7| ddw Ay} 242 7
goly wrgo] wE FREAS AAEAT v‘i—@rﬁ— Poweder XRD XA gl(Ed:
D8—FOCUS, BURKERA}, USA) & o] &5t o, Aol olsto] 4= glstgint.

3) A}
f718) ZEe ds = 2 YEG EAYO]E Flo] =g o] E (Calcium Potassium

Phosphate Hydrate [CasK2(PsO18)6 (H20)1), Zrg Slo|E=2 4 EAHOJE slo]=golE
(Calcium Hydrogen Phosphate Hydrate[CagH:(PO4)6H20]), olups}o]E  (Anapaite
[CasFe+2(POy) 2H.01), XElg Zg sto]==z27 ZAH O] E (Potassium Calcium Hydro
gen Phosphate [CaK3H (PO4)2]), B FAFo] E (Brushite [CaPO3(OH)H:201), Ztg Aol =
XA o] E (Calcium Sulfide Phosphate [Cao(PO,)6S]) Q1 A& X—A 3| d 745 F3f &l
o AT (R 9, ™ 7).
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XRDZ 1t Compound Name(Formular)

Calcium Potassium Phosphate

01-086-1221 (C) Hydrate [Ca,K,(P,0, )0 6(H,0)]

% Sample Name : WPS

Calcium Hydrogen Phosphate

4, 007026-1050:%) Hydratel Ca,H,(PO M, 0]

150

¥ 00-034-0148 () Anapaite[Ca,Fe+2(PO,Je2H,01]

140
Potassium Calcium Hydrogen

v 02—
1 007094IZ39(0) | prggphatelCak, HIPO,)2)

130

= 00-009-0077 (+) Brushite[CaPO,(OH)*H,0]

19,766 °

120
00-038-0263 () Calcium Sulfide Phosphate[Ca,,(PO,)6S]

10

ez
(.96
'22799“

11.640 °
23591 °

=
-
.25 083
== 31574

Sample Name : Ca-WPS

= 10.213°

Lin (Cps)

28.006 °

o
%/

v

a

4 v v
i
0 2 “ ¥
4 Al W
10 ! A | | “
ill Ltglrs e B el

S

PN T T T T Y T T T O T I

G, L] ‘
[Pt
3

0 40 a0 B0

I
| !

o
=
)
=

2-Theta - Scale
a9 7. AEFAETWPS) div] Zs f71HE AR (Ca—WPS) 9 &&73 432444
(XRD anayls) 4 7}

FK

9. XRDwA S &3t Zra F71E st AA S she+x #A4d9%
Compound Y- dx , Space

A7

YRDZ 1} NirmalEaaril) Seaké | by Wavelength | System a b C alpha beta | gamma | Bravais L Group
Calcium Potassium -

?‘22?8(%) Phasphate Hydrate 35 | 1| 15406 M°”§°““‘ 706 | nass | 123 | @ | 10317 | @ | Primiive P(ﬂ{;”
[Caf, (PO JH20) ]

0-026- Calcium Hydrogen

1056 () | Fhosshate e 1995 | 1 | 15406 | Trichnic | 9529 | 18.994 | G855 | 9233 | 9003 | 79.93
[Ca f, (PO, J+6H,0]

00-034- | Anapaite . . P-1

04 () | [Ca,Fe+2lP0,Je2H,0] 953 | 1| LGB | Ticlnc | 4508 | BEIET | BEI7 | 10165 | 1426 | W76 | Primibve | ')
Potassium Calcium 5

?2333&1:) Hytlragen %5 | 1| 1506 M°“§°“”‘ g | 573 | e | @ | i | ® CE;SB'?E i CUZ’;)“
Phosphate [Cak HIPO,) ]

00-003- | Brushite, syn Monoclini Base-

0770 | 1P, 0HMH 01 mss | 1| 15408 ? B%3 | 519 | 585 | @ | 1B5 | @ | e
Calcium Suffide

=038 | ppgephate wmy | 1| st | IO oaees | amns | gesos | w0 | @ | 120 | Primie | SO

0263 (+) | (173
[ca, (PO, Jes]
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AL IC BAH AY (o]284)

D 754
ZaarlHst AA A=A, JEedzE RS Ao’y EdAEe ZaiA
(CaClz.2H:0) & AHE-SHAl B =dl, 277183} vhgo] SR EA =9 viks g 3ol
(Cl) o] BpEFatEstA =t 545 Eash7] wiel W=A] o] & AlA s o oF g, whehA,
F71EN 8 A AR Al 28-S Assh7] flske] ole] AAaES eQlstalA st

B BRAANe 7B oz g 13 (80,000~100,000ppm) Ca—WPSAZH S A2319
t}h = G35 4 5Kg thH] CaCly.2H.0 3Kgs £33st & A4 10Kge| £33 & 89~9
0CZZNA 3085 ¥(150rpm) 3+ Th. 18] 11, 0] 2 NFA| AL Ab23ho] JE %

th 28, JAFE 10Kgegl = h&-‘%ﬂﬁlé}“ﬂfﬂ 53] AR A 4 & AA= &
AME AHNE FH 5] ol (CD Q) AAEE A AR A3

3) A3} 2ol
AHRAR ol S0l (C) el AATES ICHANE A s e, 44a
[CREA2Y 9 BALAE GE5F 2T,

Eluent : 3~75mM KOH

Gradient : Omin. (3mM KOH) —>15min. (3mMKOH)-=>15~30min. (20mM
KOH) —>30min. (75mM KOH) —>34min. (75mM KOH) —>34min. (3mM
KOH) —>45min. (3mM KOH)

Eluent Source : EGC—KOH II Cartrige

Flow rate : 1.2ml/min.

Detection :Suppressed Conductivity

Suppressor : Anion Self—Regenerating Suppressor (ASRS 300 x 4mm)

Applied Current :223mA

Injection Volumn : 250ul

4) A7
2 71938 AxS g9y Ghel(Cl) 2 HEFS 57,500ppmol o, AlZ A 7}
AgE w5 HEFAE dasigon HF 53A AHA = HE5%F2 0.01ppm o= e ¢
s8] AAE Aow ek webA], o] 42 AFE B Sol(Cl) e AFWHS
ATHEE 10. 19 8).

—
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F 10, ICEAAAEE ol &8 Zaf7IHst At AlXHEAE Sol2(Cl) AR}
A=A HE P40l 5 (ppm) H] 3
Blank 0.01 ICEA &<
o4 57,500 a7 s e S £Ed
1 2 22,500
7 15,000
7 5,000 A 2z A
7

i rMOS0807 #1323 modified by OS5 243

sa.a s ogSo701ga1 o4
p——
a0.0]
=s.0-]
sa.a-]
25.0-]
=2a o_: g <] ©H
] &
15.0] 2
1a.a]
p—
a.a 5.'0 10'.0 15:,0 z20.0 25.0 3C:,O 35'.0 46,0 4a4s5.0
15.0-] ] _ -
] 5 1XF Al X oH
10.0- -g
] 5
s o—: e
1 s A A J——J .
0.0 S,IO 1C:O 15’0 2C;O 25‘0 30',0 35‘0 AO'O 4a45.0
15 0
3 8 2K}t Ml = oH
a.ad N
b £
svn{ E
] AL . ﬁ‘. PO,
-1.0 T T T T T T T
e =ia = e Zom o a0 = £ wowe S
=]
] 5 SXF Al = o
10.0-] .
] &
] &
5.0 %
] A CAS,  —
1 %ala ala “aa da za.o 2a o ada o =8.a asa
15'0_,
] o AXE Ml = on
10 Ov: §
1 &
SvO—‘ g
] AN e . .
G = 3o 2o =30 =20 =30 ==o Zoo as.0
1S O—_
] = 5XF Al = oH
10.0— =5
] g
] #
s.0 E
] A 758 1 I\I ~ ) e —— ,
-1.0
0.0 5!0 10' o 15',0 20‘ o 25I o 30’ o 35’ o 4C)I,O 45.0
HAAAELE o] §st ZaRTIEE Azt AHGAE Sol&(Cl) AAaY
EAAAES o] &3 e A Zz3E AH ol (ClN) AAA
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Al 2 Az

ﬂ11>
:[o
N
fuj
o
O
QJ
2
ae
<
B
=
r>~
i3
WE,
Y
=
s
(02
N
rE
re,
-

1. 9753
2 dATe e Aol EstEoe] A& Hold f71H e s fa A
AZ71HS JHsta A shsledl, Azl tdste] &g A A A&l H
ol F71H ZgF 39S AXT ¢ = WS ATsh] did F5&0] 9 FUIH
Zge AFESke AEoly oo e AR, HR 5 FHE S FokellA FUIH 2ol /7]
H Zaagdo® dAld 4 Qla, o2 Adl F7H 24 fF AMgo=w Qs AF 59
=4, 71, gbell s = dHAE 55T 4 A st A st
2. A3 E
7F Z1dfaed Agolgst HA FU)H 2w A
1) AFEARO RN, AEHINEZA SAHT FEHT A= ZEE2A65)E oz it
Ul dAZFES 7S 3 o]l & dA g A/ =8ster U EA (S #A 5) WSk vl A]
T a9F7E A, A A ye]l Ayoly] Hk-gS F = H Ao FUH S ZdE
S Aksta A SRt
2) AR
Z1Afad Adgolyst HA FI71H Za Ads fste], AFHIER SAlE o
A A FGAANA AFESEAL = 61«1 ’“%”7]‘:4@} g (BAL g, A g, A
Zr, Al2JAat g, FERALE A2 E) 5 TYste] AFE-sES T
7]%‘ e v HA 51 E ZE ﬁ‘ﬂéé’s Yste] | 714 deA Alf- (WY F Fresh

3)

) 26mlell FUIEis 2 0.2g5 H7HsE & 442 (80T, 30+, 13])
= @*lo}“t‘r 83 A AFel s W EefolstetA] wakel 1Y (&) ol A
Al J7vE AARE 2ARE AAEIT 2T 2 E AATE ARESHE ol gldde TYet
Al A 2l skl vt
Egjo] 38t EAW S pH (Tem.C), EC(mS), B (Soluble Solides, Brix, %), A5t
3} (Osmolality, mmol/Kg) % €3[4 (Solubility) @& O 2 & v ZAFSHS T
37 e & ‘Wtﬂi} ,EE  84 2T RE Edaael £F & dA-gdT

3 9 ARAYRAARE A WA/hE Folo] ARAZ Sk TS Ao S 4
3 WstE Hol: 73T~r++ A3t B ++, 271WEF Bole A9 + IEla W)
s A - = EAS

A3}

T DEEER ESEE]
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pHell vlA= a3 24, &84 Zaads ATl et Bl & pH7F 7017
of el e wel AT, olF TALE (CaCOyE AAFol £ pHIE 9.75
2 2AFe] AU S Wi QR A FALY A& WAL pHO FAE
6.69% ZAElo] BFf (pH 6.66)9] olste] IR Faohs AE ok old@
ATFL A BLA EAASNA TUs AFS Bt}

Zgro] E‘rr?"} ﬁ7lﬁEE(EC,mS)TX]T—£ o2 Al A7kl weE AV ERS] S

5 Abste] Botth A Al =84 2

%‘J%"“ = %“Hfoﬂ %%L?& - 1%94 ECE FAFste] HHY Al 4.75 1Y
o] e 5844 2P o R st 0.06% wi-¢ WA Yebstth 1eu, &
< A3EE (CaCl2) = Aol &8 5 ST 1179 ECFAIE AN & 4

N
N
_EL
T
m{m
o
N
=
ol
ol
[d
HU
_>.:
> >
o
L
i)
o)
.9
o,
(=
10
oX,
& Mo
g HJ

ﬂll

© ECFAI= 11.88% =4 Yebstth Alfek 2] wbgAde] 9l A9+ Al
o] ZH2ZF BG3 ECF A= 4.81% 5|7} ol of 3h, wo & Hk-g-Ado] &
4,75 &2 1 08t £33 E Hojof 3t} o] = AWM, sG-S AU %7}

Al 4.78% ZAFE o] Al (4.75) tHH] 50%2] WHEA S BHol= AOE FAESI=H, o=
d s
_ﬁ.

ob‘u

|

rl

Sty Faddate] AgE s A3 dS & g Sl olEe A AA =84
Zg ol FAFSHAl e

T8 2Ee AT A7 11212 dehd Aol GalA] 11.883 LT A&
B, o= Al 25g tiH] A3k Aok 0.2g(Rad+3 1 0.079) ¢ Ao’ Wt
SOl FEETE ZE ARSI mEbA, el 2 Rrte] Ao’ A=A ARGl

7VFede & 7 ST 2eid, 84 Zdeoldelt et dAZ e dEAA ZEe A
oAl AAGel d7EA 2,529 1.75% =], AW H7MAlE 6.258)F 5.30°0.2 F 715
ATt o= A9 1 ECFXA7F 4.759 0l nlmwstd 7 }L AAbzbrat HEEAE ZF
w9 A= Al Gl T3 dyold 47} °iE‘r~ N # Atk

o] Adt= AL E S £ B84 AaFe
H 2 oy, Agte] F et fek s
AEEA 2487 ol -2 == d9E

webA, 2 Ao A= Ca-WPSHI X
SAIZEe Hogk fEsteEd 548 Fal 3l
S| 6L»3].;<] 0},‘: 74 o7 _A—D}QOM:].

AU ZF J7H 3R @Brix) ol v A= E9E5 A By, Al5(12.49) o
H| §RARZ2 12,41, ?LOW FE 10.99, Al2Q14 o] A= 11.84%2 T astes 43S
HA=, =84 249 A9= da44 13.43, BEAA 2452 13,6307 %4 YELY
= AT Btk 2y, 78 ZeE deda] A 12,417 AR Aok fA
&g Bl
AUl ZE A J7RA] AHRSEel ml A= &3 E A, Al 246mmol/Kgfil=d =874
wrs AUl J7HA 241~2519 RIQIE Kol Zpol7t b E A ekttt o= oA =&
Aol wheh Al AL wishel]l A #ojshA] Fdths AE AlAFEFAA T
g, 8 2] e AT &34 90~945AE BelEd, AlfU AR E
280~362% ¥ FAE BAth ol Al LF AFEd FA7F 246090
Aot 2o W 3 ESHE o] of oty fdE vt BE ek A

7
7

o

oX, 1Y
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S EFE U JPE FFUTIBNA T Axle
W AL B QAWsl WA R meb, 25 oiRga
=9

gol AT F84 Zaw (HA g, HEAA 2
|

jiél
g Avpgey, 244 B4R @
A )9 A BE e Arbds AXeA B EgoR o

A, 200~4007#] L=
AR AR FEA 2

L7 FE AT GE D).

3

E L 71AfESd o] Aeoldst Al H2 BUE 2 A A7 Eelolse s
Wt G (2l Z2edrbs @42 24, 80C/302/13])
£3589 as (@A) 7HAAET B0 30min.)
NHT 2EA7
“ vy | ES | S Qo sawis g2 | wn |
vz @A 444 | 6.04(23.9C) | 001 | 0 62 - - - -
o (2 ) 6.66(25.6C) | 4.75 | 1249 | 246 - - - -
P O 1 9.7520.9C) | 006 | 07 60 284 ~ lcansa| (Camaa)
BEEIREST 669450 | 478 | 1241 251 284 - - (Ca S5
e QA | 7302490 | 0.20 | 039 67 284 - lcamam| e
B S T 667(2440) | 477 | 10.99 246 284 - - (Ca S5
AR Lnaze) | o | 0z | o | 089 | - |obe) ol the
BEPLAELEE | 6.6924.4C) | 478 | 1184 241 284 - - (Ca S5
PABATIELEE 179504900 | 252 | 0.64 94 F84 - - -
PRI RSET 62602450 | 625 | 1343 298 584 o+ et -
P e T 71825200 | 175 | 0.90 90 84 - - -
B G T | 6.34(2430) | 5.30 | 1363 280 84 ++ 4t -
PABATLRALE 1 52125410) | 1188 0.63 92 F84 - - -
PREARAET 5952530 1121 1241 362 =84 ot ot -

# g (%, B AETH S B}




a9 L 7IAFE A o] Aol st AR HA FUH 2 Ads
7P (Edu 2w37E A2, 80T/302/13])

[B 1 (252) + 424 (0.2g) |+ 2 A, (2)  [Ba#+(252) +74
A (0.29)1+4A2,  (3): [Bd++(25g) +314H2+ (0.2g) |+ B4,
(4)  [Ea#(25g) +A2:1 2w (0.29) 1 +2 A2, (5) [B+f+(25¢) +%
Edi2 (0.29) 1+, (6) [Bd+(25g) +932 4 (0.2¢) ] +2 A,

~ o
=
it
oX,
(E
oty
o
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g, 24 Qeolw JAvaa Ang 99 $4aA dudy ug BxzA A3

2) AT
714 S RS flste] 22F 9] el o] @R Bl ke S FRske] ol & AlE
A ARE ARESITE AR FAE AARE A, Hibd, WPS(HLF4), WPI(Arla
AD,  AteldE Y, A8 HEHA-RF[DMV-LF(SD), MORINAGA LF(FD),
TATURA-LF(FD), TATUA-LF(FD), FONTERA-LF(FD), MG-LF(SD)], «
—Lactalmbumin, FA%ofebid, debf3RT, ThedaRddnd, 29RdEY,

FHAAE, F, 2FEHEE, Lactic Casein, @A 12311 AA|&/o|

3) A3l
22%F 9 714 d@iidR 9 BAEd EAee ZE 9 vdld 242 ICPEAY = F38ke] A
gotglom, ZAMIELS Ca, P, Cu, Fe, Mg, Mn, K, Na % Zn_‘li 9F & i

RHHGE 2).

1%
=
o
o
l
ol

g WA S-S st & A, AA
>P> K > Na> Fe >Zn>7|E} 202 &S
H IF ZERFF me/Ke) o 45+ é'}ol 9 Azl et g
T3Fe LAFske] Bty 1A
22 0.6ppm, Lactoferrinf+ 100ppm ¢ e HYE 249/FH @9+ 22 (507mg/Kg)
< A EEF A= E(775meg/Kg) < n@MFAH R T (2,054mg/Kg) < WPI(1,264mg/Kg) <
FAE G 2 (4,211 mg/Kg) < e —Lactalbumin (4,851mg/Kg) < Al(9,660mg/Kg) <
7 (9,972mg/Kg) < AA+ (10,280 mg/Kg) 8] =2 = LEFST
A Aol Aetid 2R Ee AR Battiy 1,136ppm~1,163ppme] W&
AV E Q= 7S B (e eFsts]. 2000) Aol FAFsH ] AR o] A3 o] {948 &
AEAT. o] V|2 E V|Ad Ay Zadre vt BuY, 23w 4
17,430ppm, A ¥H/+ 15,480ppm, AA|&F 10,280ppm 18] 1L Alo| & &8 1199
+ 12,820ppm o 2 2 FAE BAARE A 7F 171 985Sl o g /lsto] &
‘3—‘1]75-:1_ A ZA A Q]SS T
a8al, AE=AZR F AFXRAI ST LS Ul Zg o
—Lactalbumin® 2%+ 2] 2- 4,200ppm, TS A A=
2,054ppm®] Z#RF TAE BeH, 0|28 A VAN 24

O
o

o -10
Moo rff e BN

r2
1
a
N

flo
o
)
wW
(@]
S
S|
8
Q
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ol o 2 A 98+l

a3 Ax
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gﬂ
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e
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9

o N
P = =)

E 2 ol )y o ox

éé;

o
N

rlr

N

jutl Y

whebd], f3 R

AT
a

o
=
1

S AR 24527 5,000ppmeldol ], R 7
A

BIAS LR e S A

—Lactalbumin,

N
0z
>
2
>

L

_1
)

dkstH FA R
it Fd ek
0%°17 = A A5 7
1,200ppm 9] ZHH<
TE i

=0 v}

Y

O~
=26

t‘rt A, FH7H A A= §
sy, 2 A7 A

TF

]2

0!

E]gﬂo]E]o
nl

_1;_'.7(
A

PN
T

HL’?'DL%H—HX] Ui]
D2HA = 7]
AHE 2 AJAEEE WPI(ArlaAl, glmt=) o] 4
45X ZEHdEFS 1,264ppmo| Tt ©
AAbsEl o, 7] e 3} MH7HEL 7+ 714
S ib=g
oW, JAXAEA A7tE AZ7T 7}
& AA B 5

Qo] 2 2A19e] sHelw ik,

| 7
o] v

oL

3}
=)
o

=

=
<
T
LR

=

1 =
B8

()

=
3 -

Far

o

ko
30, Mo mlo

> Ol
0

r
¢

7}

o oz 2

|

brhe A

=

o

WAZ ALgEol 14 ehgsitia 4

o152l 7

F
Ei
)
H'i
o

Ui>£
(o do o do

W i
o o T o

3, w

it

3E 2. 2w Adel® VAem A A e SR Ay ruld FEA A3
P ICP57% 2 3 (mg/ke) .
Ca P Cu Fe Mg Mn K Na Zn
Al 1,136 918 1.89 0.65 92.3 | 0.18 | 1,870 519 4.29
H 1,163 896 1.94 0.46 101 ND 1,894 526 3.49
WPS (" &+ 5,038 3,717 ND 17.4 766 ND 8,714 6,236 ND |XZ=FAE
WPI(Arla’}h) 1,264 1.24 ND 12.2 453 ND 6,423 5,867 ND =93 90%°]%
Apoltdl e a1 12,820 | 11,540 ND 10.03 | 4,524 ND | 13,500 NT 4.45
DMV~-LF(SD) 0.762 395.8 ND 221.0 ND ND ND NT 1.81
MORINAGA LF (FD) 639.4 138.6 2.507 | 266.2 | 76.62 ND 3.04 NT 4.144
TATURA-LF(FD) 106.9 71.74 ND 184.9 | 55.83 ND 7.53 NT 3.27
Lactoferrin
TATUA-LF (FD) 86.93 76.45 ND 200.5 | 10.79 ND 8.47 NT 3.38
FONTERA-LF (FD) 13.13 95.49 ND 180.0 | 0.281 ND 3.99 NT 1.67
MG-LF (SD) 10.72 317.6 ND 169.5 ND ND 14.47 NT 9.41
@ —Lactalmbumin 4,851 4,453 ND 4.02 976.0 ND 3,755 NT 5.62
FrA A e 4,211 NT ND 31.76 | 1,016 ND NT NT NT
AL R R ks 2,054 NT NT NT NT NT NT NT NT
b i R e A LR 775 4,888 2.36 5.22 133 ND NT 15,140 | 56.43
AR E R 507 NT ND ND 436 ND NT NT NT
A A 0.609 NT ND ND NO ND NT NT NT
fr 562 858.4 ND ND 90.51 ND | 177.20 | 72.31 ND
Ao g 17,430 | 27,940 0.67 11.49 | 1,718 ND 4,404 1,303 141.8
Lactic Casein 415.2 19.45 1.55 3.9 34 ND 59.48 ND 51.25
HA) 15,480 NT ND 16.65 | 2,095 ND NT NT NT
AR 10,280 NT ND ND 1,550 ND NT NT NT

SD:Sprayer Dry, NT :

Not Testing, ND

‘Not Detection
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o AR 71d 99d e ZedHoly 8 AL

2]
2 AFNAME 18F ¢ @iy 2 2 vudFe FEXAME §otd, e 2
dolg w-gS 93] HF AvsE WA (Whey Protein Seperation, ©]3F WPS) T
H] A2 (CaCle2H:0) S 55 2 2=z A AHgi] Aoy 58S XASHO 7 A

ARl FH> FHRT| BN AT sHFHES A
| BREAZX3 FHE Y (Whey Protein Seperation, ©]3}F "WPS
sl g st e Az ol gsiglon, A bEe] HUbE Hhe
ACE

_v';ﬂl

Frt

7hH 71A g Ay Aol Aoy HAZ A4 g5
Al 12 WPS 50g¥ sk %(CaCbZHzO) lgs Bub 533k, 200 g9 ol
8

F(H 6.7)°] 120 rpmCS.Z 1AIZF wRE S (®r ¥ pH 4.8), 80C7HA] 5=AlA 30+
b wwbskH A dAelsilny. e, dA-E AR 5C°ﬂ/\1 10,000 rpmo.® 15 #
Aawelate 454E AAG FABA FHE 200 miE BrAsa ABAN F o
2o 210 AYEAFE ANTYS 43 WEA T ARz 47165 B4 B
femAe Azasic

AAl 2= WPS 50gell 93244 (CaCly2H:0) 30gs % E3ehs S AYstas

AA 17 FLA3HA AlRE Az

vl 124, WPS 50g3 9324 (CaCle:2H0) 1g= 9% =35k, 200 g9 ol
24 (pH 6.7)°l 120 rpmO 2 1AIZF 30% wwk S (ayt 3 pH 4.87), A2(25C) A
10,000 rpme. 2 15 &+ A sto] Asds AAstL 7T 200 mlE H7Hsk & A
g5 oAl 22 xror dARYske AEEAES 43 wEd & FAARETH =
AAlel 13 sdaty 7tEAe F4RE A7 A5E A x5t

Hlwe] 2% WPS 50go] 9324 (CaCly2H:0) 30gs 3 &E3et= S Agstus
o1 L3t As5s Azl

Hlwe] 32, wiukg ARLAAFOA #wfjsl= FEl+3 @9 (Whey Protein Isolate, ©]3}
WPD 50gel 9324 (CaCly2H:0) 20g+ % Z3tske AS Agstas AAd1% &
AdstA Al5E AxskSl.

vl oo AFE-S WPl §3 & v‘i—alfa
O %, FPLCE ol&3l Al WpPSsh
20,000 Ato]e] whuld B35 vERdef B
©] 20,000~40,000At0] = 32 E o] U3t

Hlw o 4= dnt= ARLAAFOIA] #njdk= WPI 50go] 931244 (CaCl»2H:0) 20gS ¥
I E3tehs AL AYstae vl 19 A ARE Az

’

f
ae
.
=N

, grejoiat gl #3e AA LR A
Fo vHluwd A3 WpPSe &A% 13,0

7 0
&, WPIx= whz o] AW o7 9ldle] FEx}&

-

= o
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=
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o R o

ARA e

=
=

A Aol 2}

s

AHg

S
=

AR EA ke R (WPS)

I gEgol AL AR 3), 7§

W (WPD = AH&

e

)

oF

il

J

Z]

P ekt

7}s

=
[e)

(Mo 4).

AszA, 714 wnAe] A Ae o

(Ca—WPS) 9] A %3t

o
=

2 47
57 4

D 34%) ol E3E2 0.6

e =

o
=

A4

wetA], Ca—WPSH| A th =48

+ 7]

3
pis

T

P
E=3

Zr

)t Zr (CaClz.2H:0,

N
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® 3. 7AEmAd o] dyold HAs APz ZdadaE e

Al 7% (mg/kg) ¢l (mg/kg)
2= (R E A1) 1,136.8+£25.8 918.8+10.6
= (FA2) 1,167.3£11.1 894.7+23.1
A Al 1 57,240%3,298 11,410£496
A Ao 2 104,600%£4,804 58,790x652
H] 1o 1 37,410%£2,606 44,490+803
H]le] 2 31,090%£2,089 36,450%x111
H]2le] 3 4,883.81£107.1 211.2+2.36
Hlnlof 4 5,253.7+42.1 262.51£3.60

x4 71dAam A Ao oo’ HA st Aol wE dA-S Q) F 7 A3
Al &l A 72 5} -2} Hf
o 2=+ (A7) - - - - -
AN 1 - T4 - — —
AAle 2 - ++ - - -
Hlae] 1 - ++ - - -
Hlae] 2 - ++ - - -
Hle] 3 ++ +++ +++ — ++
Hlue] 4 - - - - -
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S EFA F, 60 ~ 100 TR 7HEA T =
= = bl e Al zwwolel & 4 Sl
AR VNAGHmARE ML AlEA] FAER AP EHE 73 (acid whey), A= Ax
FARE R B EE 13 (cheese whey) o= Zloju} AR o glot # AFoA+=
FH|Ho] FHAFCE AAksta Sl A=A F o S VRS0 E ARSI
Teivh. Ca—WPSAARA g Al AbzZd42l CaCl2el f-3ddwd vh-g-% v|iks 257
4ol (Clol) 8] AAE FFRATA el 3o —HH Aoty wEbA, olE A7
st Al FA| A8 0 24 NF (Nano—filtering) Al A~HS 4 ]/\E“ TE3 =], 9]
AFEAl FA Nol BFskal e AW Al (v ?::i’b 2 Ageh mebd 2
ToAE A=Az F FFA AxYHY LS AASkE %Xé:% g9 9 A EtEEA
A s g 5 e FA FRAEEs AAAATE AASITH

|

¢

N r& i

7?) A=Az wE -G At

AT Aol diskel AA (70T 71%) A/l 9ol Bl Auold Ang A4
AR nord. AReA, 3 AXTAF T AZ F $3L 60T o4 £xw 7}
ARt A9, G4 o] MAsle] Zg AR Adeld HE el F43] Ai
soz, AL EA e f4 EE WAEA Fe fAWND AHgstelor 32 95 9

o
P, o)F ALt V2 AN Ax FHEE 2 2o (3™ 2).

=% mo|?| ==

Milcoscan W F Al Bl b Ak, Gl NG AE-F AN k) 9N FE VO,
S EAE

Charm |1

[ slz+s /=T | Milk Tank A Q2N FH g HF kel Milk Tanksd dga=
Separatcr W HE BFNs) 0 AT Y g f kA A ke,
Standardisation Unit

FEE W AT, ST Bactofuger

Homogeniser

Pasteuniasr

[ 5 = | ADEVA Sl FF @D F Wolsln ¥ dsled sl =sl MelF BEel,

= F(Starter) B>} l

|
[ es==(Rennet) 27t |
|

= SHCutting) |

[ 450l =2 | == Melsk SIS F $2iekod = M FF LFS) AP AT EPo w weA=
Whey
| Balance Tank =z |

‘Whey Evaporator

| =& (Evaporator) |

| 42t (Cooling) | Fame] 2E 3% ENEE 4T

| ={ & (Storage) | Whey Tank 2= Bors)l gi<] B Whey tank= ) <8k},

aY 2. $RERE A2E Az F AP AT
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W Zeddely 7|d @A B FPET A AT

(1) 9754 : Ca—WPSHAA AE oA Azl CaClzgr AT vk & owks
Za3 540l (Clol&) 9] A= w5rAe4
uelA, o] & A A= MFHAIAE O Z A NF (Nano f11ter1ng)/\] S
He 7Fedlth V3Aox A=A F dERRAEEEY FRdYEES A
T%), SHA(FHt 7% 73 (B0~60%) 2 71E+3LS B35t =
ATh weEkA, ol IE AFEAIE A Aol BEfstal e AR7F NFA
Al Aol () o7 AHg-gh

f
_L4
O
-
oX
é
39

2

1

Yoo
to
B>

o

£

2 ATAE A=Az T FPN) AYRE AAGE FYRA L AF 2AY
AR AMss ATF AASYh £R, FA FYRTU APAA) Wi
AR EE, 24, 2and W weeE) o MEE FA6 na gsn

(2) A

o]F fsle] A|AEIE VA AEN (LA B A AR NFAIAR T8]3 A8 A ') S
doz HESAT(IH 3.).
ObdzT @ A=A F FEFAN(EFILIEE TS @ 3.2 E€38dxs f3d&2s 1
=z gFyA A" L85t AN EZ A AE(GEA, Wesfalia separator AGset,
Swiss) = A&sta olE tA A3 xd A-FolA e AWAAES AT
(h) vl A=A F FEFFHATS 0 32) S d5dxT A EES Ca—WPS o
FAA AE o] A 28tE NFA|AE (Falling Film Evaporator Heated By M.V.R.,
Germany) = 2-&°] W& AWAAES AT
(th Ao A=2AZ T AAHE §JNS 2R J|E 30~325 7 =23 T o)
= 71 AHEY710 13] A2 (FH AW ARARTE 7IEH o2 AA) e ol &
Al dF 0z BgolA e AAAES A

ZR w

(3) A3l
7L /\]/\Eﬂtﬂ ;‘(1,:;]7(-]'5‘ MEZ S 7L7_IL ‘HZH@‘_]_— i?‘_ o
EYELA FD-81, Japan) & A% A& tiow ©
(GerberHd, 4343 A9 2007), 9
2008) ¥ ®<43}= (Lactose, HPLC #4) &+

5 s471%*7 (Freeze Dryer
g FRFACPEAR), 2AW
A (Kjeldahl Method, 2A##7lIE34

(4) 4=t

A7 (2T & AR A A AR 7] 7eda= V=% v

A7 AYA A2 AAEA Fgkor, @3]y 22%% 5= A3 B3l

NFA 'S 283 -9, 4%2 AEFo]l da 5] T3 7%l vste] 3% AAHE= 2
q,e Eoﬂp}. =3 NF/\]/\B] 7(4%_/\] NF.JJH ‘4,6]— 2= 01,4 U]/\ﬂx]m.?_lz Xﬂﬂﬂ‘ﬂ OL]-
A Ao Ao ozt 7] 7F 2o 7 olste] n|A| AW o] &7 WehEQrh, w3k NFA| A
Ho] AgAlE 23]e] AqAYTE 7] NFEE ] g S o s ste] 50%0]%
o] FHFFAFN SALQo] AT oRA A-HTEYY] AYE Foto] vAAYTE AAS=
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AR Bl BoE B L

-, AYA AYF (TR R 4% Aol HEH A=,

aYEYA Y AEe

ol AT Ao HRHE, A=Ax D EHAH AL T T AR #45
A2 Q8 P AWTIF A% BORA A/} FAE A0 BREh mebd, v
ARG AAR A §RRR) Az AR A 2BA 0] F WA NFA AT

ﬂﬂiﬁml@ﬂﬂﬁﬁg%%%ﬂﬁoﬁﬁﬂm&“q Aol wheh A W3k o] 9
FAEe Wzt sk webA, Ca-WPSHEFAAS 714 d@fid e B2 A
ﬁ%@%ﬂ”ﬂjml”ﬁﬂmﬁ-h%%%@“@=%HSOSZﬂTWﬂWﬂﬂlﬂﬂ
A NS A-E N E AEet] AWAETE AAR § ol AW shaL, Ax
oy Cas Aolg W § A AN NFAARS A 8o 2 v A (L3t
= A H90]2(CDH 9 vNks s FACl AASE WS AT 3200
= A48t (3 5).

—

-

[o ~{01‘
F

E 5. AHEYY] AL mE FAY FAEE A=A
AEE EAE
A= H] 11
WPS(€%) =AWPS Ca-WPS
il (%) 0.5 0.5 10 ICP+4] (Ca 71<5)
2 (%) 14 12 12 A
oz 7 - 22 A A 2~ E
ZAH (%) BT 7 - 4 FAIAEA & (853
AT 7 4 - FA YA ()
e stE (T, %) 60 60 60 HPLC (Lactose 1)
TETE (%) 2.9 2 3.3 TS5
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FERATYY, TS 32) > RKAIY K1I"'1(-'a'—’|"- e} -> MI=(HTST,80°C156=), & EEIZH(SD)
% 3. 2 Ay o)y wheg 712 dwldel BAGAHEY (A ) AEA

- 44 -



) WPS 4 Ca—WPSUl f3llu|AE Ad715 AT HTSTALH)

(1) A754
2 Aol Qlol HF Product 7164 =912 E2AEo]7] wWiel] Ca—WPS+ 1 AHA|
7F Alolsl & ¢ vk a9y, AFeEA FAFY AFES SIS ARG (Y e o
A A2 FAE VIF 9 A,V bEE J1IEN 1 RUREE 3 R )Rt
2007.) 2.2 A A 20,000 cfuoldt/ gofof st oo+ 9] T wAoloof st
oardekal Aok =, FA N AATE LGS EolBRE Aol ol o] fFHERZ o
of thst Aol dAgsitt & 4 Uk wEbd, & AFeM = ZaRrIHE Azt
HTST (High Temperature Short Time) A A9l 2% 4 AJ7Fx ZAsto] ARtz
iy A3 = B 7hskaloh

u}i -10

ol
=
1

rlr r_?l;oﬁﬁﬁ

o
mlo I-U\Ll

= A™Hst7] flsto], FHH AxRFAEE YA AE HTSTAAE S @A @

o] W3tE fekA koA Alwadrt Hojural ezl 23 (HPP) Al 2~
 luA sion HA AdFder A3 A vk AES 2
= o 2ol stk UlEFHTSTAAE FAHE)oz2A, ¢4 55
o T @ hFdT FAF § o]F 7x(Spray Dryer, 175C %11) 3t
Ag3 AzxBoyg 759 #H3E A AYgF-18 BUT A8 sk
s ex 9 AYAE 75T, 15%2 AAFRoH, A -

H

1o,

€l

2. EI

o}l :10

ol oX
m e e 42 o flo of

(3) d¥aal
HTSTAARS] Heee 2 A A ztel] wE A adhes SAHEAIEWH (o] 78k o 2.
A2 F2E 7% 9 44, V EE 1, 1 AR E, s 3R (DA

of Faho] AT,

4) A3t
7o B9 A 8 Foll Fabash e Wabrh il 2y, el A
ol A2 g —13 A -29 AdddEA Aelg-19 des dFael AEse ddE
Ao A, A= HE-22 80TIA 156% Aest F97t /b Adanst 58 Ao
2 gAH gt mebA, Ca—WPS tid ARt Al xde AT Ae-2x10%
AAehe AR dAsltHE 6).
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FK

8o

ZARA 7}

HTST (High Temperature Short Time) A A2 g% 4l A|7FEAe] w

=
-

Al

Bix

HTSTAHZ 2| M Al a9 (cfu/g)

/e e )71 e -2
AHEA 7 (K 2] J) 2.7x10’ 2x10" 7.5x10°
AHEA 3 (K 2] $) 2.5x107 80 ND
ot (K 2 ) 1.4x10° 1.2x10° 2.3x10°
gt (4 21 59 1.8x10° ND ND

A 2 HTST §A28 HTST(75C,15%)xg HTST(80TC,15%) A

ND: Not Detection
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v}, HPPA|AHEIS] Ca—WPSY Al#71¥ AHATMHPP, 21 EHAAH)

1 A554
B AXZogx $HE AFLES 9% -ﬁLﬂ]/\]-?ﬂ’(TJJJrQ@%iﬂ A2 Fibw 71+
9 94, V 7teE 71, 1 578, s 8T, (3) A4, 2007.) S2A Al &
E(F 1 20,000 cfuolslt/ g, that: '%"é) 5= Sleto], HTST A|AEl o]
HPP (High Pressure Protection) A| A~8S A g8l X8| d3-9 A|#AdS H7Fes o)
=, A A s dstr] flste], @A AEY R HItE ek oA ALt
Z7F Holurta gzl 2 HPP)AIARS] a3s HAAToRAN HA AdsHdor
A AE7ts e FA A skt AAS Ash AT 2 A e a3 2

2) A3
HPPA|A® ] Altadts AAst7] flste], A2 A ATAE (A U)ol A Bis
¢l HPPA| A8l (e :QFP—35L, QUINTUSA, A9 & A&7k Abgatg o, AladA A3
% _,45_ 7] Z] u]—uué_jizq q]%l:/\g/\]—/\]/\wﬁ_ x%%_g}oq /\g}\]—s]. Ca—WPSZ ]§37], /\]_%_ ]_oﬂq_
AdAd AL FAF W AHAYZASEZM At 45S AFESIR oM ( E.sakazakii, E.coli
O157:H7, B.cereus, ZAWAl+ (White colony, "|%4), &X+ 2%(S. cereviase
JKK091002, Getricum) < 27 Wi $ ol & 7A@ (Ca—WPS) W s L5 A sto
23 A g shs 2072 AA e
AT 2 2ol AU S, T 2AE Ca—WPSEaY &3l v 37 242
2 3o, A¥F AL Ca—WPSEZ(1 7| oin] "o YA 9-E 1.1, 1.5, 1.8, 2.0,
2.5,5, 79, 98] &R &3l T o7l 4F FAHE HF A oA HPPA k3T
H W24 Ca—WPSY E3+ts FdstA JFA10 5 Ca—WPST% tiv] 2812] 70%cl
&S Folotal 6Agto] A S o a s Frhskaith
a8y, a1 A s 47 AaREES V|FoE HPPY 13- Ed H9e &%
2H(1) oin] YA A5 HEE £35 HPPE 13X gsts 27107 o] oA HPPA
o] AdadE JAdsArh
]:rgﬂr% A7t S5k HPPA elx=a8 AA 2ol whel 500MPa 8 x4 0A, 15
I

b

Bzeh 1338 et 2102 AA Ao AA sk
3) Al
HPPA] ~ Bl ¢] A Eﬂr% zuam _?48]-01, A8 7 HPPA el A F2-2 sheldt 5 HPPA g

B AHESTE el £ g9
o] AdRkAl Y ﬁﬂ? ARl %0}04 *‘/‘] OPOﬂ‘:‘r(L 7)

4) A3}
Hl 724 oeh& M 7-o] Al ads A2 d tiv] o 40%2 995 234E HeER Sl
HPPAIAEIA Eo] wE A Agdad=zA, FATET aidw 2 I8 Af
(E.sakazaki, E.coli O157:H7, UMl (White colony, 7l54) tistol= 2371 100% U5
H ARG, T#EA (B, cereus) & B¢ A a9 gl Ao Sl

—

_47_



Ca-WPSE A F) EAsHE AFAE EHRYL §)5to], Ca-WPSH LT >

N BAIE AA A AFETI}F QA=A Fgkr,

L34 7Mool & HPPAI AR Al &z A 4d3, &85 A7 el Aol oist
Fo)d 1A gk
AE0 2 HPPA AR Ca—WPSUZAAE AlfA A8l o7 A3shx] o= o=z 2l
A==
¥ 7. 558 29 Ca-WPSY A (Ml 2 g5)o oist HPPY Al a3y} AP 3}
FAEY AT A A 27 A clue)
HPPA 2] | HPPA &%
e Ca—WPS Al (Aw) #ZdA2 (thzx, HPP ¥+ 2) 25x10" | 3.4x107
H] Ca—WPS 100g+70%EtOH 500g—>6A7F 7 %3 2.5x107 1x10%*
HPP—1 [Ca—WPSE2 ZAIF A ZdAgs 2143 2.5x10™ 8x10%*
HPP—2 |Ca—WPS¥2H(1): A2]4(1) £§5 HPP 134 2.5x10"" | 1x10°*
HPP-3 |Ca—WPSE9(1): Aa]4(1.5) &35 HPP 1311 2.5x10" | 2x10°"
% ST HPP—4 |Ca—WPSEZ(1): a4 (1.8)£3% HPP 1347 2.5x10™ 9x10"*
—HHX] PCA 1 = . T HT .
HPP-5 |Ca—WPSHE%(1): #25(2.0) €335 HPP 134 2.5x10" | 7x10"
HPP—6 |Ca—WPS¥uH(1): 48] (2.3) S HPP 134 2.5x10" | 2x10
HPP—7 |Ca—WPSEuH(1): Ae]4(2.5) &S HPP 134 2.5x10"® | 5x10*
HPP-8 |&5%#8 GeotricumZZ(tfx, ¥47) 3.0x10"2 ND
an
(Geotricum | HPP=9 |£5%8 Geotricuma'% HPP 13|34 ¢] 1.2x10" ND
,LPDAN]A])
HPP-10 |&5%8 Geotricum®2 (1) 84 (9) £83F HPP 13/42]| 1.0x10" ND
HPP-11 |&5%8 S.cereviase JKK091002% 2 (1%, HPPY-2]&]) 80x10° ND
an
(S.cereviase | pypp_ 19 | 222%8] S cereviase JKK09100252 HPP 13]7] 1.2x10' ND
JKK091002
JPDAH|A]) .
_ 5 EY S.cereviase JKK091002E%(1): ROF(9) = 1
HPP=13 |5 pp 13)% 1.0x10 ND
ND: Not Detection, @ : 4% IAF A [HFEHT © 2.5x10" E.sakazakii, E.coli
O157:H7, AW A+ (White colony, Y|‘&%), B.cereus|, # : 7dZ&w (B.cereus)
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Hh. HPPA| AR S 223U Zddol dig Ad 92 2433 3%

1) d754
2 Ae AFoEA FaWA7 AFEstel ol T8 AN F5S flste], HTST
Al 2"l o]9] HPP(High Pressure Protection) A|A~8lS A EA| AAAAS H7EsH F A9l
Ao b (EAHSH o mlAl= a3E AASATH(E 8).
=, AEY Y WEE kA dodA AdEdrr Hojuray e
(HPP) A ~H 535 Ao rA AR 24WstsE A dstA oA Adazt

=
S g age Aweta A HAvh 2L A% AET B ADPPES e

a
5
ot

b

B o2

.

2) AT

HPPAI AR Y] Atazts AAstr] fste], A FadA4E (Ad U)ol A BiF
9l HPPA| A (Rl :QFP—-35L, QUINTUSAE, 2~ 95l & A& AFE38td o, Aldd 174
S 93k 7| A A 7 A Y (Fonterrarh, A ZEAZES 1 NZMP, 72 A=) S A7 AL
a3 Th.

Aol kA 2HEEY A9 Ads A FAske]l Bt Y, Bacillus.spp A2 534S
Kol Algto] 5.8x10%fu/gl® AZFHYOo U AFA AFA e AAEA omgA Q9
Ao 7FAANZ aHSA AT HPPA o] 2 AdashS vlwstylch

A AL FAT D A Z2HO2A E.sakazakii, E.coli O157:H7 181l B.cereus=
FolE /| AGMA (ZHA Y TLdFE APt £ A8 (1x10%cfu) &

= A e, A Alet (White colony, &) MEZ Aeleglon
=
[€)

2

il

AYTE et ol 2AFA F, GETEAE 2HETY S35 1A} 2U0E F
5.5, 709 NER &3 F

= 5)
Atk 19aL, ol 2w &3l

3) A¥ekel
HPPAI~®1 ] At @75 gelsty] flste], ¢4 Al HPPA A +7F &3staL o]
A HPPAH S AEATE Ao zA ARE s, A3 e AE3d
(2008) 9] v EA S o] kAo HAHHol| F3Fo] A A 3T
Fgh, HPPA 2] d$-o EdHstel niX= &= Adwish 331 2 31 d
FHFAEFE +++, A A ++, B A9 +, 29 ") gle Aee —E FAs

of d3tE AT (R 10).
4) A3}

7H HPPAIARIA 2 Alday F7FEa3=2A, dATds 1THSAMAR E.sakazakii®t E.coli
IR (B, cereus) ] ASE Alda
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Y= %6@% g A= *UIGP éﬂrOﬂfHE 0“1 :LaL
oPO% Xﬂ?rﬁﬂrﬂ AG = A kit meba, HPPAI AR kel d Alltol diste]= AHE-0]
Elsd Row HF i‘f‘ﬂﬂ?ﬁﬁ(l% 4).

) HPPA o] wh& &4 2 A Wstddd s, 22+ &l d7Ege] 4= A
SR AshEel Aa] et A0% £ s, 865 A sEe uglel 4
/\1-2 032 7‘_:}Au_o_ L]'FJ'LH%‘:]'(E 11)

th) HPPA 2ol & /Ul FFAd+ W3lE Lactoses 7|02 A HY HPPA ] A&
9.97%7F A& A=, HPPA R F= 7.58%7F HEH ] oF 24%7t tAase ATE B
Atk webA] HPPA Al A2 Wshs frdshs 2102 AN ATHIE 5).

2h) HPPA glof we =4WstsE 43 fF8shes &l drhses 2R thy] 5 ol
of Fallar M Ber 3 Zor ddH o, HPPA &A= tdds 9 AlEFS5A
el AP AEAE e R 3 Ao R Ay gl

ohH AEOo2A, ¥ AF/NE3E Ca—WPS 9 e dS AF 313
Al adt Bl Qlo] HPPAIAES A3t A/AFo R IAHA kot

y

o

3 8. HPPA ~H19 2 AAwel tiet Ald 2 24Wst 1485 91 ANdxAd %

AT HPP AlgAzx=d
HPP-0 ZHETY 2745 BacillusAE, vE5A)
HPP-1 2% HPPA | (B8 A a5 v 37D
HPP-2 Ze20m 2795 Ef) A9, 9) 8% HPPAHE A 3)
24T 1475 | 2520 2775 BacillusAlY, 18k
Hpp— 3@ | E-sakazakii ESR S {ORRERERS (9)15L_]+ﬁ(xl(i4cfu)@§§r HPPA 2] (1))
B.cereus [ZFEE(D) - AYAGF (9 ES] HF (x10%cfu) HEZ HPPA 8 (13])
E.coli 0157:H7 (2 (D) AYA57(9) =]+ (x10"cfu) HEF HPPA 2 (13])
HPP—4¢ LEf e 2 (DRI F @R +IWAT 130158 A5F HPPAR (A
(G A+, White colony) fl)é_z"r%fgéjlﬁ w5

E 9. HPPAARY 2R Aol oiet AFas 2447

AT HPP A&7 (cfu/g) _
HPPA & A HPPA 2] &
HPP-0 5.8x10% NT
HPP-1 5.8x10* 5.8x10%(Bacillus A1 Q)
HPP-2 5.8x10* 8.0x10%(BacillusA1¥)
ZHEUY uHTF 5.8x10% 8.0x10" (Bacillus A1)
HPP— 3@ E.sakazakii 1.2x107 ND
B.cereus 4.0x10* 7.4x10"
E.coli 0157:H7 1.4x10? ND
HPP—4¢ 1.4x10° ND

ND: Not Detection, NT: Not Testing, @ : 3% JA|+ &Y |[E.sakazakii, E.coli
O157:H7, B.cereusl, # : A&+t (B.cereus), & WA+ (White colony, v]574) &+
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i
i
13
N
a
&

HPP -3

)

HPP-4
(HPP R 2| =

HPP-4
(HPPX| 2] =)

3} 2A1A 7

Al &

1% 4 . HPPA
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3 10 . HPPA AR 2R 20U ddwel et Ald 9 243t 1843

TFHHPPA o W& AFaH(cfu/ml) HPPA g = A3 H3}
AT Gram (—) Gram(+) | o as AL 3
=]
E.sakazakii | E.coli H7:0157 wC B.cereus | 23 RCE S
HPPA 2 A 2.5x10° 3.2x10° 1.6x10° 4.8x10" +4 ++
HPP
(1:2.5) i
HPPA 2] & NT NT NT NT +4++ +4+
HPPA 2 A 4.8x10° 6.2x10° 2.4x10° 6.0x10* - +
HPP
(1:5) i \
HPPA 2] & ND ND ND 1.0x10° ++ +4+
HPPA & A 1.2x107 1.1x107 1.1x10° 4.2x10* + +
HPP
(1:7) } 4
HPPA 2] & ND ND ND 1.2x10° + +
HPPA 2] A 1.2x107 1.4x107 1.4x10° 4.0x10" - +
HPP
(1:9) i \
HPPA 2] & ND ND ND 7.4x10° - +

— WC : White ccolony C¥UAIL, "F74)

RS RAG -, 2R, A, AT+

— 23 A=x 0 500MPa,15% (214A8]7], QFP-35L, QUINTUSAL, 2~9)
— NT :Not Testing, —ND :Not Detection

o
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AlE R

HFP(1:2, 5

HPP(1:5)

HFP{1:T)

HFP{1:9)

(=) (HPPHEJEI) (HPPX| 2l =)

¥ 11. 55Y gaixdof wE /-2 HPPAH g wE EAH 3 el
g2 0 A, HPP(1:2.5): /89 (1) A A¥94(2.5), HPP(1:5): =R/
HPP(1:7): ZFE2(1) A8 A7), HPP(1:9): 2FEZ (1) g4

i

(1) 6),
(9)B1E& 3|A5 HPPA 2,



i ARG X
00000 - ﬁ
=
/\14—1% Lackse
ll |
J o
— ',' o ll
[ 8\
- HPPHEZITA : 9.97% HPPX2|H HPPXZI=
: — HPPXEZ2l - 7.568% —-Lactose: 89.97% -Lactose 7.508%
{S006Pa, 15min, 13} —AHAF - — AN AE - +
+0¢000-]
—_——
10
2000
g
.:'IIEI'-
J SR e A

(ZHED1: A4 G59)

a8 5. 2T 2%, w/w) G el thstol HPPA 2ol uh2 Gt (Lactose) B A7 3}
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AL Ze dEolY #¥ Ve 7] S 2 9 Y3zt

rxa‘
o

AL ABLHI AL 7 AR (F R S ol § BH—folE e ANE A2 3
of M3R AxEe AgHALd, ZHETAHFL 2A(30,000~5,000ppm) i 7
oy HE® g AZHS A8 Do)y wgw

pE 7579 We, Juae weh PR BA0 A4ska A4 skt

2) A5y
A 64?-2/\414103 [e] 1;]_,%34 ZE]__E]'
Q27248 FEEZ2MIFY) 50gs FASG 300mlel g3&ist & Ax
QF wRF(150rpm) sk ok 18131, YAF2] (10,000rpm,15C,15%) % #4710 % A
H

2] 5k Tk
H W24 = ZHaol %741 Aol H&%l FEHEES Iy THE AL
=, Y 50g thy] CaCle.2H20 20g<= =93k & A5 300mlell 833t 5 x4
of 4] 308t wHH(150rpm) 3kl 183, o]& A48 (10,000rpm,15C,15%) 3kt 3
AEHe o AEst & 53] ¥ A HAY FY S Ax

0% thA B 200mIE A 7HE
|

A2 7 24 egel Ao 80,000~100,000ppme] H =S W2 (e A2 & ol

o AZSISE G, ZEUOIY S A 28 (80T) EAFH AN 30LEL 13 (150rpm) A2l
20 e Askns vwT sk $UsH AA s,
a9, AT PPOE AHWAE FFAUS At ol (CD AALE AY

3) A3 &<l
sAAYE AEE AEE AN 2 FT-IREA S AAlste] Zdold ##
715715 AP oY, HEHEAL S doks —?46} o] SEM (Scanning Electron Mlcroscope) ¥

stk T35k, XRD 245 Foto] 7AW dn g 7‘-:1_31]0]%] HE-3-©]

A

ruﬁ
>
1%
Jo
oft
H
( HE
1%

4) A3}

24 Adeoly  ®mEol  wF2A XY (30,000~50,000ppm) ¥ =2 A FW (80,000~
100,000ppm) &2 F#38Fo] Az ol upE Aeole] A 757 & Fdste] 1oy, 44
28+ 71%57] —NHz,—COOH, COO~, —SH %@ -p<¢l Ro 7 elxdet. a8y, 24 A o)

8 g8o] deAzHo A= —NH9 —COOH, COO 7} & #ojsl= Aoz Ay
o, 3w rt Hom A os —SH 9 PR #oJdts= Aow ZAEAT(E 12, 19

Adold ado] W2 ARG w2 AW A7 Aoy 28 Vs7ls =

dl, thaehn] 108 (52 A=W oA 2o 200 e A=R) 7F 71
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Y a9 B3lom, Fe, Mn, Mg ¥ Zns P|&FAAaFe] A o) g% A Azl whet
S 7Fsh= A& gl

AMAGAE Jofnule W ALaAA A4S FRlste] 2 A3, AH A7 XBE 75 54d0]
=1 daol wnkg njvdo] AAEE AI4E Oﬂ"‘*tﬂ 4ol o] A X EAE 7
¥ 100% AAEES Bt o] FH A Na, Kk thi-i AA = 23E skl

Za deolde e FEHwEE AT ey, dx 2T A= ZF s JH7E 6l
Qo 24 S HEAAL Ao THIYS ngon 9 7= 10~100 £me Ho=
Eoﬂp}.

ZHp 71 A ez 7ko] A gtst Asle] wrE WPSe tfH] Ca—WPSQ FormularE X-ray
analysis (XRD) & &3t FAlste]l & Ay, WPSE A¥3std JHE YeERA X3 o
Ca—WPSAA 2] B¢+ AP dEo] AW Za3 714 G ae] Aol ws <
27 FAEN S EATd ¢ ARG, 183, A%+ Calcium Potassium Phosphate
Hydrate [Ca:Ks (PO18)-6 (H20)], Calcium Hydrogen Phosphate Hydrate [CagHs (POy)-
6H-0], Potassium Calcium Hydrogen Phosphate [CaK3H(POy) 2], Brushite [CaPO3;(OH)-
H20] % Calcium Sulfide Phosphate [Cai10(PO4)6S] TZFHE Hist = Aoz Ay
HAtt o] A¥%E 7122 SEM #A4& Soto] 7% 2 dAAVIE Flste] ®HokHY,
AA27]+= 10~100 zmol el 74 FHE Eoﬂ‘jr

Tk RS On] HE AHGHEHA) " olE FEUESF FAX|E Bldte] Ca-WPS9
AArES RIS A9 28%2] TE& BT

%12 25 Ao’ St Az e #d 77 vlagrt A

AT gk
2% Aeold £33 (ppm) B 7))

o =+ 5,936 -

H| 1.+ 36,450 — NH,, — COOH,— COO

A 2]+ 104,600 — NHp, — COOH, — COO , = SH, =P

_56_



100
L
i
|
|
|
|

g
st
~
\
|
|
||
\
?

%
Pt
-

Transmittance [%]
85
1
-
-

80

|. / 4 COOH, COO-, Amines, Amides

e 41 -5H
‘ 4 -P
|
| | L
, ] 8 B 2 3 - g8
g & g8 & S 3 85
3500 3000 2500 2000 1500 1000

Wavenumber cm-1

a9 6. AR AsE ZHddely A A S (24 30,000~50,000ppm) o] whE
71571387} A=

D \FT IRQOOQ\O&\OS‘I 0\4\0&2 D2NA3 1 O 090502 MNAS-1 sample foriﬂ B

o i
=
=]
; \
o
@ \
g
o _
£ e \
£ \
(7]
5
l—
0
3 [
) 1
4. COOH, COO-, Amines, Amides |
p:-SH |
8 - 4P
i
| | | | T
o 8 3 =1 S ~ o9 |
§ g 5 o ! = e
, 8 = & g 88 |
: : s :
3500 3000 2500 2000 1500 1000
Wavenumber cm-1
DAFT-IR\2009\064061 0\4\090601 GA(D).0 090801GA(0) sample form 2009/06M1 0
D:AFT-IR\2009\0610610\4\080601 NA1-2.0 090801NA1-2 sample form ] 2008/06/10)
DFT-IR\2009406\061 0\4\080802NA2-2.0 090B02NAZ-2 sample form o : 2009/06/10)
D:\FT-IR\2009'06\061 0\4\090602NA3-2.0 090602NAZ-2 sample form 2008/06/10)

a9 7. EdmAY sk Zadeel’ A A8 (24 80,000~100,000ppm) o wHE
| 757] B At

_57_



180 —
B XRDZ 3t Compound Name(Formular)
1m0 i i
T Calcium Pot Phosphat
i «__ Sample Name : WPS 006120 © | HyrablCalP O EON
L1}
A COETOER () Calcium Hydrogen Phosphate
o A 00-026-1056 (+) Hydratel Ca PO+ 6H,0)
1 ¥ 00-034-0148 () Anapaite[Ca,Fe+2(P0,2H, 0]
4o |
el Y om0 | Fomn et T
1 = 00-000-0077 (+) Brushitz [ CaPO,(OH)«H,0]
T 00-038-0263 (=) Calcium Sulfide PhosphatelCa, (PO,)63]
1o -
m 1 £241|7] == : Poweder XRD=2 (BRUKER-DEBFOCUS, USA)
g ™
0 ] Sample Name : Ca-WPS
w00
= ]
o
n
80
| |
o
cil :
l ’
2 - r AR 4
0 ] .h"i'ﬁ o ]J;
g Ir ifj. q' ehdl] g u'ﬁqﬁ“‘}'g
0 T T = B e e sy ey | T
5 10 0 a0 40 0 1]
2-Theta - Scale
/’\ |
O 8. 7AdmAY asE ZeZddold AH AL (24 80,000~100,000ppm) ol wE
5 =) =)
2 9 234 A3 (XRDEA A 7
ST 2=
¥ 13, 7[AgwAy vEE Zedoldy AHAL (24 80,000~100,000ppm) off W %
24 A3 (XRDEA A )
Compound Y- dz . Space
217
XRDZ B} Name(Formular) Scale by Wavelength System a b C alpha beta gamma | Bravais L Group
Calcium Potassium -
?‘22?8(%) Phasphate Hydrate 4356 | 1 1.5406 M°”§°““' 7066 | 11.833 | 123 a0 10317 | @0 | Primiive P(%”
[Ca, (P,0,J(H20) ]
0-026- Calcium Hydrogen
1058 () | Phosshate Hudrate 119,95 | 1 1.5406 Triclnic | 9529 | 18.994 | G855 | 9233 | 9043 | 79.93
[C2H, (PO, J+6H,0]
00-034- | Anzpaite . - P-1
o14a [CazFe+2(F‘Od)°2H201 49,53 1 1.5406 Triclinic 64508 | E8187 | 59017 | 101,65 | 104.26 70,76 Primitive (2)
Potassiumn Calcium 57
?2333(‘[1:) Hydrogen \/E? | 1.5406 MD“EC“”' 988 | 5733 | 7.432 90 4.1 =] CE:tS;E i %‘;‘
Phosphate [Cak HIPO, )]
00-009- | Brushite, syn Monoclini Base-
0077 (+) | [CaPO (OHIwH.O] 4058 | 1 1.5406 £ 6363 | 1519 | 585 90 1185 | ooy | 5
Calcium Sulfide
%028033(8) Phasphate 4453 | 1 1.5406 He”ﬁgm 94554 | 04554 | 58405 a0 a0 120 | Primitive (]p%
[Ca,(PO,)68]
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HEWPS
(Ca: 5,000ppm)

|

=

15.0kY X1.000 10 x0m YW 10.2mm

" 9. ZAENAY vEss ZEddold A AL (ZE: 80,000~
100,000ppm) o] wh& HEfH 3} ZAFE 3 (SEM)
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of, FAEZ(WPS) UiH] ZE/71E3(Ca—WPS) Al ol wE A& AL
Ca Zd°ld #71H3 2 & AF

)

D A7-54
ZEr7 sHAAl A-d e A ARz AAE fete] AxHE Bied
A IS AAE A SRSl olE flste] AT ERte e ®R, TEa #7 A
HAEs A7F 92 T 230 dAE 9 ndA e 215 Fofsto] Flsksit,

2) A3
2T AL (WPS) 25giks A5 200g0 &3lA17] = wrH(“d<2, 1,000rpm 1hr)
stal, A el 27 gle] 9428 (10,000rpm, 15min. 15C) % HAd &l tiste] 53] FA| 5 Al
HE AAE & HF JAES 203 Asilth

H] W, %qv‘i— ( PS) 25g7Hs A A4 200gel €417 & w¥H(RT, 1,000rpm 1hr)
stAA 7F2*12] (90C,30min, 138]) 3k, 9452 (10,000rpm, 15min. 15C) % A &Eof tf
sto 53] Al /‘ﬂi% AASE 3 HF JAAES sdAxzA Y

AT 12, 352 (WPS) 25g7} CaCly.2H20 10gS WA £83kar, o7]¢] FA4 200g
S F7F Fo &A1 wHF(E, 1,000rpm 1hr)sta, @A 2x7 glo] dAdEE
(10,000rpm, 15min. 15C) % JHAE diste] 53] JAF AHS AT & HE A= &
ARz Akt

AT 2, %E'—‘?:_L(WPS) 25g¥ CaClz.2H20 10ge ®A ZF8kaL, o7]o] FAl 200g

< F7F Folstar &alA1Zl & wRE(RT, 1,000rpm 1hr)staAl 724 2] (90C,30min, 13])
3218k, 240221 (10,000rpm, 15min, 150)% A%l dajel 53 FA+ 442 AT
F 4% 3B BAAEA s,

A AR, AT Hx FEED(WPS) oiv] 53] A5 sddx52] 74 v
EHE Hlasto] A2 AAEAT(GE 14).

Egolsted At AlRTH AT °ﬂx1al A5l glo] 3o, HH, Ast, 729 K
ALY LA (- WIS, + ?Jr A, ++: ASE, +++: W3 o F
AT E Sato] ol & gkl o, FAld pHRstE Fstgitt. s, Al A A ECS pH
ol WstE 1T FAlN HFE sAAZEC U ZETFS vtk (GE 15)

4) A}

A AATES AR S, g7 e AAFES 3.08% 183 ZHEER
F2 5,038ppm e YERST ey, AT 4 A9 288%9 w2 FES HYloH,
olwf ZHFHES 78,351ppmol ittt 1 x, FUE ZES HUbekA 4Skd BlaTte]
Aol AakEge 27% %2 Ca—WPSAH % “ﬁ°1 AT 28} AR AE ®BYlou 7
G FS 36,608ppmOE 46% 2] ZLHCl®W &= B et ol fAETe] B
stal Qe I ZEFe] A i duduR $HHASE OEL T Atk 28y,
T2 ZEs HUreloy ulgdAE AETAE AYT 19 Aee ZEEREe
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87,828ppml.® 7H¢ =4 YEtwoy F&
3} ZF2 AyYoly FEHE =& AoF Ho
Alo] Wo Ao 7 FALE 9T},

AETL AHDAE Fole AAFHL 4% o)akel AHTYL AATHE
Afe Ao vehdeh BAG 53 AAPe] FRE Aol AP pHel WE
gelste] wokHY, #oH 2EE AskelA eakd iz vinTe pHE 6427 4

S A7 AT 13 Ca-WPSAIA (HE]7+-2) 9] pHE
1260 The bl ERICh mebd, el delolg Mol mhek pHel £ rha 2

2 9.20% WA teht A4 glolw Fog
I QAst GHEA gomeA AFHA &

E kA S ArEgted, Hute
A Fof] Agh FAAGI HHFgR g B AFo] Ao, Ao A-e= ok
ol TA7F BASHA] kokeh. oink, A+ 29 pHiz Aol 4.72%01 Aol nlste]
4.260% 45 fHadhs AdFS Bdth

AZo7A Ca—WPSthaAgAr
2 oA tHAdE gl
AZAAT(E 17).

At 2xem dAssle W, Biksdol 7t

[e)
pul e
o, 3 AEFREE M w2 APHeR HF

.|_4

FK

14, F22(WPS) 2 Zg#71 83 (Ca—WPS) & A Aabsg AR 3

o 35S A _,E_,_ 2~ 0
AET fAvEaRG &) oo T
FE471%E (g, B) (B/A)x100
o] =+ 25 0.77 3.08
B W 25 6.75 27
8T+ 25 2.3 9.2
8T 2 25 7.2 28.8
¥ 15, FHEZT(WPS) 9 ZE571H3(Ca—WPS) & AejHdE Ego|gstd EAWs %=
AF
H| A 2 932 (90C,30min., 13])
Al H] 3L
S FHAH A3 3& 2 { pH S FA Az & BF5 pH
fhxz+ - - - — = 642 NT NT NT NT NT NT WPS: Hdx4%
Mot - - - = = 642 - ++ — 4+ ++ 6.29 WPS: dAg
AHg+1 - - — — — 472 NT NT NT NT NT NT Ca—-WPS :HgdAg
Ag4t2 - - - - = 472 - - - = = 426 Ca—WPS : ¥x¢

—ASgE, - W WA, WA, -+ WE ol A
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3% 16, AIHEAE EC(s/m) % pH W3k (do] vvld 3 S5Ado]2 A Aa )

NEE Qo 13} 23} 33} 43} 5Xt

B 1.406/6.42 0.109/6.90 0.023/6.95 0.011/6.86  0.008/7.35 0.004/7.20

H] .+ 1.406/6.42 0.186/6.77 0.164/6.97 0.065/7.14  0.016/7.29 0.021/7.26

A2l T-1 2.0/4.72 0.575/5.77 0.307/6.58 0.040/6.95  0.034/7.13 0.019/7.32

A2l T2 2.0/4.72 1.851/5.15 0.342/5.72 0.220/5.96  0.126/6.02 0.021/6.77

|
Y

1 £E5(0.036/7.26), 12 AA4(0.003/7.23)

kH

17. FREZWPS) 2 2577183 (Ca-WPS) o A Zadad =AM

ICP 5447 (mg/Kg)

NgT

Ca P Cu Fe Mg Mn K Na Zn S
ws U e I w MouE g
awe UM N5 T e RN 4
B e N R
SO i A A
A472 Digs Yies N Lo tae N Sl caso 1o -eas
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Zt. Ca—WPSAA 2] YAt 2 /71 ZA

D A54

= A A I FAZ2WPS7IE F1HE Z2aAlAl S8E AHd (pH 2.0),
/4 (pH 6.7) 2 47174 (pH 10) o= 243 5§ Adolg whgo] TR pHHSIFA &
shelstal dAe] 22§94 EElolshety gl =4t A8 S kA B8 AF A
oy At FA 5 wlaLsto] yat Bl Y14 F7E A A A skl

AETE AxEL AxE ARl thete] A ZEdRE ARE AASL, deoR
T FLdZF(w/w) 9 % F71E 3 AA (Zedad 2elFo)E H7F § AR A5l
= (WLEd/=el/el13kerd Wsh st gRldtorA AEFA3ds ddsta A sl

ARz 7AW R = A GGl Ak R E(WPS) & AHE-sElar, Adold
A3} (CaCl2.2H20, 94h) & 4¢3} A}%o}‘%}
71E Y3t AFEAE LY A B+ (Fresh milk, 200mDE
3t Abgstglom, AFTE vAE T 29 5 At 13AHE-S dF o= Sgln
A= Ca—WPS AlAl i@ Bitad & 4 &sto] AAlstalt. =, A yaAd g

(WPS) 71 F71"Hs ZEAzAl §Ell7E AH (pH 2.0), T4 (pH 6.7) % 947174 (pH 10)
Ao AT F Ayold whgol TR A pHHASFAE Sl zA] Uit 2 drA
ARE G ol 9% AT = s 2ol A S

gz 12, #3859 50¢¥ pH 6.7¢ B AAFE 400gs A7t S/ & 1%]7&%1
WHH(120rpm) o] ¢ =W pHE SH kGl T3k, 2 Ao’ avE A8t flsko], o
g o]l ¢ E W o]oj A AR (10,000rpm, 15T, 15%) A2 A3t or, JAE o
tiste] 23k AAGE AFE 53] WHE Al H 2] & 5A 028

W 18, 3% % 50g7 20g(CaCls.2H20, Mw 146.99, Ca : 27.3%) 5 &3+3laL 97]
| pH 6.7 “éﬁ”*xﬂ 5 400gs H7F EA17 & 1A wRE(120rpm) ©] €55 pH
E ST o, WA 7] 2elA 2 Ao’ avE A f1ste], wnkE A
o] k5 =W OIOW A48 (10, OOOrpm 15T, 158) 34 & Akl om, A-dE] tfsto]
b A GFE AHE 53] W Al A A $ sAA R

Hl W 2+ F-3E Y 50g7 20g(CaClg.2HgO, Mw 146.99, Ca : 27.3%) 5 &gsla o}7]
| pH 2.00% 49 HH#HAFE 400gS F7F A7 F 1A7HE<H HP(120rpm)ol
S5 =W pHE S sk, A 1ol A 24 Adold Eﬂre A73st7] flste], wrk
7ol ¢krEW ojojA A4l (10, OOOrpm 15c 15T) e AAlsiglen, sl o
atof 241 4 xﬂ#—e— AHE- 53] REE A H Y] & FAA x0T

H] 2L 2L 50g3 20g(CaCls. 2HZO Mw 146. 99 Ca: 27.3%) %5 &35stal 7]
°l pH 1033 _%@_% A G Al 400ge F7F A1 5 1A1ERF wRH(120rpm) ©] ¢+
259W pHE SAsth =8 7148 1delA 24 dyold ads dAs7] flete], 1

l

2

\)

2
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&

1o

o

F o,

bl

ol

Oft

Wy go] ¢kg ¥ ojoj A YAE2] (10,000rpm, 15T, 153F) 382 AA
tiste] 22k AT E AFE 58] WHE Al FH 2] & A28

AT 12, 35 50g3 20g(CaCly.2H20, Mw 146.99, Ca : 27.3%) 5 &3 3 o
o] pH 6.7 2 A A AATF 400gS A7 €217 & 1A 7H5¢r wRF(120rpm) ©]
sakal, A2 (75T, 302, 13) 34 S AAISE & pHE S35kl &3, 24 Ad o)y
= AAsH7] $18te], wRkE o] &EEH ojoj A A48 (10,000rpm, 15C, 15%) 74
Arstlow, g ol thate] 22k AFE ARE 53] vHE AlH A Y $ FA A6k

AT 2% AR 50g7 20g(CaCle.2H20, Mw 146.99, Ca : 27.3%) 5 &3 & o7] 9
pH 2.02 4% A4 A5 400gS A7t LA 3 1A17-%9F wHk(120rpm) ©] $H= 38},
AA 2 (75T, 30+, 13) 58S A & pHE SHsI . =3, datzdstol A 24 2
olg a3=E A Yste], wdty Aol grEw olojA A4 (10,000rpm, 15T, 15

A

) T8 = AAsE o, AdEel thete] 22 GAIFE ARG 53] wbE AlHA]] & sdAx

o ol o N

¢

oy

HE 50g3 20g(CaCly.2H20, Mw 146.99, Ca @ 27.3%) 5 &3+ 3 o3 7]
pH 1002 A% HaGA5 400gs H7F EaA171 & 1A 75 wRH(120rpm) o] ¢+=38F
I, A (75T, 30+, 13) 4= AAISH 5 pHE S =8, 74 =dstel Az
& Aoy avs A7) dAste], wutage] fmEw ojojA 4 (10,000rpm, 1
5T, 168 345 AAston, A& thsto] 221 JA+E AFE 53] ¥ AlH 29 5 &
AAxsAT. AAA I pH 22 IN-HCl 9 5% (w/v) NaOHE& o7 ZA a3},
AAAEZ WPS W Ca—R71H18F $EAAZA R ICPEA Y AF4 84 H7FE 8] A
T A7l A Esta, ZERVIEHS TR D AFAEAN BUE I Az

78T (30-) oA 13] A she= 2oxE AAsHSH

W) AF4-84 37t

B AdE= 7h o] AE7E Az WPS W Ca—#7| 13t 324X A 55 ICPEA 3} A&
A4 7S g8l Al HUPA Y A gk, AR 50g W] FAAEZET 0.5gH &=
E3tste Ao ®E St gt ZEA7EHE TR 9 AFA LA Vs A 4
AP ZAL 75~78T (30 oA 13 Agsh= 2oz AT

Q2T 12, AlFE 21dx8t9 F#hlst AlRE Al 50go] E3ste] =48k

gz 2, 9A4E AF-(75C,30%, 13)E sAAXTAERE FH|ske] Al 50gel 7t
gt 2o ® xAsHsith

HlwT 18, FHET 0.5gS Al 50gel £3sta vldAe xox AU

M 25, 352 0.5g8 Al 50gel &3t & 4A 2 (75C,30+%, 13) o=
/st

AT 12, Y 50g¥ 20g(CaClz.2H.0) 3 pH 6.7 A GdASFE 400g H7F &3
gl wRE(1AIZE 120rpm) 340] ¢85 & A2 FHdES A (63, A et 5201 %
Azz Fvednt a8 SA0F AR 0.5g2 Al 50go] £t njdxy 2HoR
k=S

AT 2%, AEEH 50g9 20g(CaCly.2H20) ¥ pH 6.7 28 FASFE 400g A7t &3

2 WHE(IAIRE, 120rpm) 0] &8 &, A4y AdEs AH G, A9 F 5281
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A2 F8)3Y. a8 544X A8 0.5g2 AlF 50go] E38tstar olojA AA (7
5C,30%, 18) o= A3t

AT 32, 2% 50g3 20g(CaCle.2H0) 3} pH 6.7 24 AA 55 400g 7+ &3
8 A2 (75T, 30%, 18)F eH(1AIZE, 120rpm) B4} 9487 AAES A4 (653, 4
A S TAAZAEE 5T 2832 =A% A5 0.5g2 Al 50go] =3sta v
Axg 2How 2A3IT

AY T 4=, F5A3ED 50g3 20g(CaCle.2H:0) 3 pH 6.7 A A2 400g 371 €31
9 A (75C, 30%, 13)F WA, 120rpm) F43F AT BAEE AH (53, 3
A S TAAZRAEE 5T 1832 =A% A5 0.5g2 Al 50go] =3sta o]
o] AA e (75C,30%, 13) oz A3

AT 5E, FHED 50g7 20g(CaCly.2H,0) 3 pH 2.0 2 EAAFE 400g H7F €30
W wHHIAIZY, 120rpm) 340] 98 ¥, 94%e AAEL A4 G, A5 F FAAZA
2% F)edu 18w SAAZ AR 05eS AlS 50g0] s ndAE 2How 2
ekt

AT 62, 2% 50g3 20g(CaCle.2H0) 3} pH 2.0 42 AA 55 400g 7+ &3
W wHHIAIZY, 120rpm) 340] 98 ¥, 94%e AAEL A4 (G, A5 F FAAEA
S22 Frjedtt. 18y FE7AE AR 0.5g8 Al 50gel E3sta olojA Az (7
5C,30%, 18) o= At

AT 78, F3EY 50g7 20g(CaCle.2H.0) @ pH 2.0 24 AAFE 400g H7F €30
9 AH(75C, 30%, 13)F WA, 120pm) F43 AT BAEE AH (53, 3
AT SeAAzARR Fo)akeh 183 BAA% AR 058 A§ 50g0] Eatsla
g a2 AN

AT 8L, FHED 50g7 20g(CaCly.2H,0) 3 pH 2.0 EAAFE 400g H7F £-3)
8 A (75T, 30%, 18)F eHIAIZE, 120rpm) B4} 9487 FAES A2 (653, 4
AL F FAAANER T8tk 28l1 B40x AR 0.5g8 Al 50g0] E£&sta o
o] AA e (75C,30%, 13)xHoz A3

AT 9%, 2 50g7 20g(CaClz.2H:0) ¥ pH 10 Z=HZATE 400g H7F &3 2
ANHAARE 120rpm) 390] 28 F, ARe AAES A6, I F A28
2 0|9y, 181 SA0Z AR 0558 AlS 50g0] Eaan ndAe 2A0w 24
sk

Ag T 102, F3 2D 50g7 20g(CaCle.2H:0) ¥ pH 10 =E A AFZS 400g H7F €31
9 (1A, 120rpm) B40] S %, A48 AAZE A% (55, 4415 F EAALA
52 FHlekth 28l A% AR 0.5ge Al 50gel E@star olofA AAE (7
5C,30%, 18) o= A3t

AT 11S 38D 50g7 20g(CaCle.2H,0) ¥ pH 10 24 AAFE 400g H7F €30
8 A (75T, 30%, 18)F eHIAIZE, 120rpm) B4} 9487 AAES A2 (653, 4
AP F FAAXANER #1318l $A0% A8 0.5g Al 50g9 &gt
AAg =AowE FA3ATt

Al 12%, #3¥3% 50g7 20g(CaCle.2H20) # pH 108 A& 400g H7F &3 2 &
A2 (75T, 30+, 18])F wHHIAIZE, 120rpm) 382 A& JAES A% (53], A5
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T sAAXANER FHlsIH. a8 w238 % Al 0.5g= Al 50gol =@stal o]ojA
|

A (75C,30%, 13)xAdo 2 FASITHE 20).

729 myld #A42 7]EA O E Caoll sHgste] ICPwEAS AA]
7F Fo] dAYA EARME ZAG RO 2= ¢rYdAte] HelxAl G R
A=zt 9 pHel AV|AER oz Agdto] vlwiAl skl
s 9t S4717I2 SizeS7 (um) = Lazer Paticle analysis (MODEL
SALD-2001 (SHIMAZUA}, d3) & L5492 Refractometer (Model ATAGO RX5000
a, Japan), A%% 34> VAPRO5520(WESCOR Ak, #l=), HE=Z%L VIBRO
Viscometer Model ~ SV—10, Japan)&  AF&3t%lx, pH % EC FAH
WM—22EP (DKK-TOAAL, &) 7]F= AHEshslcd S8R 71532 A8l st

o] A8kl
AAAET Y] 202 Age s2ol3ter S4e AbsIglon, 230 % § Al8e ICP
A W A 7L e A F A
a

Al 9 2 Aeold

o] gmowt Sx, Az, wMr PaAd W AAAN BAGEE MLAA G0
w, A3 AAE ASAT ASE b, ARASE 44, BARIE + 20 2SS

L (WPS) 71 7188 ZaAxAl §34E 2 (pH 2.0), &

(pH 10) =1 o = 43t ¥ Ay oy Jhgo] 1 A pHHSTA & ERlst™
d A5 s TH(E 18).

6.7 2 1002 243t &35E ol gt ZER7IHS g

SA tx279 A+ pH 6.701 0, AHere I el daglo]l 4.6~4. =

ool ZER7 st Axg el A 2 97148 Adaglel T89S BAgsta e 5

%,
)
9
=
1%
ox. ox L,
Jo

de FAsT 28y, AR B dtke] &S AKH R HUEAY =
T bR Slo]l EAZE TS s AoE o SHu

A VA 2O Az ZeRTIEE ALY baAdS Frlstr] flste], 78T
A dAEE Ao BHY Zg Ao’ m&o] st # #F, vFAolE YER
of &N FAAYe] Srtete Ao AHIY. ol e A= 1 A dwide
wE §2, Ff, Ast 9 3 5O e B AolE HAoEA ZEfUH sk o
2 Hles7tE A%t 5ACE AFHAoH, AEs AEALE vleAE Adstae A
el ol A fle Ao daE I

Wik 2 YA oM AlxE AgTE 2 ZEel® adE vlaste] Batyy,
TR AA7E 5.308ppme] FHrekal UARE A A= 9,936ppm O E F7HE o



AWA Q1A geto] oF 50%2] Adlold F7taNE DT Us AoE ZAEUY
ol 7IFoE Y WU dus ¢S J J 7
= Ay FEAR Bt C’LE‘r.
AzA, dA8gd A4 A 212 55,000~60,000ppm WHZ AEH4E HAUA
o 9717 Zﬁ% 95,630ppmC.= 7P7e} Adlol® sEol Hods & + AU
ol VlFlr dAr AHE AHRIUY T4 F A A= 9F 110,000ppm
= E?:L‘li’ﬂ A 71271 ek 9EE-7F €F 60,000ppme] Adold a7t A
35 Esto] F7HA2® 50,000ppmelde © FAAE 7 Aese & F AT 17
U, d71xAeA  dAgde 95,630ppmlE  Zro]l AEHUdEdH Iy F=
61,000ppmC. = YE} @38 °F 40,000ppme HAA 7= AR FAESIL ol &
7t =do] dMAdS &A= AF5EAH AWTE A= vlFE vk
v e 19 o FEF olf7F HAAY Wb, REEE 2 A7)
= QbdAde]l dojxo] lun ddE A= A3t 4 p
T AHEE dstolol g AetA HAATH(E 19).

o_>|: of

W AEAEA b
Uik W71 wrlest Al 5, Al A4S Brre] S HH o Alm (AR
W M7 Zedads s7bekE ARk (elolgteta Wl 5) Asid ot B sk

A B 7FeFA T
AdzA, A
Al, Bldlstel A= 2
A5 AR A3, ARz 265mmol/kg thH]), pH(HZE 6.8 thu]), 4A=27] (=
0.612um tjy]) 2 G (hF 12.65Brix thu) el v x]= G2 )z tjv] xfo]7F ¢l
04‘:]' 2, ﬂiﬂ A5 ZdaaZlHE AAE J7rst B9, 1do]l BAHA] Zaddol
Aol Ao, 8T w3t FE ofd Ao FHUty
%‘:}. Lq"j/]"\i, Aw A4S Brketr] Sl B2 or ZafrIHs) AAE AEFH H7HA
adaads S7hety AEFAdS 247 §le A= H7EE AT (G 21).

A ZEF7IHE AAE Al "ot
13}8+a Wsle] wx= ko] Q=

D e B

FK

2w #71EE Rbe el WAk Bl udr] A ele] w2 olgterA wstzAl

R WPS - CaClz.2H.0 &-3ll < (ddH20) 485 pHH 3} dlw
(2) A7t (g) g pH  (WPS+CaCly+ddH20)

o) = 50 20 400 6.7 6.7 WPS
H T 1 50 20 400 6.7 4.8 H] A 2
A2 1 50 20 400 6.7 4.8 d A g
H T 2 50 20 400 2.0 4.6 H] A 2
A2 2 50 20 400 2.0 4.6 d A g
BT 3 50 20 400 10 4.8 H] A 2
A2 3 50 20 400 10 4.8 d A g

- dAg 24 0 75T (308, 13)A g
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e e ArAAF 7P (DA =7 78T, 30+, 13])

(ppm) S 24 Az ®F P

o % 5,308 - - - - -

o524 vl w1 59,936 - +4 - - -
Hl W 2 55,630 - +4 - - -

vl w3 95,630 - +4 - - -

o % 9,936 - - - - -

39 % AT 1 107,000 - ++ - - -
A2 2 103,000 - ++ - - -

A8+ 3 61,000 - +4 - - -

E 19, WA W71 o1 E Zaad e Alaarbel mE ZEdad Heuld

AFEA LY e Al 2 AU 2 -7 Bl sk A A
R ZEe A7V (s AAZAR) H]
A7t IAZET A7 ZEe
(2) (mg/50ml) (2) (mg/0.5g)
S| 50 49.9 0 0 H| G A 2]
= 2 50 51.2 0 0 A=
v 1 50 49.9 0.5 2.65 v A 2
Hl T 2 50 51.2 0.5 2.65 AA g
EER! 50 49.9 0.5 4.97 v A 2
AT 2 50 51.2 0.5 4.97 A=
g+ 3 50 49.9 0.5 53.5 vl A g
AT 4 50 51.2 0.5 53.5 A=
A2 5 50 49.9 0.5 27.82 v A 2
AT 6 50 51.2 0.5 27.82 A=
AT 7 50 49.9 0.5 51.5 H] 4 A 2]
g 8 50 51.2 0.5 51.5 A A 7
A2 9 50 49.9 0.5 47.82 v A 2
28+ 10 50 51.2 0.5 47.82 A ]
AT 11 50 49.9 0.5 30.5 vl A g
AT 12 50 51.2 0.5 30.5 A=

-EAg =7 1 75T, 30, 13 A
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¥ 20, YA Y9G71A AN E(EEAAZR, Zag-Adol’ &) ASu HoE 9 A (/) A 72
4% 2 Ejo|glstd] WstdAgS st AR
. 2}z 52 Ak g 7rd A (AA =2 75T, 30%, 13]) |
AdHSG AFE o) /K H| 3l
(ppm) & (mmol/Kg pH Size (um) 25 (Brix)
0.612+
2T 1 8,507 255 6.4 12.65 H] %
HET 0.154 1952
0.608 =+
ZT 2 8,857 264 6.6 12.60 o %
=T 0.153 12
Hl w1 7,986 288 6.6 0-629= 13.51 H] A A g
" ’ ' 0.153 ' =
0.640+
Bl 2 8,127 288 6.6 13.57 A A2
0.151
0.643+
AT 1 11,000 247 6.6 12.87 H] A g
0.149
0.755=*
% 2 9,285 249 6.6 12.73 o %
EER 0.959 B
0.680=*
A8+ 3 10,130 253 6.7 12.88 H] A g
0.188
0.646+
X 4 9,284 256 6.8 12.86 o %
EER 0.147 B
0.646+
A2 5 10,290 248 6.8 12.88 H] A 2]
0.145
0.644+
A2 6 7,982 248 6.8 12.86 A A 2
0.141
0.626+
A 7 11,410 254 6.8 12.80 H] A g
0.142
0.624+
% 8 9,135 254 6.8 12.69 o %
EER 0.144 Bl
0.635=*
A2+ 9 11,520 244 6.6 12.86 H] A A g
0.146
0.683=*
* 10 10,880 244 6.7 12.68 A %
EER 0.939 B
0.647+
A8+ 11 13,050 252 6.8 12.78 H] A A g
0.163
0.694+
% 12 12,260 248 6.6 12.85 o %
EER 0.930 B
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Al 3 A Ca—WPSe| Al&4-84d H71

1 ATEH

2 A7 HHL dAd 9 A BE Ca-WPSAAIE FHE f71dst 71 el &3t
o] 714 wudel FHRNA oy AedFgel g2 47t Axd F AELEY H7)
g dEdor 948 ggow Frelt

F7be AR AxE dxd Alsed dste] ¢ Zedad 2AbE AAlsha, Yy
o= U BAF(ww) el ZERINHG AAZETERF FolRohE A7k F AHY
AFell =9 D9/ ==/018r4 MShRSS AT =M AFH L= Flsta A st
et

AR NAGHAR = widFdelA AakE FHETWPS) S AMEsHla, Aol

HES- 9 Y7 3 ZHe 93244 (CaCl2.2H20, g4bh & Folste] Algstgth AlG2A=
A+ AEFE Hi- (Fresh milk, 200mD) S F+Y38to] AFEsF o, A7 nAE =
ol 9 =95 yEsElY] 1AL S 9A o7 3L AHsrsEd o)E Hold 2y 97

3l Az o2y 22 Ald8TE 2A4EHAH
&, B 50gs A glol FAdxs
= Hf 50gS BF8ke] A8 (89T, 308, 13)F =4 AXAA AT
< 32 25g7 0.5g(CaCle.2H,0) & E&3tal o 7)o 24 A4 100gS 7t
1A 7HEeF wRE(120rpm) 3FaL ¥41%2] (10,000rpm, 15T, 15%) 348 AA 3}
Fom, FHEe thsto] 22 FATE AFE 53] W A H 29 & sA Az
|=]

w28 T 25¢3 5.5¢(CaCle.2H20) & &3k o 7o 23 A4 100gS A7}
LA T 1AIZE FF wHH(120rpm) 3Fa @42] (10,000rpm, 15T, 15%) 342 AA
st om, Azl dhste] 23 AGTE AHE 53] WS A A A = w2253

Hl 7 32 32 25g7 25g(CaCle.2H.0) & &F3skar o7]el 22k F A4 100ge H7}
LA T 1AIZE FF wHH(120rpm) 3Fa @42] (10,000rpm, 15T, 15%) 342 AA

stalom, Azl thato] 22 AAlFE AR 53] whE Al H 2] F s xql

AT 15 A 25g7 0.5g(CaCly.2H,0) & &3kl o} 7)o 23+ A 100gS #
7b A1 3 1AZF 9 wRk(120rpm) &FaL, A A2 (89T, 308, 13]) 342 A ETh
83, A48 (10,000rpm,15C,15) 3745 AASH o, Jd=ol thate] 24 Al
5 AHE 53] R Al H A F sdd sl

AT 2% AT 25g7 5.5¢(CaCly.2H.0) & &3kl o} 7)o 23 A 100gS #
7F A1 3 1AZF 9 wRk(120rpm) &FaL, A A2 (89T, 308, 13]) 342 A ETh
a8, 9458 (10,000rpm, 157C, 153) 3745 AAsH om, Fd=ol thato] 24 Al
5 AHE 53] R Al H A F szl

AT 3¢ AT 25g7 15g(CaCle.2H:0) & E33taL o1 7)o 22 A4 100gS 7}
SR T 1AIZE < wRH(120rpm) &FaL, AP (89T, 30%, 13) 385 A8kt 1
213, 942 (10,000rpm, 15C, 15%) 3785 AAston, A& thato] 2a FAl+&
AHE 53] RHS Al 2 2] 5 g4 x5kql
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AA ANBTE BAD AR ICPRA AFA§4 B7HE 99 A6 974280 2831
Lo, Af 50 Yl BAAZEY 1g0 82 EFet 2A0R AN FAL
|

AZEA LA F7HE 93 dAag 2L 89~90C (30E) oA 13]|xast= o= AA S

¢

AT Axzd ARARS] vuld #42 724 0% Cacl stgste] ICPEAS AA
Ul J7FSel dA A AW AR RS SRUAY] ®stEAl Jd e

o =4, Axws 9 pHeF AVHAER o7 Asto] HlwEA skt

S AERlS Qs 54772 SizeSH (um) S Lazer Paticle analysis (MODEL
SALD—-2001 (SHIMAZUA}, d)E L5542 Refractometer (Model ATAGO RX5000
a, Japan), A% 542 VAPRO5520(WESCOR Ak, w®l=), HAEZFAL VIBRO
Viscometer (Model SV-10, Japan) &  AFE-SF A1, pH ul EC SHL&
WM—-22EP (DKK-TOAAL, 4) 7|F& AREsiied SAYHES 7S A8 <
slto] A AT

AAADT) sAdAEA Al5e wgo|stst SAS TAtelen, #4dx § A5+ ICP
A W AR L) WE A E A 84 F kel ARE-eRslth

Al W Zg o)’ A dAAST w2103 Fuld ARE Al 50g tiv] 1g¥

J

ke AN AAe AFE PRl FAYL WLB btk Y Frhuistol
)
=

4. A}
7V 24 7 ek WE Ca-WPSW Zgdhi A4

AETE 2 Aoy aves Hriske] Rokdy, vdAY ARz DO ZEd
&S 1,136ppmelSi=dl, dAY AF(MxT 208 49 1,167ppm e E XA &
Al wE AlFo ZEEFF wgs Aozt gl

o
+¥% 25g WiB] ZES 0.5g, 5.5g 19l 15ge A3t A-folA BldA e AldT
o ZHdtfES sheldte] ®Hoktly 37,410ppm (Bl 1), 68,230ppm (Blw+- 2) 71
90ppm (M 7+ 3) 0. & YEMTE of7]eof Hlste] AA A= 57,240ppm (A 2+
D, 52,770ppm (Ag 7 2) 18la 7F w2 F%< 15g9 ZES ZeEold wbSAIHY
AT 39 A$+E 104,600ppm e E UERRTE ol FAEE 25¢(1 7)) vl Zold
WSS flsh ZHo R 16g(0.6 B, ©F LEHFT 49 EF F dAYA Hx
%% (160,000ppm 715) ™H] 65% (104,600ppm) 7+ A#o]&3} k= AL & ¢
Row, 7h AHsh E3tn| &)l Zow AdEITh

O

PAN)

o ZE 7 E g wE

SLERICEREED

olshet 4] HA %A

=
=74 Bl o3ty WEtE Wlawske] Bokth thEate] AR
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—

°] pHE= 6.60°14 6.68% F7FstdA FAlel AUl =259 dAAfo]= HESE 0.6149
A 0.694 pm= 123 HE B A Frbsks AEE B A A Aol wEEd
A Ee =Wl AslvE Ae A4S ¢ lTH(E D).

ol E 7V|Eo® ol3sty WElE #elste] HHY, ECHAl= AA A 0.519004 LA
g]5-el 0.522mS=Z F7Fei=H], ol T B TS FAE 9 Tk AdE B
o olg= Aol s wuld A Ol dojupiM o4 =do] FMuE F7HE=
o & WkE et

A o] w2 EZelolgtety 54 AEHE VIEoR nlarel At dyE v
wske] Btk 0.5g9 Zas Ad FrolA dAg dFel pH, EC, @& 3 475t
A

G

3o AFHA gkon), ALY FEsh YAplel =z Frlele ATE B
Zul A7MEe SR AT Aol EC, RSk Al EAE el i T
Zbebe AFS BYEd, BE ARE thh fgaste A%E Btk ojud A9E vu

9 Aol upet westel F745H
W, AR 2 vy AR Fol B¢ Adoly

By e
meh 2% W w59 pAAse] FAHOR HE of

9 Ao} At Bwl
3 HiA AskE I o]
frel Ao s gl

T} Ca—WPSH Al A|F2 84 H7Hd

Al 2z Ao’ A dA gy #2dx
HA7vele 2o A8 =S Fosidl=d, 44
o]—x{/ﬂo H]—rﬂﬂ-o}oq E%\]:]-

AdzA, ¢, Asl, HERga @ RS yehbA] kot oy Ze Zeo]| e Uﬂrﬁ‘r
Ca WPS | #] 7} L%ZLE HAgh vlgatol = st HAddde] dAldo= e

Fotix oie] f21EE A 7] A7 S @A ESET, ol ﬂ]%‘“ﬁ*&*li‘%‘
AgA #4247 3RS AYdetEEA AV sE AoRE ddEh w=sh, Al thH] pH,
EC, 278 B 2 A Wsle gle Zlor Ao HF /P Ca—WPSAAI= Al 4
SA3oA FATE Sl AoE AEH

FUIR ARE AF 50s ] 1g4
455 TRl T e st

o
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% 1L AEFE ZF F7HSAA AlFHE7F W DA mE Eeo]stshd] HslxAt
Eelolststd Qs (LERrEs LA->AS d7HET)
Ca g%
Al - Soluble ] ] ] ]
(=27 % ppm) pH EC . Osmolality] Viscosity Size
. Solides
(Temp, C) (mS) i (mmol/Kg)|  (cP) (ym)
(Brix, %)
hET 1 1,136+25 6.60(25.7) | 0.519 12.28 241 2.61 0.614% 0.162
?‘% HlWwT-1 37,410+ 2,606) 6.57(25.7) | 0.241 12.39 236 2.81 1.918+ 0.482
A
=
A Hl W 2 168,230+ 5,105 6.50(26.3) | 0.247 12.80 238 2.21 1.923+ 0.482
HlW-3 131,090+ 2,089 6.52(26.1) | 0.242 12.30 234 2.05 2.029+ 0.483
hET 2 1,167+11 | 6.68(23.7) | 0.522 12.85 248 2.66 0.694+ 0.230
?—3 A+ 1 |57,240+ 3,298| 6.56(25.7) | 0.240 12.44 239 2.23 2.070+ 0.493
A
= _
ko e T 2 |52,770+ 3,031| 6.15(25.8) | 0.256 12.53 242 2.19 1.875+ 0.484
AT 3 (104,600 4,804 6.42(25.9) | 0.259 12.24 243 2.12 1.823+ 0.480
E 2. ANEFE Z2E FUIHSAA A7 YW A mE kA FHorE
Ca St bR F7IA Y (7FE S AFdwst, 89T, 30, 13])
Al g+
Cedwsppn) | 3 K 73} 52 R
T 1 1,136£25 - - - -
Bl 1 | 37,410+ 2,606 ++ - - -
g A
Bl 2 | 68,230+ 5,105 ++ - - -
Hl T 3 | 31,090+ 2,089 ++ - - -
T 2 1,167+11 - - - -
28T 1 | 57,240+ 3,298 + - _ _
= Rg i Ren
2]~ 2 | 52,770+ 3,031 ++ - - -
2]~ 3 104,600+ 4,804 ++ - - -

_73_




Al 4 A Ca—WPSHEAYAA]| AH L=

1, 753

B oATM e Ae—f7E8H (Ca-WPS) 2 Ak 8l Aoy AT ArAsE
EdE2 2 f71E38E AA (Ca-WPS) HZF AN S P53k, o] A8s8h7] $8ke
32 AA o} 22F Al A E e Alzsk

>{l:1

2. ATFFALH (ZE—F71H3 AA JZFPAANAEH JHHE)
Ca—WPSH A tjZFB AT H A2 10942 A=At
L X A2AZRTA e FAFEQ FHN(TS @ 2%) £9S TS 30~327 ==35}9]

[e) [e)
o=

2 WAL, FHEAFAY AP TPRYNE AASE dAoln, ol /1A FHwN A
f) Zeloly W AHA NFAAWC NFRE ] 9 e ogsr] 9
3ol

718k 24 Aelold
gol7] Wil F2@ Aol & 5 AUtk
3 dAE FARHNE 2

Z#23}t 517] 913 Spray Dryings7gol™, oluw] 23} 2 A+
o] FAlel A= SAlolY. AdedS HTST(High Temperature Short
Time, 85T, 15%, 13]) A A" A &3}
4A= Ax 7&‘:‘“# ZAdgold WS 9% Z4 (CaCl.2H:0) & EFsts wAAH
oluf E3EE FHEL( 719 iy ZEAAE 0.61]&0] 23t}
5 Lol @AY, AATE 13
gL @ARId 1,000rpme]Zde] wwk
IAZFS WESAIZITE oluf H3x ZEZdo]dwF(85,000~100,000ppm) 2]

s 94 Adoly axE 2ujold F7H(85, OOO 100,000ppm) A|
71 Ca—WPSAIAI 2] dAsk(mvld &e] s etol = TYPE) & 58k @0t
of @AY TS dAEF e e Yl olstehA Wate] A ks b
&F7] wlell S AQl wAlol

7 SAE mRkEsh dodg 9 S0 (Ao AAE HS AlF Ao, ojuf ALE

= A AEIS NFA|AES ALLala, A4S AFgsle] 53 ukE A|"sko 24 n
WS 2 Bl o]2e AAskE Aot olu] ARE-E = HE = NanodE|ZA o2
0l s Baek 100~1,000M9 2 AT7]E 0.002umo]de] A= gujel 7o)
AAH AW 08l AALR orz ZEH7|Est AA BAA AHA AR
Q3

8etAl= w3 FAolty. ZER7IHE vt WA A= 1.8um7bA] A3 st
HASE &5t 0.2~0.6um7kA] # L35 FEsks @A ol

9 @A = AlF3Adolr HTST(High Temperature Short Time, 85C, 15%, 13]) A|~H

= A&8t ol ZAa-—w7IHst AA BE S1F A5V 1T oEA S

o 9ol A A F vk EF, ZE7IHS AA AATE dmoldEA $AlEeol =2
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1094l = AxF23} 74101131 175 coﬂﬁ Alﬂﬂ ZOOKg*‘E*PH]EE AZx3}

3. A3}&9l
HAst Za—f718st dFAMA A AL FA T el A RES v o] A X3t
o] Kottt

7b FAsERAEEE Ax

1 &4 ¢+ A4 AZ=Ax F BAtEe R3S T ol 35.1% (A
2.5%) A 1,100K (pH 6.06, A% 0.34) = 5FA|HA T}

2 @A : o]o]A] o]= &9 F R a7 (Tetra ParkAl, Tetra Centri® AirTight =)ol A
13 R348 AA s5FHAN ARALTE AATFEZA vl AAL7 8 (NFE
B & ¥47bs Size) AW EHF 0.9%2 AAY sH5FH NS AxsA T

3 ©A : olojA #A3F W HTST(High Temperature Short Time, 85T, 15%, 13])A]

B A3 Addyd (HYd a5 0 7.2x10°%cfu/m) S Y4B (ETF 1 0 cfu/mD 3

RS

49A ¢+ a9, dFAx(175C, 200Kg/hr) 38e AA HE AAY F¥EY 340Kg (7

T 2.6%, =AY 1 2%) & AxEA. AARA, FFF7 ﬂ]ﬂl AAY T
BArEE S 31% AT

. -7 B 3H(Ca—WPS) Al Al o A4k
H

1 &4 108 ¥H-&7)o] AxH {F-HEL(WPS) 500Kge CaCle.2H:0 200KgS 43 %
307 E3shskelvh
2 A EgtyAo] mHd o7 FAS 4,000KgS F7F FoId T ALz A
&QF wRkstE A &3 9y & Wy skl ot

5719 E5E 90~94TH AR S2A17 & T20] g5 = A

QF WAl o2 A Zg— 7] Hi 3t vheo S EAIZ T

4 EUﬂ -7l H 3 BheE o] FEEH NFAIAE S A 4 o] 2 U diol
AAsIR o™, NFAARS 343t Za-F7H3t A 108 AFEZE o]FA
T AT bes FATOoEA 1A AF Y gEekdlt. o] & 53] st
of ZHg 9 dao]=0] 100% AAE ZEa7H g AAE Az ATHACSA).

5¢tA Y ﬂ Zg 4 Aol AAFo] ¢uHAE AATE FVIE Folsto] T1HE 20%
ol Zrg—f7IH g A NS A xS

6tA - i”f-:]@r SHOEA, FAYRE 20%°] 2w F71HE A LA HVE FHAA A
ZpAFo] =71 0.2~0.6um7HA| A 3tE &5 313tk (Particle Lazer analyzer w49).

THA - A FAHo] dREHH HTSTAAHS 5% 85ToA 156x 152 FIA
A AdAds dusision, vidE HEA Y 2 R EHJATMAAEATH).

A AFgdol dr¥HY HF AxILUS ¥ AlsFsi=dl, 175TColA AlZHG
200Kg &= A3z sl

) NIO

0%

O

u!
> ”HN'



G459 ZE-R71H3 A= 100Kg A=, FAFH S o]

7h ZE—-17188HCa—WPS) AlAl A A A" $H == 19 1.9 2ok

R

Hiel =3l Uis UNZs 022 S0IZAAME) 05 015 e HTST HE HAE
42 yg He 94T, 302 e
} 23 . s HEE He 1] HTST sD =
w5t =11 [-H =8 o ] Al - It
3Py 2 B P e Pz [ NEEE e o PR P e P oax YRR
S00KRAYY BR+4E 5 000pmllY 85T, 30,
+200Kg¥s (2809,  (2dAMD)  200pm 13
2Baich) 4=78H =, 5
+ 23 L WPS(R 0~4%) BE
a9 1. ZE—-F71H3HCa—WPS) #AA] theEgAA A8 W 3%

. Ca—WPSHHAAA AE 28 AEFAANE 2 (F A H7h

45 AAY WPS tjv] Ca—WPSY Zr&#Zdold] a¥E Hlwste] Ry, WPSS
& 0] dHgEFo] 5,038ppmeo] =t Ca—WPSAH A= 87,828ppm .2 =4 veRyE o
ZF<5

%
v o] Aelely msst F7HHEA B7)%5719 P} Solg EH ELFAR Fbehg
ouh, Mg, K9 Nad @2 s, A%z AARCR A% Ao weksvh

31 E A AE A G Al xS Ca—WPS AAI Aelol" a3 (ZFAYAE Al A8 4 8)

ICP &3 23 (Mean=*SD., mg/Kg)
ART Hl 3
Ca P Cu Fe Mg | Mn K Na | Zn S
5,022 | 5,516 1,604 26,239|7,359 1,666 | A% 7% %r
WPS +¥167 | ¥136 | NP | ND "y ND |60t #7599 ND | 230" |wps
_ 87,828 | 16,524 19 | 276 02 | 246 | 158 4,380 | A5 4% AW
Ca—WPS +243 | +g2 | ND |47 | %5 | +0.08| ¥29 | £4 | ND | £97 e wps

— ND : Not—Detection

o Ca—-+7] B 3HA| Al ] SPEC.

1) A7 gl m A o] Al F

2) olul. o] & : FAF WA H FF T

3) pH : 6.06 (Ca—WPS % 1% (w/w) A5 AN 7oA 574)
4) A} Sise : 10~100 £ m(20~80 mesh)

5) ZHE35% (ppm) : 85,000~100,000ppm

6) =°]=(Cl") #<E%(ppm) : <0.01
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7) PAE AF(HTSTA A FAZAL): 99904
- F 5 24

- O A

gh g Ake] e AR Bt
1) a8 28% (Y8 WPS tjn])
2) Ca—WPS A7} 10,0009 /Kg (Y84 7]15)
— AEIA AR (2,0009/1Kg x 450Kg) +ZH5 (CaCly. 7H:0. 1,000€/Kg x 200K g)
3) Zr< 100mgdHr3 the] A A4l (Ca 100mgdHi/1.2g) : 11.209 /1.2gF
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A5 A I Ca-WPSAIA 9] Almsk (A g3k B Ay dH)

L E Ca-WPSE 9ET dlo] AFHE 9% A% 9 ALY AN A

ety AW AFort wE AH7 e AAY 21 ARAEN A7 B

3 et HES & PO so] AANS FH
A%

o1 gIatel, AREA AFAZANIEA, PAY W HAY PAALS Bf
Bl AFNLe] $e KNOW-HOWE 23] mgstn ol oblzalit (g AF4
Aol estel APH AATE PR

AEE gAY = ‘]gi/\i AAE> 14 (750mg/14) o2, I3 1¥(Stick %)
Z 2,000mgo.® At ojw] HVlE+= Ca—WPS(EZESH% @ 87,000ppm) 8] ZE
g AP 50mg, FEHF2 100mge] HEsE 1S Fostsivh (e 1)

AE Al Ul}% Z:Zﬂgi/ﬂ, AAEE AdelA 3=l ¢ hﬂLLﬁoﬂ"i TEE
ARst =015 Folstla, HHES M5 E &3 HFHE 7+ O}Oﬂgﬂi Sy
AFolA Eo] §olEE o= o ® Aohaith

AFGE AFS FF GHobFH AJA7HA dAg el A &o] Thsstes g fokd AlE
Ax7EoZ st AFEAEE AEsd (AR, 2010) 2 AFH7tes3d@E=2AEF 54
31,2007 o AE AERbe dAdste] HF dAT =S SRsith

2. 43

7 B8 f71Est ZEAA 2 A fr1Es 2EAEY dATE 1 2.9 2o

v AAY BrbddEA, ZAY 18 (750mg) ¥ HHE 12 (Stick) d Az 10~15
Aoz FAAFORE AFESIEA], EHAIFE ] H7behe et Arrdrtel nAE T
A= Aoz FrF HAh

Ca-WPS(Ca 84,955ppm) M EHE A, Ca 100mg/750mg,278 ) Y EHYES, cal00mg/1g)

O 1. oA A A G Al x2E Ca—WPSS o] & 0] &3 715743 Als
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e

24 §7 618 Ca—WPS) Al ] AR 9 @419 Y A9 (TYPE : 39 3)

o) qE 4e
20 Ca-WPS(ﬂ} u) 15TICK(E) Ca 100mg/2,000mg
HaH k]| mg DHE) | GEZ | sokg HIE(g) HENG AA
Ca-WPS 60.00 120000 1120 102 3000
ZPHAERR 26,00 52000 1300
I]E2= 1000 200.00 i 5.00
L T 2000 42000 ' 100
HPMC 2000 . 4000 100 :
o Size :<< 20mesh
| 10000 | 2,000.00 154 50.00
+5 | S0kg ASRIEAN 8425 :95% 53 HE(EHEM:23,750 stick/2g)

# 71 3HCa-WPS) Al A o] A3} gl e Alv] A (TYPE : FAR)

& ?HI“
H =
I Hla
. Ca 'WPS(J X") (B -
=l Ca 50mg,/750mg/2
Az B EHI mg K | BT | sokgAIZ(g) MEEE A
Ca-WPS 30,00 600.00 660 50 4000
gHdEEe A 8250 8250 550
EpHArERA 5.00 3750 i 250
bl HEMC 3.00 . 2250 ' 150
Oféhetrt 4 100 750 050
= H2E@E) T 1amAIZ 08em
il 100000 | 750.000 109 50.00 Sl OF
M 05em
att+8 | 50kgEIAA AA4E:05% +8 N2 EIAN+:63,3335)
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A6 A AAdte] mE JHF7HRJIH I ED)

1 B8R 2529 27 98
- B3 1 47188 26 Fagel e FuvAe) Ay
(¢¥H<E : 10-2009-0112661. 2009.11.20.)

- B8 2 BUBFAY GUE ANE fo98 2adE fena
(F99E : AWF : 2010.12.15. AY5 AL S Hen)

2. =% 0 A 27 (EAE 2x ¢45), FuEhs] 10 (FL F)

1) 71613 2 (Ca—WPS) Al A 75

7h 2 A7AE uUddo s AFgas|Al But ofdel, dRak] AwtelA dAs] QE= wl
AFA AFAAA vl 288 Flojng EFTES =RUREES A9 REARE HY
HES dxo® & 719l whbA, Axjel] o7 vlHFA eI S AAE AL

W BRI 85 $, =, 59, RuAAE, VRS ST AL S e ol
st 47 o A TF 2L UES & F glon, 5 =7 49 55 A, vid &8 H3A
A& A B g A9l

2) f7165F 24 A (Ca-WPS) 9] QHAA, A o] 84 8 7B}
D 1A AFAR R Bee) 437 AFIA TAE
— = #4838 Journal of AmericanCollege of Nutrition), Poster23 (2010.10.01)
— A& Bioavailability of novel organic calcium supplements by calcium—milk
chelation in growig rats.
W) 22k A7Ed - fU1H Zal aves AFCNA Zaoldd H7t
— AlAst3E W Journa; of American Societies For Experimental Biology. poster23%
(2011.04.A A A79)
— A& Efficacy of novel organic calcium supplements on the bone metabolism in
ovariectomized osteoporosis rat model
) G284 uss AFAEDAA FU1H ZER A7 Za o8 Ay sl
vzl = &23(2010.12.15. - gefsts)|®] Faeks)

FA¥} 257 (2011.02. HAF A5A4)
AHARLAN F718 ZERFAE 2 ol A2 Ve

|
(i
Md
£
ol B
o
)
i)
i)
okl
o{N
ol
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7} Zolok 8 HAWV| O AH AFHFS
tB] 50% TFo 2 YEtuth AHA] Za AFY FE2 A AV A sUEE o

Fa1, A7) obse FAN Aot A JFE Fol, AgAS W FEHE Zusin,
Ao wd7] FUEs MRS ST,
7 Ned AFoEZA AFET] s E A% delA F5&0] Folol s, UES F
FA4, A9H 2 wet A

19] 4y E58L8 25~30% o7 deA Jud),

| 7 vigrd s, ejvet AHad fAEe AH7t
0Fi, Zrer wAAFOE AEAD AFe JEETE Bol ARAVES
# HFAZ o] §H1 e S FE ¢ T/HES FO
& ;

o &S Yoy FaEo] Fo

Tk @AY JheEdlEQl  oligopeptidedt ZEo] ARdE 84 ZE FHA
CPP (casein phosphopeptide) 7} 28Ul 252 7H-stE SAA7|= 242 484 )
Ashmed&20 2 Zgao] ofniAity AeoldEl Zgo] AUl F42 o deold
ol 784 ZH7F Hol F7F ¥ $gte] Haskit

mebs ol s e vtPo®E fU7IH Zae Aol oist A7 7F H3q =] $kem, Cho
i2D& Ui Fetol=e) Zgo] AEoldd AR FSAZE Q1Y E8A49 S I & &%

ol 7714

&= At
wekA, A FES A7) 9 dA7 0T (Fes B AR FEst, FUH ZEa

(CaCl, CaCO3) diy] 7l Ca—WPSAHAZF Fet7] AFH Al A4, ANS-E, 23834 2 =

IS W X8 A vUSES HESIIA S

S (AEFH A HAF & =

4 A FRo®E FEste] fdAsloy, sty Sy W XN5an AP V| 2AnE &4

st sk
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2. a7 g 2 B

7F. A7) AAAA Ca—WPS AA L HEA 2 Ay

ye,
Jo
oo
oX,
ot

7F A8 1]

ok
al

(1) A% AAs FEALS

7+ olf3t 3FHe 7 3FH (Sprague Dawley rats, male, Orientbio Co. Ltd.,
Sungnam, Korea) 36vielE A¥ =& dAsHA st7] 98 15d3F 2oz A 5A171
<, 7 aho HAt Xﬂzo A stA o] eutg]A 6702 b dolufx] sFSI T

ZH5o AF o whel A 9 yFEFo R vra F9d wEbdE AT (CaCOs)
= UxT, ?‘od’?l’ a7 (CaCD # 718 ZE7(CaWPS) & AdF+ow HdASSHT
(Figure.l).

g o T=Q AolE 0.5%% 7|07, u4FS 1.5%% AAS AL A
o Aol 657 Fwekon, AdAolel A4= AFEoH (ad libitum) &= Fof33i
AP TE AFSA 842 2% , ASE 65E5%% FAEIGon, Heke 1247 F
7] (light; 6:00 a.m ~ 6:00 p.

AdFsEe]l Y% AbFe e A4
Animal Care and Use Committee ; IACUC) 2 ¢!

g
il
NS
i
o

(2) @4 o]

A% Aol V|EAH R AIN-93G FAlAo] Hes msir(
[Normal Ca:0.5%, High Ca: 1.5%]2% wrlvh A 2lelol 243t Q19 shakel] Z4
9le] HIES 1:2 ~ 2:19 WHoUe] 552 AT 2459 FY9o2 CaCOs(Samchun
Chemical Co. Ltd., Phyungtaek. Korea), T7AdAF ZH5 (Junsei Chemical Co. Ltd., Japan)
< olgstdeHd, f7lH ZHEAs WY §9 T2 3A(Maeil Diary Industry Co. Ltd.,,
Phyungtaek, Korea) 9|4 A|g-wto} A3ef o] &atqitt. 78] ZHEAel A Tz 43%,
A 22%, 2 8%, A 4% 5= TSI AT °lE IAR EE AETY didy A
A=

ke

>,

o

. =
oy
o
o
-
> ¥
MN

o] geFo]l dAstes: =33t MkE F718 Zg BHEAL Adio] 4 wuda
Zrgol deloldE o] o] 7 @il FdEs A WAl 28 FAEHHA (WPDE 8o
T Sl S 20%% e, AW geoEE V| U @A & {7 H &
" HF FAWE (Maeil Diary Industry Co.

BsAel e AW s adste] 1 A

Ltd., Phyungtaek, Korea) & 7}t & Ao &aFo] 7%7F HE=sqlth. & f 2]
o] marker®A PEG(polyethylene glycol 4,000, Samchun Chemical Co. Ltd.,
Phyungtaek, Korea) & A& 20| 2ol LA}
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N—CaCOs
N—CaCl
N—CaWP5
H—CaCOs
H—CaEl
H—-CaWPS5
A A
Start 6 wks
(Sacrifice)
N— CaCOs: H—- CaCOs:

0.5% Ca, CaCO:g

1.5% Ca, CaCO:g

N-CaCl:
0.5% Ca, Calcium Citrate

H-CaClI:
1.5% Ca, Calcium Citrate

N-CaWPS:
0.5% Ca, Calcium chelated with
Whey Protein

H-CaWPS:
1.5% Ca, Calcium chelated with
Whey Protein

Figure 1. Outline of experimental design( Expt.1)
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Table 1. Composition of experimental diets (Exp.1l) (g/kg diet)

Normal Ca (0.5%) HighCa (1.5%)
ngredient N-CaCO;”  N-CaCl N-CaWps” H-CaCO;  H-CaCl ~ H-CaWPS

Cornstarch 490.7 479.3 481.3 445.9 411.9 417.7
WPI 200 200 173.1 200 200 119.4
Sucrose 100 100 100 100 100 100
Soybean oil 56.2 56.2 56.3 28.7 28.7 28.7
Unsalted butter 13.8 13.8 - 41.3 41.3 -
fiber 50.0 50.0 50.0 50.0 50.0 50.0
Min.mix.” (Ca free) 35.0 35.0 35.0 35.0 35.0 35.0
Vit.mix.” 10.0 10.0 10.0 10.0 10.0 10.0
Calcium Source” 12.5 23.8 62.5 37.5 71.5 187.5
KH2PO4 6.3 6.3 6.3 26.1 26.1 26.1
L—cysteine 3.0 3.0 3.0 3.0 3.0 3.0
Choline bitarate 2.5 2.5 2.5 2.5 2.5 2.5
TBHQ 0.008 0.008 0.008 0.008 0.008 0.008
PEG 20.0 20.0 20.0 20.0 20.0 20.0

U Experimental diets in Expt. 1 were prepared according to AIN—93G composition.

? Mineral mix (Ca free) : AIN—93G—MX.

» Vitamin mix @ AIN—93-VX.

Y Calcium source : CaCOs , Calcium Citrate and Calcium chelated with Whey protein

¥ N—CaCOs : Normal Ca diet (0.5%), CaCOs; ; N—CaCl: Normal Ca diet (0.5%),
Calcium Citrate; N—CaWPS: Normal Ca diet (0.5%), Calcium chelated with Whey
Protein; H—CaCO3 : High Ca diet (1.5%), CaCOs; ; H—CaCl: High Ca diet (1.5%),
Calcium Citrate; H—CaWPS: High Ca diet (1.5%), Calcium chelated with Whey
Protein.

® CaWPS : Calcium chelated with Whey Protein. It contains protein 43%, fat 22%,

calcium 8% and phosphorus 4% etc.
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(3) ANEgTH

3 YAIZ17] A skERE A4 5 (overnight—fasting), Aol F 1S s 7] Ys&iM 1
AZE 30 F<t thA ’\1013 FoI8k o 2ol AF F5 1A1ZF F 0.1% Zoletil (Virbac.,
Carros, France) & FAH0.04ml/100 B.W) 2 vl sle] Alg5& AFHSAY. 459
ol dAe A sl 4C°ﬂ/\1 HASAT7E, 3,000 rpmellA 2087 42 (Inverter
union 5KR, Hanil Co., Korea)sto] €32 #Egstglorn, &4 A7tA] —70TelA Hsd
o "o AF 3 FF A, vAE A Eeke] AUl FAE] e X]HLO]L} :L%T% 7
Zol AAG & W AYANES5(0.9% NaCl €M) 2 AFste] dAe A
=718 Wi AAdEew 357—% FAE SR FF dEHES 31%} g
= =5, AW, dd = AAG v FAL dolg = = =
] A A FATE Aol FHsilon, FHE &

e
flo
w

b 8% 5 e 9 AVle A% 574

gl 9] jlkaline Phosphatase (ALP), glutamaic oxaloacetic transaminase (GOT), glutamic
pyruvic transaminase (GPT), T—bilirubin, blood urea nitrogen (BUN), Creatinine % uric
acidi= A 417 (Fully Automated Dry Chemistry System; SPOTCHEM; Daiichi
Kagaku Co., Tokyo, Japan) & ©|£3}o =743} t}.

) 8H Fo ddx g =54
g3 T F dd 48w Ca %2 N4 7] (Fully Automated Dry Chemistry
System; SPOTCHEM; Daiichi Kagaku Co., Tokyo, Japan) & AF&3te] =733t}

(th g4 s A4 &= 54

g3 o FX2 B5E+ Frings and Dunn23 8 W OS2 Spectrophotometer (Beckman
DU-530, California, USA) 2 540nmelA v A=t 4 A, T dAHE
HDL-Z¥Y AH =2 5%+ &4AA9F kit(Asan Phamaceutical,, Hwaseong, Korea)ZE o] &
stol HAeA Y. 83 FAAAYY F%+ 550nm, T AHEY HDL-ZHAHEY 5%
+ 500nm@ll A Spectrophotometer (Beckman DU—-530, California, USA)Z 540nmel A H]
A g &kl

H =9 FE% Folch2dh 2] WHo g FZ3F % AL isopropanol]
f3iA171 &= &4 A9k kit(Asan Phamaceutical., Hwaseong, Korea)Z 01%3}01
Spectrophotometer (Beckman DU-530, California, USA)Z SAXWI F ZFdAHES
ZtzF 550nm, 500nmellA vl =Fetgiey E¥e & AW Fe HDL-ZH2HE, & :—;Eﬂ
AHES sEE P 245 o8 A A Wl Fsto] SA skt
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(b 24T Ze, <, vtadls 9 2 % 57

kA A, tiE, .59 Z4, QL viadle 9 Zee] §S 7 24& 600TC 3stR
A A2 IEA v, AEA AlETE A AR AA o] Ed - tpA] 3AIZF F<t
3lsleto] A2 3 6N HClE N ez §afstdlrt o] &5 2% LaCly - 7TH,O & 3] 3o
A 253333 = A (Automic absorption spectrophotometer ; GBC 904AA, California, USA)
2 ZrES 422.7nmellA, vk2dlES 202.6nm, &S 248.3nm8 FFeA SASIST
o AA = Zwe AT ok, =Ed AaRS o] &g F7]<l 54 kit(Bio Clinical
system Corporation., Anyang, Korea) & AF-g-3}o] )% 650nm el 4]
Spectrophotometer (Beckman DU—-530, California, USA)% B|AMAZHEFsI ), E& 397
TA 71Axst, 1A THFS ST F, AIEE 600CY FstRAA I3AA AL FJES =4
I Fde Yo r SHY @ ntavlegs JIAEEETF - IR ol &3 aiokE
o] €3}o] 660nmellA4] Spectrophotometer (Beckman DU—-530, California, USA) % H] A4
Foldth AZFHIY FA 0 ol&d BEe AT 10% AAHE Nl E3kvrt 3k gol&
Toll 33] o] Ato] ARE-SFSitt.

b dE= gy 574
gEZFo ¥ materials—testing machine (Zwick Z010; Zwick GmbH, Ulm,
Germany) & ©]8€3}9], 3545 %= 1m/min, A A2 (span) & 13.98m= =743} t}.

(5) TAEH

A& A= SPSS 17.0(Statistical Package for Social Science, SPSS Inc., Chicago, IL,
USA) S o] g3sle] A3 EF2 3 (meantSE) 2 AAsF T + 7He] =Fol= P<K0.05 5
ol ANOVA test ¥ Duncan's multiple range testel &l 7538}t

U 03T 22 dFA Ca—WPSAIA S Hd4d D SAUA vA = £337F [2E2]
(1) A% AAs FEALS

Zb ol Hat AlFo]l 243g 8FHE A dF (Sprague—Dawley female rats:
Orient—Bio Co. Ltd., Sungnam, Korea) 357}2]E dadAlEE AA&Th 4570 2 4
A=A ZAus gdoxm eitzdgo] 3 AZ520](0.1%, CaCO3) & wolste] =t
T 2ES AFe & 7]+ Low Ca—CaCO;3(L4—CaCOy) 2 3| A AT
71 °o]% Low Ca—CaCO3(L8-CaCO3) <= WxvC%, Low Ca—Calcium chelated with
Whey Protein(L8—CaWPS), Normal Ca—Calcium chelated with Whey Protein
(N8—CaWPS), High Ca—Calcium chelated with Whey Protein(H8—CaWPS)& A& o
2 AAste] 4570 Ad 2olE © Fwskth(Figure 2).

Ay olgl A4 AHraoi (ad libitum) &2 Fojstlal, Adess AHFAE $HE =25

22127C, HAUlsE 656E5%%E FASRCH, ek 1247k F7](light; 6:00 a.m~6:00
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p.m) E FA3}H T}
AdsEe 7YY AFFe BeE A2 Asddn =488 9198 (Institutional Animal

Care and Use Committee ; IACUC) Q] %<1 w1 yf4o upa} 283549}

LB8—CaCQg,
L8—CaWPS5
L4—CaCQg4
N8—CaWPSs
HE—CaWPSs
A & A
Start 4 wks 8 wks
(Ovariectomy) (Sacrifice of L4—CaCOs; ) (Al SacEifies)
L4—CaCOs3; 0.5% Ca, CaCO3 , 4wks
L8—CaCO3; 1.5% Ca, CaCO3 , 8wks

L8—CaWPS | 0.5% Ca, Calcium chelated with Whey Protein, 8wks

N8—CaWPS | 0.5% Ca, Calcium chelated with Whey Protein, 8wks

H8—CaWPS | 1.5% Ca, Calcium chelated with Whey Protein, 8wks

Figure 2. Outline of experimental design (Exp.2)
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(2) @40l

Aglo] ALg®E 2o]i= AIN-93G HHS wE AAA o] (semi—furified diet) & ZFA| 32
y|

o, Aol 2AEE £ 20 AAsIH. AolFe] Za T2 2ol FA9 0.1%, 0.5%,
1.5%T+o = stlal, AddAole] Zrg3t Q19 ghake] Zw3 Q19 HlE&S 1:2 ~ 2:19] § ¢
el S5 =483

247 98 AL F718 EE(AIN-93G-MX) 2 AH A xsto] ALgslg o, ZH49]
FY0 2 CaCOs(Samchun Chemical Co. Ltd., Phyungtaek. Korea) ¥ 718 Z&A= vj
o 59 F23AF(Maeil Diary Industry Co. Ltd., Phyungtaek, Korea) oA #|3-1to} A&

T8 ZEAe] AL @A 43%, AW 22%, TE 8%, Q 4% 5= Egstal itk o]
s AR B AT am Ay Ao geo]l dAst s skl
A 718 Ao]o] dwlz F9e casein(Maeil Diary Industry Co. Ltd., Phyungtaek
2] 5] )

Korea)olw, & A2 0] i_L%‘E% @ﬂﬂ% 71 H ZarRsAe] ded s a1y
dlo] &= ol g o] sheko]

A geogE VE T oAy ‘?:L ] TI‘7]F/H 1/3\” BEAe shrd A ﬂ%‘c% A=
o] - A Hkel AW E (Maeil Diary Industry Co. Ltd., Phyungtaek, Korea) &

o T Age ol 77k HESF st
(3) ANEg+3

YA T 7] A N A2 B (overnight—fasting), 0.1% Zoletil(Virbac, Carros, France)
2 5 F4H0.04ml/100g B.W) 2 mhFste] A8 AF AT Aol dis AHF
gto]l 4TCoA HASA Y7, 3,000rpmoll A 2077 9488 (Inverter union 5KR, Hanil
Co., Korea)dto] 84S ekl on, 4 A7A —70TCoA Rpetsich g A3 & 1
S A, vFS A Eete] V)l FAE Sl Aoy E5E o] AAS & I A
F/]"] AT(0.9% NaCl &M 2 AFsto] Aa AAT thx ARAZE E7E F AAHF O

AzA FAE FQ00 4E UEHE, 2FF1L2-1L4)2 FEs & 2y 9l &
5, A, Omi FAES B5 AAG o FAe dols A5tk BE Alsv w4
%mxl coﬂﬁ BT F2 447 A T Atk A oH, FHE B F
e %Xéf& F 70Tl w3

b 8% 5 e 9 AVle A% 574

ol 9] jlkaline Phosphatase (ALP), glutamaic oxaloacetic transaminase (GOT), glutamic
pyruvic transaminase (GPT), T—bilirubin, blood urea nitrogen (BUN), Creatinine % uric
acide @ NAs 4 7] (Fully Automated Dry Chemistry System; SPOTCHEM; Daiichi
Kagaku Co., Tokyo, Japan) & ©|&3}o =743} t}.
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) 8H Fo dox g 54
g3 T F dfd 48w Ca %2 N4 7] (Fully Automated Dry Chemistry
System; SPOTCHEM; Daiichi Kagaku Co., Tokyo, Japan) & AF&3e] =738} t}.

(th 24 Z4, <, vtadls 9 24 3% 573
b, A v, E, 959 2, <l vl 9 2 2=
= <, oAl 3AIZE &<
33kt A2 3Ee 6N HCIEA o2 Fafsi3ith o] 45 2% LaCly - 7TH.0 = 31438}
HAAE3433 = A (Automic absorption spectrophotometer ; GBC 904AA, California, USA)
2 ZFES 422.7nmellA, vtdlES 202.6nm, S 248.3nm8 IFeA SAsISTE
o AAE = Zwe AT ok, =Bd AaRS o] &g F7]1<1 54 kit(Bio Clinical
system Corporation., Anyang, Korea) & AF-g-3}o] 3% 650nm el A
Spectrophotometer (Beckman DU-530, California, USA)=Z H]AAZsIt)h, +2 4437
T4 AZxsH, A FHFHS 54 F, Al5E 600TCY 3stzA 3FAA A2 3Es =4
I FL3 o r FAHAT. dAHY viadlagS JAEEEF-THE o] g3 ghAe
o] 83l 660nmell A4 Spectrophotometer (Beckman DU—-530, California, USA)Z #H
Fotith A BTFHT EA o] &H B 2AVIF = 10% FARE el @ittt 33 "ol
Toll 33] o] Ato] ARE-SFSitt

O

>

) gy gy 574
gEZFe 332> materials—testing machine (Zwick Z010; Zwick GmbH, Ulm,
Germany) & ©]8€3}9], 3545 %= 1m/min, A A8 (span) & 13.98m= =743} t}.

(5) TAEH

A& A= SPSS 17.0(Statistical Package for Social Science, SPSS Inc., Chicago, IL,
USA) S o] &35t Hd3 ¥+ 22 (mean®=SE) 2 AT 457 &AM &Y 87 &AM
T B2 P<O.05FFNA T—test® BX3ta, 854 ZaEgdy 5o wE
k9] Apol+= P<0.05 oA ANOVA test # Duncan's multiple range testel]l 2J8] 7=
=
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Table 2. Composition of experimental diets (Exp.2) (g/kg)

Low Ca Normal High
Ingredient (0.1%) Ca (0.5%) Ca (1.5%)
L4—CaC0O3®  L8-CaCO; L8-CaWPS” N8—-CaWPS H8-CaWPS
Cornstarch 520.0 520.0 515.21 486.05 434.61
Casein 200 200 194.6 173.1 119.4
Sucrose 100 100 100 100 100
Soybean oil 28.7 28.7 31.5 42.5 28.7
Unsalted butter 41.3 41.3 38.5 27.5 -
fiber 50.0 50.0 50.0 50.0 50.0
Min.mix.? (Ca,P free) 35.0 35.0 35.0 35.0 35.0
Vit.mix.” 10.0 10.0 10.0 10.0 10.0
Calcium Source” 2.5 2.5 12.5 62.5 187.5
KH2PO,4 6.98 6.98 7.15 7.81 29.25
L—cysteine 3.0 3.0 3.0 3.0 3.0
Choline Bitarate 2.5 2.5 2.5 2.5 2.5
TBHQ 0.008 0.008 0.008 0.008 0.008

iy}

2)

3)

4)

5)

6)

Experimental diets were prepared according to AIN—93G composition.

Mineral mix (Ca, P free) : AIN-93G—MX.

Vitamin mix @ AIN—-93—-VX.

Calcium source @ CaCOs and CaWPS : Calcium chelated with Whey Protein.
L4—CaCOs: Low Ca diet for 4 weeks, CaCO; (0.1%); L8—-CaCOs: Low Ca diet
(0.1%) for 8 weeks; L8—CaWPS: Low Ca diet for 4 weeks, CaCOs (0.1%)+Low
Ca chelated with Whey Protein for 4 weeks; N8—CaWPS: Low Ca diet for 4
weeks, CaCOs; (0.1%)+Normal Ca chelated with Whey protein for 4 weeks;
H8—-CaWPS: Low Ca diet for 4 weeks, CaCO3 (0.1%)+High Ca chelated with Whey
protein.

CaWPS: Calcium chelated with Whey Protein. It contains protein 43%, fat 22%,

calcium 8% and phosphorus 4% etc.
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3. A+2=

7} A7) AFHNA Ca—WPS AA Q) ¢HaA U A

=

ok

o)
F 2§84

o
N
N
>
)
=

(1) A&l v 9F
b AFF7F AolAdHF H Holag

718 ZgAdFel wE TS/ Figure 3, Aold3%d % Aola&s Table 3 AA
=

O 718 Zg div] 5718 Z5A (Ca—WPS) 9] otdA A7 A3, f71d ZaAs A4
F718) Zrgell vlaLste] bd/do] 1 =it

@ F71H Z uin] f71H ZEAY dd HUhE HE TS Vo vuste] 2 4
B, 2T (N-CaCOz 715) ] A% % N-CaClH e S 4.8%7 4891 0k, N-CaWPS
A e 2ol A ekgkth gEy 1ZETe B E T ( H-CaCO0s) & 6.3%, T-AAZ
T (MH-CaCl) 7.9% 183 718 ZE(H-CaWPS)2 3.2%=% 714 A2 ASsHL &3
£ B3t

@ FEMEEAY HH AR D AFF

Aol RHE W Aol mgel ANw, BALH
F(N-CaCOy) 7 vliste] Al AATAN Aol de A ehokeh. web] §716) ZHA
A I AR 44 5ol $AAA dRe nAA = Qow ARHY,
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Figure 3. Body weight changes of the rats fed experimental diet for 6 weeks
Values are mean®SE of 6 rats per group. N—CaCOjs; : Normal Ca diet (0.5%), CaCO
3 ; N—CaCIl: Normal Ca diet (0.5%), Calcium Citrate; N—CaWPS: Normal Ca diet

(0.5%), Calcium chelated with Milk Protein; H—CaCOs3; :

High Ca diet (1.5%), CaCO

3 ; H—CaCIl: High Ca diet (1.5%), Calcium Citrate; H-CaWPS: High Ca diet (1.5%),
Calcium chelated with Milk Protein. NS : Not significantly different among groups.
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Table 3. Body weight, food intake and food efficiency ratio (FER) of the rats fed

experimental diet for 6 weeks

Initial Final Daily food Daily FER'
Groups” body weight body weight intake Weight FUWE)
(2) (2) (g/d) gain (g/d)
Normal Ca
N—CaCOs 109.3£2,2V9% 373.3+6.5™  18.7£0.5"°  6.3%£0.2"°  2.97%0.04"
N—CaCl 108.8+2.8 361.6+11.9 18.8+0.6 6.0£0.3 3.14+0.07
N—-CaWPS 108.9+1.8 373.6%8.5 19.0+0.4 6.3%0.2 3.02+0.05
High Ca
H—-CaCOs; 109.7+1.5" 355.4+13.3%  19.9+0.8" 59%0.3%  3.42+0.06”*
H—CaCI 109.7+1.3 352.6+8.7 20.3+0.7 5.8%0.2 3.50£0.07*
H—CaWP$S 108.1+2.1 364.8+13.6 19.4%0.4 6.1%0.3 3.18+0.06"

D Values are mean®™SE of 6 rats per group.

? Values within the same column with different letters are significantly different at

p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.
Y See Table 1.
TFER (Food efficiency ratio): Food intake (g)/weight gain(g)
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W 271 FA

3t A= Table 4ol #1438+

A A% ZadtollA Fed oz sl on, 100g AFlow
2o sl welk fFol Al Aol 7t itk aZdETeM e A LET
Ao A k] FASE AlsE FAE Faston, 58] gAbdETolA

1
o7 7

@ A7 FAe 2w 59 2 AFseed "k fFoAAd 2oz gldk v A=

FrsolAe dabdado]l AR 3%, aZEToAAE gdel uE xolE
o]x] OI—O]—]:]_.
@ 100g AT vHZe FA= e wdd FFo wE 2polE HolA &ttt webA
71 Al M FIIH 2 BEAlS] BFo] sabdgoly skt A3 &
o] & HOlA| Qrobr AA A Ao TR FdFS 7NAA = Aom AZEY

Table 4. Weight in liver, kidneys and spleen of the rats fed experimental diet for 6

weeks
Liver Kidneys Spleen
4) Wet wt/ Wet wt/ Wet wt/
GYOUDS Wet weight Wet weight Wet weight
@ 100g BW (@ 100g BW @ 100g BW
# (g/100gBW) # (g/100gBW) “ (g/100g BW)
Normal Ca

N—-CaCOs 15.33%0.26"%* 4.08+0.10"™ 2.86+0.10% 0.77+0.02™  0.75£0.03*  0.20£0.01™

N—-CaCl 13.27+0.58" 3.66=0.09 2.73+0.13  0.76+0.03  0.65%£0.03">  0.18%0.01
N-CaWPS  15.25%0.41° 4.04%0.17 2.95+0.11 0.78%+0.03  0.68+0.02®  0.18%0.01
High Ca
H-CaCOs3 10.42%0.33" 2.94+0.08"  2.74%+0.13% 0.77+0.02" 0.60£0.05"° 0.17+0.01"°

H-CaCl 12.50%0.44° 3.54%0.06° 2.66+0.13  0.76+0.03  0.63=0.05 0.18%0.01

H-CaWPS 12.73£0.46" 3.46%+0.11° 3.00%£0.13 0.81£0.04 0.66%=0.04 0.18%0.01

Y Values are meantSE of 6 rats per group.

? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 1.
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(2) Y HEo v 4F

h 839 Z4, <, vladlEe FE 9D ALP 24
Ag o] Fojo wE A Z4, o ¥ vtadlEe FE2 Z¥YE Table 5, ALPEAYS
Figure 4°l #|A| &}t

O A4 % 1ZF Aol {7y ZEwe 8% %
Holx] ook, Lol AWML (7.2~12.6 mg/de) Hiel
&5 (N=CaWPS) 2> t& F718 Z&7d 94
(H-CaWPS)2 H—-CaCli#°| Hvl3] 94
FrE EA7E Aol g8 ¥
@ A9 A9 TEE ZE wde wE Aole Aoy, fU1H nZETe] F Q9] F

7} EVebeE AES Btk oly3k 9 &

SRR T
wl A A fle
e

P Lo

45 AFH 7Y o Ak

JvlEe] sE7F ST AdoA uZdETe] abdETS AL f71H ZET

TFAATANE ZE AFAVE =9E E7eta, €3 Jl vtadlEe] sEe ANEET Y

2AY F713 A5 B g R+ (N-CaWPS) oin] uZ4 59 #71H3 247
7] A

o

(H-CaWPS) dH9 <, vtadlg 5% F7F= Ca—WPSAHA| AxA Aoy 7]
T3 G52 o7]o muld (P, Mg) S =& seg Zyold wg 1
o7 #uy ot

@ =4 I AR ARSEE ALP 242 ZeAd a0l wet gk edy vaste] &
IR ZETeld FH o WolRn A Zaes AFE ol ve az2es AR LolA
ALP &7do] solxl= AEe H3lrh & s 22 w59 Zaes A s 29
el o3t FFom FUIH Audo] 'AZETel vlsl ALP FAIZF A 0w Hol,

? W 3718 2ol A4

F71E Zro] F/19Q WAZgRT AU 24 JE7t FEFS WA
A7) Wl oAkl wok 2HHe JFe F
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Table 5. The concentration of Ca, P, Mg and ALP activities in serum of the rats fed

experimental diets for 6 weeks

Groups? Ca p Mg ALPT
(mg/de) (mg/de) (mg/de) (Iu/ )
Normal Ca
N—-CaCOs 12.4£0.2%° 7.5+0.1% 3.1+0.1" 455.5+11.1°%
N—CaClI 12.4+0.2 7.6%0.2 3.1%0.1 363.4%15.8
N—-CaWPS 12.1+0.2 7.4%0.1 3.2%0.1 399.4%16.3°
High Ca
H-CaCOs 12.2+0.17" 8.2+0.2" 2.6+0.1° 440.0%20.4°
H—CaCl 10.740.3° 7.9%0.1 4.4+0.0° 337.6+8.4"
H-CaWPS 11.8+0.1° 8.4+0.1 3.3%0.1° 373.4£19.1°

Y Values are meantSE of 6 rats per group.

? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 1.
TALP : Alkaline phosphatase
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Figure 4. Alkaline phosphatase(ALP) activity in serum of the rats fed experimental
diet for 6 weeks

Values are means of 6 rats per group. N—CaCOs : Normal Ca diet (0.5%), CaCOs ;
N—CaCI: Normal Ca diet (0.5%), Calcium Citrate; N—CaWPS: Normal Ca diet (0.5%),
Calcium chelated with Whey Protein; H—CaCOs; : High Ca diet (1.5%), CaCOs; ;
H—-CaCIl: High Ca diet (1.5%), Calcium Citrate; H—CaWPS: High Ca diet (1.5%),
Calcium chelated with Whey Protein. Bars with different letters are significantly
different at p<0.05.
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(W) 7715 9A %

Aol Fojof mE e AX(LEHT, I F did 9 F UFEHEE) ] ®shs
Table 69, GOT$ GPTY &4 Fig 5, 6 Ztz} A|A] kit

O dAH°] GOT A2 A4 ZErolAds 24 vdol o4& F27< Zol= gloley, 1
ZaroAe F718 Zavo] sMbdErEn foAow Wkt GOTw AR Al o
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Table 6. The effect of organic Ca on parameters of liver function in serum
rats fed experimental diets for 6 weeks

Groups” Got' GPT Albumin T—protein T— bilirubin
(Iy/ ¢) (/s e) (g/ ) (g/d0) (mg/de)
Normal Ca
N—-CaCO;  198.2+7.8V9"  34,1+2.8%* 3.4%0.1" 5.7+0.1" 0.70+0.10"
N—CaCl 172.3+9.8 30.8+1.6™ 3.3%0.1 5.7%0.2 0.45%0.03
N-CaWPS 186.8+7.8 27.1+1.0° 3.3%0.1 6.0£0.1 0.57%0.09
High Ca
H—CaCO3 163.36.0° 31.9+1.1° 3.4%0.1" 5.9+0.2° 0.57+0.08"
H—CaCI 126.2+9.0° 26.9+0.5" 3.2%0.1 6.2%0.1% 0.42%0.03"
H-CaWPS  133.9+5.7° 23.8+0.3° 3.3%0.1 6.5+0.1° 0.40%0.00

Y Values are mean®™SE of 6 rats per group

of the

? Values within the same column with different letters are significantly different at

p<0.05 by Duncan’ s multiple range test.

P NS : Not significantly different among groups.
Y See Table 1.

T GOT : Glutamic oxaloacetic tranaminase

GPT : Glutamic pyruvic transminase
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Figure 5. Glutamic oxaloacetic transaminase(GOT) activity in serum of rats fed
experimental diet for 6 weeks

Values are means of 6 rats per group. N—CaCOs : Normal Ca diet (0.5%), CaCOs; ;
N—CaCI: Normal Ca diet (0.5%), Calcium Citrate; N—CaWPS: Normal Ca diet (0.5%),
Calcium chelated with Whey Protein; H—CaCOs; : High Ca diet (1.5%), CaCOs; ;
H-CaCIl: High Ca diet (1.5%), Calcium Citrate; H—CaWPS: High Ca diet (1.5%),
Calcium chelated with Whey Protein. Bars with different letters are significantly

different at p<0.05. NS : not significantly different among groups.
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Figure 6. Glutamic pyruvic transminase(GPT) activity in serum of rats fed
experimental diet for 6 weeks

Values are means of 6 rats per group. N—CaCOs : Normal Ca diet (0.5%), CaCOs ;
N—CaCI: Normal Ca diet (0.5%), Calcium Citrate; N—CaWPS: Normal Ca diet (0.5%),
Calcium chelated with Whey Protein; H—CaCOs; : High Ca diet (1.5%), CaCOs; ;
H—-CaCIl: High Ca diet (1.5%), Calcium Citrate; H—CaWPS: High Ca diet (1.5%),
Calcium chelated with Whey Protein. Bars with different letters are significantly
different at p<0.05.
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Table 7. The effect of organic Ca on parameters of kidney function in serum of

the rats fed experimental diets for 6 weeks

Groups® BUN Creatinine Uric acid
(mg/de) (mg/de) (mg/de)
Normal Ca
N—-CaCOs 14.6+1.6%° 0.9£0.19% 2.840.1%
N—CaClI 19.7+0.7° 0.8%0.0 2.310.3
N-CaWPS 17.3£0.7% 0.8£0.0 2.4+0.2
High Ca
H—CaCOs 21.7%0.7° 0.9%0.0™ 2.4%0.2
H—CaClI 18.1+0.7° 0.8£0.0 2.2+0.2%
H—CaWPS 20.2%0.5 0.8%0.0 1.8+0.2°

Y Values are mean®SE of 6 rats per group

? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 1.
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Table 8. The concentration of serum total lipid, triglyceride, total cholesterol and
HDL cholesterol in rats fed experimental diets for 6 weeks

Total HDL
0 Total lipid Triglyceride
Groups cholesterol Cholesterol
(mg/de) (mg/de)
(mg/d¢) (mg/de)
Normal Ca
N—-CaCOs 284.9+20.4VNS 121.2+6.3° 54.7+2.6™ 27.5+1.1%
N-CaCI 313.2+5.5 91.9+4.5" 51.6+5.7 26.1+1.6
N-CaWPS 302.2+10.8 104.7+7.4% 51.0t4.8 27.011.0
High Ca
H-—CaCOs4 361.6+18.0° 91.0+3.5° 50.0+3.7° 25.8+0.5%
H—-CaClI 347.3114.4 116.6+7.6* 54.8+1.7%® 23.9+1.1°
H—CaWPS 440.9+13.5 108.9+3.7° 64.0£3.7° 28.7+1.7°

Y Values are meantSE of 6 rats per group.

? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 1.
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Table 9. The contents of total lipid, triglyceride and total cholesterol in liver of rats

fed experimental diets for 6 weeks

Groups4) Total lipid Triglyceride Total cholesterol
(mg/g) (mg/g) (mg/g)
Normal Ca
N—CaCOs 215.0+7.377° 14.3%£0.59" 4.7+0.3"
N—CaCI 189.2+7.5" 12.8+1.4 4.7+0.2
N—-CaWPS 231.0£9.0° 14.7+2.0 5.5%0.4
High Ca
H—-CaCO3 175.3%£2.7° 10.0£0.7% 2.840.2°
H-CaCl 166.3+3.8 9.0%1.8 3.7£0.4
H-CaWPS 189.0+2.9° 11.2+0.7 3.7%0.1°

Y Values are meantSE of 6 rats per group.

? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 1.
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Table 10. Fecal excretion of total lipid, triglyceride and total cholesterol in rats fed

experimental diets for 6 weeks

Groups4) dry weight Total lipid Triglyceride Total cholesterol
(g/d) (mg/d) (mg/d) (mg/d)
Normal Ca
N—-CaCOs3 2.5%£0.19™ 454.0+24 4™ 11.44+0.5%¢ 5.810.3"
N—-CaCI 2.7*0.2 507.7T25.7 9.8+£0.5° 4.7+0.3°
N-CaWPS 2.6T0.1 463.0t28.9 7.5%0.8" 3.56*+0.1°
High Ca
H—-CaCOs 2.9%0.1° 442.4+11.4° 9.4+0.8"° 3.5+0.1°
H-CaClI 3.7*+0.1° 573.8120.5" 9.1+0.6 3.3%+0.1°
H-CaWPS 3.3+0.1° 522.8+10.8" 8.81T0.6 4.2+0.3°

U Values are mean®™SE of 6 rats per group.
? Values within the same column with different letters are significantly different at

p<0.05 by Duncan’ s multiple range test.
P NS : Not significantly different among groups.
D See Table 1.
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Table 11. Fecal lipid excretion and apparent lipid absorption in rats fed experimental

diets for 6 weeks

o Fecal lipid Apparent Apparent
& Lipid intake . . . 5)
Groups (me/d) excretion absorption absorption’
mg
(mg/d) (mg/d) (%)

Normal Ca
N—CaCO4 1911.9+59.0988 454.0£24.455 1457.9+47.4N5 76.3+1.0%8
N—CaCl 1897.0+60.2 507.7+25.7 1389.3+66.7 73.1t1.6
N—CaWPS 1948.7+51.8 463.0+28.9 1485.5+41.4 76.3+t1.3

High Ca

H-CaCO4 1918.0+44.8%° 442.4+11.4° 1475.6+41.6%° 76.9+0.6
H-CaCl 2061.1+t42.8° 586.2+23.1° 1475.0+61.6 71.5+1.6°
H-CaWPS 1899.6+32.4° 522.8+£10.8° 1401.9£37.3 72.8%+0.8"

Y Values are meantSE of 6 rats per group.
? Values within the same column with different letters are significantly different at

p<0.05 by Duncan’ s multiple range test.
¥ NS : Not significantly different among groups.
Y Apparent absorption(mg) = Intake (mg) — Fecal excretion(mg)
® Apparent absorption rate (%)=[Apparent absorption(mg)/ Intake (mg)] X100

9 See Table 1.
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Table 12. Daily Ca intake, fecal Ca excretion, daily and apparent Ca absorption of
rats fed experimental diet for 6 weeks
. Fecal Ca Apparent Apparent
Groups Ca intake excretion absorption absorption rate
(me/d) (mg/d) (mg/d) (%)
Normal Ca
N—CaCOs 94.9+2.7VINS 63.7+3.1° 31.7+3.57° 33.4+2.2
N—CaCI 94.2+3.1 52.5+1.3% 40.3+2.5" 41.2+3.0%
N—-CaWPS 94.3*2.5 50.8+4.2 42.5+t2.4° 44,5+2.9°
High Ca
H—-CaCO; 292.2+12.9™ 185.0+8.4° 108.9+3.5" 36.3+2.4°
H—CaClI 303.9+10.9 200.6+9.8" 107.1+4.4° 36.0+2.1°
H-CaWPS 301.7*13.6 156.3+£2.5 134.0£3.7% 44.6+1.9°
Y Values are meantSE of 6 rats per group
? Values within the same column with different letters are significantly different at

p<0.05 by Duncan’
Y NS : Not significantly different among groups
- 107 -

Y See Table 1.



Pt b e a
¥ 45 a
g 43 I I b b !
o b
5 35 i
= 30
?. 25 4
- 4
£ 20
§ 151
B 10 -
s
Lo

D A

CaCO; CaCl CaWPs CaC0s CaCl CaWPs

Mormal Ca High Ca

Figure 7. Ca absorption rate of rats fed experimental diet for 6 weeks

Values are means of 6 rats per group. N—CaCOs : Normal Ca diet (0.5%), CaCOs; ;
N—CaCI: Normal Ca diet (0.5%), Calcium Citrate; N—CaWPS: Normal Ca diet (0.5%),
Calcium chelated with Whey Protein; H—CaCOs; : High Ca diet (1.5%), CaCOs; ;
H—-CaCIl: High Ca diet (1.5%), Calcium Citrate; H—CaWPS: High Ca diet (1.5%),
Calcium chelated with Whey Protein. Bars with different letters are significantly
different at p<0.05.
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Table 13. Daily P intake, fecal P excretion, daily and apparent P absorption of rats

fed experimental diet for 6 weeks

. . Apparent Apparent
0 P intake Fecal P excretion . .
Groups (me/d) (me/d) absorption absorption rate
mg mg
(mg/d) (%)
Normal Ca
N—CaCO; 56.0t 1.6V 10.2+0.3% 45.8+1.6M 81.8+0.7"
N—CaCl 56.5+1.9 95+1.1 47.0*1.6 83.3t1.6
N—-CaWPS 57.0t1.3 9.9+1.2 47.1+1.2 82.7+t1.9
High Ca
H—CaCOs 149.6+6.3M 29.1+2.6M 120.5+6.6M 80.4+1.8M8
H-CaCl 152.0t5.4 37.2+55 114.8+7.9 78.8+t1.8
H-CaWPS 145.6+3.3 40.9+2.9 104.8+4.8 75.9+t1.9

Y Values are meantSE of 6 rats per group.
? Values within the same column with different letters are significantly different at

p<0.05 by Duncan’ s multiple range test.
¥ NS : Not significantly different among groups.
D See Table 1.
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Figure 8. Femur wet weight of rats fed experimental diet for 6 weeks

Values are means of 6 rats per group. N—CaCOs : Normal Ca diet (0.5%), CaCOs ;
N—CaCI: Normal Ca diet (0.5%), Calcium Citrate; N—CaWPS: Normal Ca diet (0.5%),
Calcium chelated with Whey Protein; H—CaCOs; : High Ca diet (1.5%), CaCOs ;
H—CaCl: High Ca diet (1.5%), Calcium Citrate; H—CaWPS: High Ca diet (1.5%),
Calcium chelated with Whey Protein. Bars with different letters are significantly

different at p<0.05. NS : not significantly different among groups.
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Table 14. Weight, length and breaking force in femurs of rats fed experimental diet
for 6 weeks

Lt Wet wt/ + Breaking
0 Wet weight + length +
Groups (me) 100g BW ( ) force
mg mm
(mg/100g BW) (kg)
Normal Ca
N—CaCO3 979.2+17.2V905 262.1+t5.7% 36.8+0.3%° 15.6+t0.5™
N—CaCl 972.9+15.3 268.319.5 36.2+0.6 15.310.5
N—CaWPSs 980.3*+16.1 265.4+7.7 36.7+0.3 16.010.3
High Ca
H—CaCOs; 978.1+12.09% 277.6+6.4%° 36.8+0.2M 15.8+0.4%°
H—-CaClI 956.1+17.1° 273.8+3.7 36.3+0.4 15.4+0.4
H—-CaWPSs 1010.5+16.8° 279.5%6.8 37.0+0.2 16.5+0.6

Y Values are meantSE of 6 rats per group.

? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 1.

T: Average values of both femurs.
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Table 15. Ash, Ca, P, Mg and Fe contents in both femurs of rats fed experimental

diet for 6 weeks

Groups4) Ash’ Ca' p' Mg’ Fe'
(mg/g wet wt) (mg/g wet wt) (mg/g wet wt) (mg/g wet wt) (ug/g wet wt)
Normal Ca
N—CaCO; 374.4+55"9% 917213 50.7£0.8" 2.4%0.0" 59.2+2.8"
N—CaCl 385.9%7.7 92.7%4.7 48.0%2.5 2.3%0.1 57.1%25
N—-CaWPS 385.7+6.4 92.6%1.0 48.1%1.3 2.4+01 58.4%3.6
High Ca
H—-CaCO; 387.1+5.4" 98.2+1.6™  51.2+£1.2" 2.0+0.1%° 47.4+2.5"
H—CaCl 395.1+11.0 99.9%3.2 49.3%2.4 2.1%0.1 50.1%2.0
H—CaWP$S 387.6%4.2 100.2+2.8 50.1£1.0 2.1%0.0 53.7%1.3

Y Values are meantSE of 6 rats per group.

? Values within the same column with different letters are significantly different at

p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.
Y See Table 1.

T Average values of both femurs.
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Table 16. Ash, Ca, P, Mg and Fe contents in liver of rats fed experimental diet for

6 weeks

Ca P Mg Fe
(ug/g dry wt) (mg/g dry wt) (ug/g dry wt) (ug/g dry wt)

Ash
(mg/g dry wt)

4
Groups )

Normal Ca

334.9+7.6™
315.3+18.2

355.6+16.1

8.0£0.3" 584.8+24.1°
667.3+19.0°
594.7+24.7°

287.3£11.39™

39.8+1.5V%®

N—-CaCOs

7.7%0.4
7.0+0.3

281.9+10.5
248.0+£16.2

43.4%1.9°

36.4+1.1°

N-CaClI
N-CaWPS

High Ca

232.6+12.7°
321.1+t11.1°
303.6+16.4°

8.7£0.3" 682.3*£22.6"

388.7+13.4°
317.2+12.6°
308.7+7.4°

39.2+1.9M

H—-CaCOs

556.6£9.6°

8.41+0.3"

41.5%1.0
41.7+1.5

H-CaCl
H-CaWPS

635.5£9.7"

7.8£0.2°

Y Values are meantSE of 6 rats per group.

? Values within the same column with different letters are significantly different at

p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 1.
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Figure 9. Ca content in liver of rats fed experimental diet for 6 weeks

Values are means of 6 rats per group. N—CaCOs : Normal Ca diet (0.5%), CaCOs ;
N—CaCI: Normal Ca diet (0.5%), Calcium Citrate; N—=CaWPS: Normal Ca diet (0.5%),
Calcium chelated with Whey Protein; H—CaCOs; : High Ca diet (1.5%), CaCOs ;
H—CaCl: High Ca diet (1.5%), Calcium Citrate; H-CaWPS: High Ca diet (1.5%),
Calcium chelated with Whey Protein. Bars with different letters are significantly

different at p<0.05. NS : Not significantly different among groups.
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Figure 10. Ca content in kidney of rats fed experimental diet for 6 weeks

Values are means of 6 rats per group. N—CaCOgs : Normal Ca diet (0.5%), CaCOs ;
N—CaCI: Normal Ca diet (0.5%), Calcium Citrate; N—CaWPS: Normal Ca diet (0.5%),
Calcium chelated with Whey Protein; H—CaCOs; : High Ca diet (1.5%), CaCOs ;
H—-CaCl: High Ca diet (1.5%), Calcium Citrate; H-—CaWPS: High Ca diet (1.5%),
Calcium chelated with Whey Protein. Bars with different letters are significantly
different at p<0.05.
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Table 17. Ash, Ca, P, Mg and Fe contents in kidney of rats fed experimental diet
for 6 weeks.

Groups” Ash Ca P Mg Fe
(mg/g wet wt) (ug/g wet wt) (mg/g wet wt) (ug/g wet wt) (ug/g wet wt)
Normal Ca
N—-CaCO;  14.4+0.5"9™ 131.6+11.6%° 2.1+0.1% 156.4+6.5°  213.5+19.2°
N-CaClI 13.3£0.4 86.6+3.2 2.1+0.0 126.0+3.3" 115.9+6.0°
N—CaWPS 13.1+0.7 96.7%5.8" 2.3%0.1 146.5+2.8° 185.8+9.3°
High Ca
H—CaCO; 13.4+0.3" 92.6+4.0° 2.1+0.1" 117.7+1.2%  114.6+4.6"
H—-CaCI 14.3%0.5% 65.5+8.1" 1.9%0.1 123.4+4.0 131.7+5.3
H—CaWPS 15.2+0.5° 90.8+5.6" 2.1%0.0 121.2+3.1 129.1+6.0

Y Values are meantSE of 6 rats per group.

? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 1.
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Table 18. Ash, Ca, P, Mg and Fe contents in spleen of rats fed experimental diet for

6 weeks
Groups” Ash Ca P Mg Fe
(mg/g wet wt) (ug/g wet wt) (mg/g wet wt) (ug/g wet wt) (ug/g wet wt)
Normal Ca
N-CaCO;  29.0+1.1"" 79.1%5.8" 2.6%0.0" 154.8+3.1° 191.5+4.1°
N—CaCl 33.8+1.4° 107.8+4.3° 2.8+0.1° 133.7+5.0° 229.7+7.2°
N-CaWPS 31.2+1.3* 111.0£5.8 2.6+0.1° 144.743.3" 170.8+7.2°
High Ca
H-CaCOs 26.1+£1.2° 138.2+13.4" 2.7+0.1% 114.2+3.8 170.4%6.4°
H—-CaCI 26.5+0.9" 137.3+7.3 2.7+0.1 127.9+2.7°  189.9%£12.0%
H—CaWPS 30.9%1.1° 158.9+13.1 2.8%0.1 138.0+3.4° 212.4+5.9°

Y Values are meantSE of 6 rats per group.

? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 1.
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Figure 11. Ca content in spleen of rats fed experimental diet for 6 weeks

Values are means of 6 rats per group. N—CaCOgs : Normal Ca diet (0.5%), CaCOs ;
N—CaCI: Normal Ca diet (0.5%), Calcium Citrate; N—=CaWPS: Normal Ca diet (0.5%),
Calcium chelated with Whey Protein; H—CaCOs; : High Ca diet (1.5%), CaCOs ;
H—CaCl: High Ca diet (1.5%), Calcium Citrate; H-CaWPS: High Ca diet (1.5%),
Calcium chelated with Whey Protein. Bars with different letters are significantly

different at p<0.05. NS : Not significantly different among groups.
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Table 19. Body weight, food intake and weight gain of osteoporotic rats fed
experimental diet for 4 weeks

G 0 Initial body Final body Daily food Daily Weight
roups

P weight (g) T weight (g) intake (g/d) gain (g/d)
L4—CaCO;  242.7+4 8V 317.1+t4.1° 16.8 0.4 2.7+0.2°
L8—CaCOs3 243.2+t5 7% 362.4+8.4™ 16.4+0.39" 2.1%+0.1°
L8—-CaWPS 243.1%+5.8 368.1*£4.9 17.8£0.3% 2.6+0.2°
N8—-CaWPS 243.1*5.6 371.5*x10.3 18.0£0.4% 3.1£0.1°
H8—-CaWPS 243.4%7.1 3725*12.1 18.3£0.3% 3.1£0.2°

Y Values are mean = SE of 7 rats per group.
? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’ s multiple range test.
P NS : Not significantly different among groups.
Y See Table 2.
* 1 P<0.05 significant difference between L4—CaCO3 and L8—CaCO3 by t—test.

. measured at 8 weeks.

- 120 -



o) 220.00

o

—

'ﬁ;. 310.00 = * —=L4—CaC0s:

.E 200.00 = LE_CECO;

B — %= N8—-CaWPs

_%-\ 290.00 ==k=-H3-CaWP5

m: 230.00 —A— 1 3-CaWP5
270.00

nnnnn

D D+5 D+12 D+19 D+E2b D+28 D+30 D+42 D+48 D+0D

Figure 12. Body weight changes of the osteoporotic rats fed experimental diet

for 4 weeks

Values are mean of 7 rats per group. L4—CaCOs: Low Ca diet for 4 weeks, CaCOs
(0.1%); L8—CaCOs: Low Ca diet (0.1%) for 8 weeks; L8—CaWPS: Low Ca diet for 4
weeks, CaCOs; (0.1%)+Low Ca chelated with Whey Protein for 4 weeks;
N8—CaWPS: Low Ca diet for 4 weeks, CaCOs; (0.1%)+Normal Ca chelated with
Whey protein for 4 weeks; H8—-CaWPS: Low Ca diet for 4 weeks, CaCOs
(0.1%)+High Ca chelated with Whey protein. NS : Not significantly different all
groups except L4—CaCOs.
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Table 20. The concentration of Ca, P, Mg and ALP activity in serum of the
osteoporotic rats fed experimental diets for 4 weeks

G b Ca P Mg ALPT
roups

P (mg/de) (mg/de) (mg/de) aqu/ e)
L4—CaCOs 12.3+0.1Y98 7.5+t0.2N 2.2+0.1% 189.3+13.2
.8—CaCOs 12.4+0.2%2 7.5+0.3 2.2+0.1" 198.8+8.1°
L.8—CaWPS 12.2+0.1% 7.9%0.3° 2.2+0.0 141.3+4.4°
N8—CaWPS 12.0+0.2% 8.3+0.4% 2.47+0.1 126.7£15.0°
H8—CaWPS 11.7+0.2° 9.0+0.3" 2.110.1 147.8+12.9°

Y Values are mean *+ SE of 7 rats per group.

? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 2.

* 1 P<0.05 significant difference between L4—CaCQOs; and L8—CaCOs by t—test.” ALP

. alkaline phosphatase
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Figure 13. Alkaline phosphatase (ALP) in serum of osteoporotic rats fed
experimental diet for 4 weeks

Values are means of 7 rats per group. L4—CaCOs: Low Ca diet for 4 weeks, CaCOs
(0.1%); L8—CaCOs: Low Ca diet (0.1%) for 8 weeks; L8—CaWPS: Low Ca diet for 4
weeks, CaCOs (0.1%)+Low Ca chelated with Whey Protein for 4 weeks;
N8—CaWPS: Low Ca diet for 4 weeks, CaCOs; (0.1%)+Normal Ca chelated with
Whey protein for 4 weeks; H8—-CaWPS: Low Ca diet for 4 weeks, CaCOs
(0.1%) +High Ca chelated with Whey protein. NS : Not significantly different between
L4—CaC0O3 and L8—CaCOs.
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Table 21. The effect of organic Ca on parameters of liver function in serum of
osteoporotic rats fed experimental diets for 4 weeks

Groups“ GOTT GPT Albumin T—protein T —bilirubin
(/s e) (Iu/ ¢ ) (g/ ) (g/de) (mg/de)

L4—-CaCO;  108.5%7.1°  27.8£2.6V9% 3.6+0.1" 6.7+0.1N 0.64+0.02%

L8—CaCO;  142.5+50%  31.0£2.0" 3.6+0.1" 6.9+0.1° 0.66+0.05"°

L8—-CaWPS  138.2+7.1 35.3%8.2 3.7%0.1 6.7£0.1%" 0.63%0.04

N8—CaWPS  136.3%1.7 27.0%2.6 3.60.1 6.6+0.1° 0.73%+0.03

H8—CaWPS  140.5+4.6 40.4%6.1 3.7£0.0 6.6+0.0" 0.61%0.05

Y Values are mean *+ SE of 7 rats per group.

? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 2.

* 1 P<0.05 significant difference between L4—CaCO3 and L8—CaCO3 by t—test.

T GOT : Glutamic oxaloacetic tranaminase
GPT : Glutamic pyruvic transminase
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Table 22. The effect of organic Ca on parameters of kidney function in serum of
osteoporotic rats fed experimental diets for 4 weeks

" BUN Creatinine Uric acid
Groups
(mg/de) (mg/de) (mg/de)

LL.4—CaCOs 14.0+0.4° 0.80+0.00° 2.2+0.0°
.8—CaCOs 15.7£0.5° 1.08£0.03% 2.4+0.1°
L8—CaWPS 12.3+0.5" 1.01+0.05® 2.1t0.1°
N8—CaWPS 12.3+0.6" 0.87+0.04¢ 2.1*t0.1°
H8—CaWPS 12.4+0.2° 0.90*0.03" 1.8+0.1¢

Y Values are mean + SE of 7 rats per group.

? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 2.

" 1 P<0.05 significant difference between L4—CaCOs; and L8 —CaCO3 by t—test.
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Table 23. Daily Ca intake, fecal Ca excretion, daily and apparent Ca absorption of

osteoporotic rats fed experimental diet for 4 weeks

) Fecal Ca Apparent Apparent
" Ca intake . . .
Groups (ma/d) excretion absorption absorption rate
m

. (mg/d) (mg/d) (%)
L4—CaCOs;  16.4%£0.5V9% 4.3+0.6" 12.7£0.4" 74.9+3.4°
L8—CaCOs 16.4+0.3%¢ 9.6+0.6° 6.71+0.4° 42.7+t2.6°
L8—CaWPS 18.3£0.6° 8.4%£0.5° 10.7£0.8°¢ 58.1+2.7¢%
N8—CaWPS 88.4%£2.4° 42.4+1.4° 51.0£2.0° 54.5%1.4°
H8—-CaWPS 275.5+210.0° 173.0+13.3° 102.4+2.6% 37.7t0.9"

Y Values are mean *+ SE of 7 rats per group.

? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 2.

" 1 P<0.05 significant difference between L4—CaCOs; and L8 —CaCO3 by t—test.
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Figure 14. Ca absorption and Ca absorption rate of osteoporotic rats fed
experimental diet for 4 weeks

Values are means of 7 rats per group. L4—CaCO3: Low Ca diet for 4 weeks, CaCOs
(0.1%); L8—CaCOs: Low Ca diet (0.1%) for 8 weeks; L8—CaWPS: Low Ca diet for 4
weeks, CaCOs; (0.1%)+Low Ca chelated with Whey Protein for 4 weeks;
N8—CaWPS: Low Ca diet for 4 weeks, CaCOs; (0.1%)+Normal Ca chelated with
Whey protein for 4 weeks; H8—-CaWPS: Low Ca diet for 4 weeks, CaCOs
(0.1%)+High Ca chelated with Whey protein. Bars with different letters are
significantly different at p<0.05. * : P<0.05 significant difference between L4—CaCOs3
and L8—CaCOs.
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Table 24. Daily P intake, fecal P excretion, daily and apparent P absorption of
osteoporotic rats fed experimental diet for 4 weeks

P intak Fecal P Apparent Apparent
in
Groups4) ( /ad)e excretion absorption absorption rate

mg

(mg/d) (mg/d) (%)

L4—CaCOs 49.240.277M 155+1.4 34.6+1.3 74.3+1.3
L8—CaCOs 49.3+0.9%° 10.3£0.2° 38.9%0.6° 78.9+1.3°
L8—CaWPS 53.3%+0.8" 9.2%£0.3° 45.4+1.0° 83.3*0.9°
N8—CaWPS 53.1£0.9" 23.4%0.6° 28.7£1.4° 53.1£1.8¢
H8—-CaWPS 134.0£3.6% 71.4£1.67 60.3+£2.2% 44.4+0.9¢

D Values are mean = SE of 7 rats per group.

? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 2.

" 1 P<0.05 significant difference between L4—CaCOs; and L8 —CaCO3 by t—test.
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Table 25.

experimental diet for 4 weeks

Weight, length and breaking force in femurs of osteoporotic rats fed of

Wet wt/

Groups4) Wet (\Qflzi)ghtT (mlg(}(l)%oBgV\gW) le(rélgr%T Breaki(nkgg)forceT
L4-CaCOs 808.0£22.3V9N8 254.8+5.8 35.6+0.3° 11.3£0.3%
L8—CaCOs 839.1+£19.5™ 223.6+2.4" 37.2+0.3" 11.1+0.3%°
L8—CaWPS 839.6+24.7 222.0%6.4 36.9%0.4 11.7+0.3"
N8—CaWPS 856.9%+18.2 232.2%10.1 37.1+0.3 12.5+0.2°
H8—CaWPS 907.0%+25.3 243.8%3.6 37.3%£0.2 12.7+0.2°

Y Values are mean *+ SE of 7 rats per group.

? Values within the same column with different letters are significantly different at

p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 2.

* : P<0.05significant difference between L4—CaCO3; and L8—CaCO3 by t—test.

+

. Average values of both femurs
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Figure 15. Breaking force in femurs of osteoporotic rats fed experimental diet for 4
weeks

Values are means of 7 rats per group. L4—CaCOs: Low Ca diet for 4 weeks, CaCOs
(0.1%); L8—CaCOs: Low Ca diet (0.1%) for 8 weeks; L8—CaWPS: Low Ca diet for 4
weeks, CaCOs (0.1%)+Low Ca chelated with Whey Protein for 4 weeks;
N8—CaWPS: Low Ca diet for 4 weeks, CaCOs; (0.1%)+Normal Ca chelated with
Whey protein for 4 weeks; H8—-CaWPS: Low Ca diet for 4 weeks, CaCOs
(0.1%) +High Ca chelated with Whey protein. NS : Not significantly different between
L4—-CaCO3 and L8—CaCOs. LR Average values of both femurs
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Table 26. Ash, Ca, P, Mg and Fe contents in femurs of osteoporotic rats fed
experimental diet for 4 weeks

Groups” Asht Ca P Mg Fe
(mg/g wet wt) (mg/g wet wt) (mg/g wet wt) (mg/g wet wt) (ug/g wet wt)
L4—CaCOs 395.0+5.3VINS 119.3+1.8% 54.4+2.1N 3.1+0.1% 123.7+2.1%
L8—CaCOs4 410.9+6.17" 122.2+1.6M 58.4+1.6° 3.0+0.1" 116.4+3.1°
L8—CaWPS 418.5+8.5% 127.5+3.3 53.8*1.6" 2.9%0.1 108.0+3.4%
N8—CaWPS 437.1%7.2° 126.8+2.6 51.5*1.6" 3.0£0.0 109.9+3.0%
H8—CaWPS 422.2+5.4% 131.3+5.4 52.8+1.7° 2.840.1 104.7+2.9

1

Values are mean £ SE of 7 rats per group.

Values within the same column with different letters are significantly different at p<0.05 by
. Duncan’ s multiple range test.
" NS : Not significantly different among groups.
Y See Table 2.
* 1 P<0.05 significant difference between L4—CaCOs; and L8—CaCOs3 by t—test.

. Average values of both femurs.

- 134 -



9 o)

A

Figure

As

M

NJo

M

b o,

S

Table 27 AA|

R =y

dojel it

]l 7
=~

16, 100g Az Q=2 4

o] Ha® ZoR Y o= F7IH Z

oo, AZ% Aold §7g

o BAL feHow

S0 Aol AR

| 932 79k Kim

gl

ol
;OO

jpage]

ﬁ
N

of met EE FoFl A7t gl3le

U fu
AL
;OO
5o N

9]
I
5

F

E3 7
==
5

'ZH

PN
T
°] 100g A
R 2EA AR FHE5E 100 AFY 25T

A
H

2~

e
=
=

’

2=
@

.

B3

ol
;Lmo

7
NJo

A=

9]

stol i 259

o 4HA7t 57

¢
N

ol

NJo

oy
;Lmo

ilf

3

7] 8

o]

2

|

Sl Z
=ty 5o

ot

]

AHAA 2.7%~4.9%2 do] o] dolwttt. T8 <

=
=

71e) 2 A

[e)
T

| f71e el 43

= =
:—_"O

A,

S

ol B8

- 135 -



1200 -

a a
% ab w
L 1100 -
B
b
; ‘{
T Y | b
e g 1000 ¥14-CaCO,
2 I 1.8—CaC0s
z 'LE§-CaWP$
s 'N8—CaWP5
“HE-CaWPS
300 -

Figure 16. Wet weight in lumbar (L2—L4) of osteoporotic rats fed experimental diet
for 4 weeks

Values are means of 7 rats per group. L4—CaCO3: Low Ca diet for 4 weeks, CaCOs
(0.1%); L8—CaCOs: Low Ca diet (0.1%) for 8 weeks; L8—CaWPS: Low Ca diet for 4
weeks, CaCOs (0.1%)+Low Ca chelated with Whey Protein for 4 weeks;
N8—CaWPS: Low Ca diet for 4 weeks, CaCOs; (0.1%)+Normal Ca chelated with
Whey protein for 4 weeks; H8—-CaWPS: Low Ca diet for 4 weeks, CaCOs
(0.1%)+High Ca chelated with Whey protein. Bars with different letters are
significantly different at p<0.05. * : P<0.05 significant difference between L4—CaCOs
and L8—CaCOs3,
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Table 27. Weight and length in lumbar(L2—14) of osteoporotic rats fed experimental
diet for 4 weeks

Wet wt

0 Wet WeightT W /f lengthT

Groups (me) 100g BW ( )

m mim

£ (mg/100g BW)

L4—CaCOs 1078.0+11.5"" 332.2+5.1° 24.1+0.1"
L8—CaCOs 959.3+26.6%° 273.5+8.28° 22.6+0.5M
LL.8—CaWPS 1061.3+37.1%° 280.8+5.8 23.2+0.3
N8—CaWPS 1088.8+44.7° 283.1+11.7 23.710.4
H8—CaWPS 1093.3+38.8° 293.6+5.3 23.6*0.5

Y Values are mean = SE of 7 rats per group.

? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’ s multiple range test.

¥ NS : Not significantly different among groups.

Y See Table 2.

" 1 P<0.05 significant difference between L4—CaCOs; and L8 —CaCO3 by t—test.

T: Values measured from 2 to 4 of lumbar.
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Table 28. Ash, Ca, P, Mg and Fe contents in lumbar (L2-L1L4) of osteoporotic rats

fed experimental diet for 4 weeks

Mg Fe
(mg/g wet wt) (ug/g wet wt)

P
(mg/g wet wt)

Ca
(mg/g wet wt)

Ash
(mg/g wet wt)
262.4+3.4"

4)

Groups

97.1+7.8"

1.62+0.04™
1.61£0.04"

1.65%0.04"

32.1+0.8™

69.8 1.5

L4—-CaCOs

99.4+5.1%

71.7+5.4%" 32.1+1.7%

265.8+5.1%°

L8—CaCOs

95.4*2.6
95.3£3.9
91.0£5.0

33.1%0.6
34.6x0.9
35.3%1.0

75.4+2.7%

272.3*6.8

L8—-CaWPS
N8—-CaWPS
H8—-CaWPS

1.86+0.07"

81.9+2.1%

283.4x7.9

1.80£0.08%

83.6+1.2°

D Values are mean + SE of 7 rats per group.

273.0£54

? Values within the same column with different letters are significantly different at

p<0.05 by Duncan’ s multiple range test.
¥ NS : Not significantly different among groups.

Y See Table 2.

*

. P<0.05 significant difference between L4—CaCOs and L8—CaCO3 by t—test.

+

. Values measured from 2 to 4 of lumbar.
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Figure 17. Ca content in lumbar(L2—14) of osteoporotic rats fed experimental diet
for 4 weeks

Values are means of 7 rats per group. L4—CaCO3: Low Ca diet for 4 weeks, CaCOs
(0.1%); L8—CaCOs: Low Ca diet (0.1%) for 8 weeks; L8—CaWPS: Low Ca diet for 4
weeks, CaCOs (0.1%)+Low Ca chelated with Whey Protein for 4 weeks;
N8—CaWPS: Low Ca diet for 4 weeks, CaCOs; (0.1%)+Normal Ca chelated with
Whey protein for 4 weeks; H8—-CaWPS: Low Ca diet for 4 weeks, CaCOs
(0.1%) +High Ca chelated with Whey protein. NS : Not significantly different between
L4—CaCO3 and L8—CaCOs.
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in liver of osteoporotic rats fed

Mg and Fe contents

Ca, P,

Ash,

Table 29.

experimental diet for 4 weeks

Ash Ca P Mg Fe
(mg/g wet wt) (ug/g wet wt) (mg/g wet wt) (ug/g wet wt) (ug/g wet wt)

Groups”

455.6+6.0° 2.7+0.1% 458.4+8.6Y  629.5+9.7%

14.6*1 21)3)NS

L4—-CaCOgs

18.6+2.17° 508.8+16.8" 2.6+0.1° 457.2+t12.4° 650.2+16.3"

L8—-CaCO3

4545+17.6° 2.5%0.1° 464.2+£22.2*  553.3+12.8"

18.3%+0.2°

L8-CaWPS$S

369.1+7.4° 2.2%0.1° 406.9+t12.1° 515.6+18.1°

14.0£0.3"

N8—-CaWPS

390.1+£19.4¢ 2.4+0.0" 423.1£8.4" 510.3£17.4°

13.4+0.4°

H8—-CaWPS

D Values are mean = SE of 7 rats per group.

? Values within the same column with different letters are significantly different at

p<0.05 by Duncan’ s multiple range test.
¥ NS : Not significantly different among groups.

Y See Table 2.

*

- P<0.05 significant difference between L4—CaCOs; and L8—-CaCO3 by t—test.
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Table 30. Ash, Ca, P, Mg and Fe contents in kidney of osteoporotic rats fed

experimental diet for 4 weeks

Groups’“ Ash Ca P Mg Fe
(mg/g wet wt)  (ug/g wet wt) (mg/g wet wt)  (ug/g wet wt) (ug/g wet wt)
L4—CaCOs 16.5+1.3"9N  400.6+11.1° 2.03%+0.06™ 335.2+9.4"  215.7+11.9"
L8—CaCOs 20.3+3.47° 525.3+22.4° 1.86+0.08™ 337.8+8.0° 247.0%£12.9®
L8—CaWPS 18.3£2.1% 454.9+21.6° 2.04£0.13 282.7+14.1" 229.5+4.0
N8—CaWPS 13.3+0.3 347.2+14.7° 1.98+0.07 275.0%7.3¢ 263.5*6.8°
H8—CaWPS 11.8+0.4" 388.7+13.6° 1.97+0.04 305.8+5.5" 253.7+£10.1%

D Values are mean = SE of 7 rats per group.

? Values within the same column with different letters are significantly different at

p<0.05 by Duncan’ s multiple range test.
¥ NS : Not significantly different among groups.
D See Table 2.

" 1 P<0.05 significant difference between L4—CaCOs; and L8 —CaCO3 by t—test.
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Table
experimental diet for 4 weeks

31. Ash, Ca, P, Mg and Fe contents in spleen of osteoporotic rats fed

Groups” Ash Ca P Mg Fe

(mg/g wet wt) (ug/g wet wt) (mg/g wet wt) (ug/g wet wt) (ug/g wet wt)
L4—CaCOs  24.2%0.7V9%  219.7£8.3" 2.84+0.1" 313.7+8.4° 991.9+53.0™
L8—CaCOs 25.4%0.97° 200.3+7.3" 2.6+0.2° 279.3+8.2" 1017.7+45.6°
L8-CaWPS 26.0+0.9° 178.2+6.4° 2.5+0.1%" 312.5+8.0° 1287.2+37.2°
N8—CaWPS  18.3%0.6" 144.0+6.9° 2.3+0.1° 267.0%6.3" 1078.1+20.3"
H8-CaWPS 19.4+0.5 155.5+6.9° 2.5+0.1%° 272.7+6.3" 1299.3+18.3°

Y Values are mean = SE of 7 rats per group.

? Values within the same column with different letters are significantly different at
p<0.05 by Duncan’

¥ NS : Not significantly different among groups.

Y See Table 2.

" 1 P<0.05 significant difference between L4—CaCOs; and L8 —CaCO3 by t—test.

s multiple range test.
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