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HPLC (High performance liquid chromatography) : &EKRME
rav byS574

MCP (Micellar calcium phosphate) : SEJLEY BEEAHIN T A

SMUF .(Simulated milk ultrafiltrate) : ATHIE

USMUF (6M urea-simulated milk ultrafiltrate) : E%%/\I?L?%

WPF 4. (Whey protein-free milk) : HBEY NIV BBREHRIER
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2 hzid. B FIODEREERS LTRSS ENTNS, TOHTHHEY >V AR
Sl HEMICHEEREBRRSD | DTH3. LI /NI BEIIHEI O NIEL
HEA VKBS, TOMRLIIBREIC K > TRRD., UIDOREIRINE1 b
&N BDHI80% % DD,

S HEA IBAE— DRSS EEZ SN TWA, HHAABESKENEICL DT
FE—EDNHS M ERD, BIE TR0y ag— p-BEUk-HE1 > OEBERS Ey-IE
A VEOWEBRSD SEREND Z EDBSMNTILO TS, TEIT I HEL VS
DHRREIE 30 (0 i B k- TEA U BET3:0.8:3: 1 THD, TNTND—KIHE
EHHESMTETN TS (Schnidt, 1982).

oy~ T AIHFR 24,000 TI19EDT I ) BHSK-THY, HFPICEENS
8 DY) VEEENTER NN T LEEYA FElzo T3, J72bb 8 EDY) ERE
D55 TEIX43~TI BEOBREICBELTHOD. Ld COEBICEEY 2 /BB THS
FANGFUBEETING I VERGHETI0EREL TW3S, ZOEEOmAIBIKME
BE 2 % < SUBUKERERE 2> THY, 97U TI3mBHmE 2R
DT3B Fig. 1-1), og- 11 IHFER 25,000 T 207 BT I /) EEFRED SHERK
INTNWS, 7 2 BHRROBFIEENYL > OFTRHEW 1L EDY SEREZRES,
INDx~HEA > ERERIC 2 BO-SHEEF T AR ThH5 (Fig. 1-2), Fig. 1-2 MHEHAS
BEDIT. ag- T EA VZEHERENSMMO 1 > EHARSB & RS FEEIITRL
THEELTWS, 11 @V SEBEDS> S § #id. 8~10. 16 BEOMEHE 56~58, 61
ZEHOBEBIC AEODDY FIAY—EFRLTHWBH, OHEA1 >0k S I HMER):
TR ER =30 B-IE1 3 3. M RRICATH S0% pHd. 6 T 1. ™M RRFRITIX
FBEDHEA > EFRSINTHO, HTEIZH 24,000 T 209 EHDOT 2 ) BETREN SRR
2 T3 Fig. 1-3), B-HYEAS NIBKEDT 2 VEEZIEEIIZEAE2TOHEL >
DOHFTHROEVEUKEZRT, —KEENSHSMNRE DT, p-HE-1 > D N K 50
FREIT 25 EOOMEREDES L. I C 5000 50 BRI 7T BOBEBRENEET S0
B THKENE <. Bk OE EBUKEDOEBNRET 2 RER/ B OSFH
EBEEBELTNWS, -1 13 6. M RFBIZIIRIE T, 4. M RRICIIFBEDORS & &
Nea- B 2%, SHITHIVI D ABZEOENN S, 0. MIELHIVI D A, pHT. 0,
0~4TCT TR LR E L TEEINTNS, k- I ¥ A3HFER 19,000 T 169
BT 2 ) BBRENSERINTBY, FOHFHITIZ) VEEE 1| DULMAEERN.
(Fig. 1-4) s TD7e¥x -HEA MDA > DEDITY BEDT 5 XY —hvz<,
FIVT BT DD TRWERZEDORE &3> Tnb, —KiggEEs5E, k-t
A EB-FHEA > LI N RRANTBUK MR 2D, C RERAICIIFE =S THK
HOBEHSFEL TS Fig. 1-3, 1-4), FEHEEBRTIHEITS Y M—X. N-7EF
WIAFIVEE, N-TEFINHS NI T 3 XL 4 BEOET 131, 132, 133
BEHOAVAZ OMNEIZHEL TS, 2NSOFII&TOk-hEA1 THEETZ0
T2, BEBE LRV -NE1 BFEL. MATEEERITODENS Di-HtE1>
DAREF—HDFRREZ> T3, ’

HEA ERFIBEEE LT, EEROBOMEERAD LT, TDHE
HFTIIH 1 BRI TIIFER S, HEERICKDEREA 20 nm~600 nn T
15150 nm OEKRBESE, A1 I N EEENDEERIO1 RRTFE LU THRE



1
Arg-Pro-Lys—His-Pro~Ile-Lys-His-GIn-Gly-Leu-Pro-Gin-Glu-Val-Leu-Asn-Glu-Asn-Leu-
21
Leu—Arg—Phe—Phe—VaI-Ala—Pro-Phe—Pro—Gln—Val-Phe-Gly-Lys—Glu-Lys—VaI-Aén-GIu—Leu—
41
Ser-Lys-Asp-I|le-Gly-SeP-Glu-SeP-Thr-Glu-Asp-Gln-Ala-Met-Glu~Asp-11e-Lys-GIn-Met-
61
Glu-Ala-Glu-SeP-11e-SeP-SeP-SeP-Glu-Glu-1le-Val-Pro-Asn-SeP-Val-Glu-Gln-Lys-His-
81‘

I 1e-GIn-Lys-Glu-Asp-Val-Pro-Ser-Glu-Arg-Tyr-Leu-Gly-Tyr-Leu-Glu-Gln-Leu-Leu-Arg-~
101
Leu-Lys-Lys-Tyr-Lys-Val-Pro-Gin-Leu-Glu-1le-Val-Pro-Asn-SeP-Ala-Glu-Glu-Arg-Leu-
121
His-Ser-Met-Lys-Glu-Gly-Ile-His-Ala-GIn-GIn-Lys-Glu-Pro-Met-|1e-Gly-Val-Asn-Gin-
14
Glu-Leu-Ala-Tyr-Phe-Tyr-Pro-Glu-Leu-Phe-Arg-Gln-Phe-Tyr-GIn-Leu-Asp-Ala-Tyr—Pro-
161
Ser-Gly-Ala-Trp-Tyr-Tyr-Val-Pro-Leu-Gly-Thr-GIn-Tyr-Thr-Asp-Ala-Pro-Ser-Phe-Ser-
181 . ' 199

Asp-Ite-Pro-Asn-Pro-|le-Gly-Ser—Glu-Asn-Ser-Glu-Lys-Thr-Thr-Met—Pro—Leu-Trp.

Figure 1-1. Primary structure of o.gi-casein-B



1
Lys-Asn-Thr-Met-Glu-His-Val-SeP-SeF-SeP-Glu-Glu-Ser-1le-1le-Se-Gin-Glu-Thr-Tyr-

21 '
Lys—GIn-Glu-Lys—-Asn-Met-Ala-1le-Asn—-Pro-Ser—Lys-Glu-Asn-Leu-Cys-Ser-Thr-Phe-Cys—

41
Lys=Glu-Val-Val-Arg-Asn-Ala-Asn-Glu-Glu-Glu-Tyr-Ser-1le-Gly-Sef-SeP-SeF-Glu-Glu-

61 '
SeP-Ala-Glu-Val-Ala-Thr-Glu-Glu-Val-Lys—Ile-Thr-Val-Asp-Asp-Lys-His-Tyr-Gln-Lys-

81
Ala-Leu-Asn-Glu-1le-Asn-Glu-Phe-Tyr—-GIn-Lys-Phe—-Pro-GIn-Tyr-Leu-GIn-Tyr-Leu-Tyr-
101
GIn-Gly-Pro-1le-Val-Leu-Asn-Pro-Trp-Asp-Gln-Val-Lys-Arg-Asn-Ala-Val-Pro-|le-Thr-
121
Pro-Thr-Leu-Asn-Arg-Glu-GIn-Leu-SeP-Thr-SeP-Glu-Glu-Asn-Ser-Lys-Lys-Thr-Val-Asp-
141
Met-Glu-SeP-Thr-Glu-Val-Phe-Thr-Lys-Lys-Thr-Lys-Leu-Thr-Glu-Glu~Glu-Lys-Asn-Arg-
161
Leu-Asn—-Phe-Leu-Lys-Lys-Ile-Ser-GIn-Arg-Tyr-Gln-Lys-Phe-Ala-Leu-Pro-GIn-Tyr-Leu~
181
Lys-Thr-Val-Tyr-GIn-His-GIn-Lys-Ala-Met-Lys-Pro-Trp-Ile-GIn-Pro-Lys-Thr-Lys—Val-
201 207

Ile-Pro-Tyr-Val-Arg-Tyr-Leu.

Figure 1-2.  Primary structure of a.ggcasein-A



1
Arg-Glu-Leu-Glu-Glu-Leu-Asn-Val-Pro-Gly-Glu-1le-Val-Glu-SeP-Leu-SeP-SeP-SePGlu-
21
Glu-Ser—1le-Thr-Arg-1le-Asn-Lys-Lys-1le-Glu-Lys-Phe-GIn-SePGlu-Glu-GIn-Gln-GIn-
11
Thr-Glu-Asp-Glu-Leu-GIn-Asp-Lys—Ile-His-Pro-Phe-Ala—GIn-Thr-Gln-Ser-Leu-Val-Tyr-
61
Pro-Phe-Pro-Gly-Pro-Ile-Pro-Asn-Ser-Leu-Pro-GIn-Asn-1le-Pro-Pro-Leu-Thr-Gin-Thr-
81
Pro-VYal-Val-Val-Pro-Pro-Phe-Leu-Gin-Pro-Giu-Val-Met-Gly-Val-Ser-Lys-Val-Lys-Glu-
101
Ala-Met-Al a-Pro-Lys—His-Lys-Glu-Met-Pro-Phe-Pro-Lys-Tyr-Pro-Val-Glu-Pro-Phe-Thr-
121
Glu-Ser—GIn-Ser-Leu-Thr-Leu-Thr-Asp-Val-Glu-Asn-Leu-His-Leu-Pro-Leu-Pro-Leu-Leu—
141
GIn-Ser-Trp-Met-His-GIn—Pro-His-GIn-Pro-Leu-Pro—Pro-Thr-Val-Met-Phe-Pro-Pro-Gin—
161
Ser-Val-Leu-Ser-Leu-Ser-GIn-Ser-Lys-Val-Leu-Pro-Val-Pro-GIn-Lys-Ala-Val-Pro-Tyr-
181
Pro—-Gln-Arg-Asp-Met-Pro-11e-GIn-Ala—Phe-Leu-Leu-Tyr-GIn-Glu-Pro-Val-Leu-Gly-Pro-
201 209

Val-Arg-Gly-Pro—-Phe-Pro—Ile-1le-Val.

Figure 1-3. Primary structure of B-casein-A>



1

Glu-Glu-GIn-Asn-Gln-Glu-Gin-Pro-1le-Arg-Cys-Glu-Lys-Asp-Glu-Arg-Phe-Phe-Ser-Asp-
21
Lys—|le-Ala-Lys-Tyr-Ile-Pro-!le-GIn-Tyr-Val-Leu-Ser-Arg-Tyr-Pro-Ser-Tyr-Gly-Leu-
41
Asn-Tyr=Tyr-GIn-GIn-Lys-Pro-Val-Ala-Leu-Ile-Asn-Asn-GIn—-Phe-Leu-Pro-Tyr-Pro-Tyr-
61
Tyr-Ala-Lys-Pro-Ala-Ala-Val-Arg-Ser-Pro-Ala—GIn-|le-Leu—GIn-Trp-GIn—Val-Leu-Ser-
81
Asp-Thr-Val-Pro-Ala-Lys-Ser-Cys—-Gln-Ala-GIn-Pro-Thr-Thr-Met-Ala-Arg-His-Pro-His-
101 |
Pro-His—Leu—Ser—Phe—Met—AIa—lIe-Pro—Pro—Lys-Lys-Asn-GIn—Asp—Lys-Thr-Glﬁ—lIe—Pro-
121
Thr=l1e~Asn-Thr-11e-Ala-Ser-Gly-Glu-Pro-Thr-Ser-Thr-Pro-Thr-Thr-Glu-Ala-Val-Glu-
141
Ser-Thr-Val-Ala-Thr-Leu-Glu-Asp-SeP-Pro-Glu-Val-|le-Glu-Ser-Pro-Pro-Glu-Ile-Asn-
161 169

Thr-Val-GIn-Val-Thr-Ser-Thr-Ala-Val.

Figure 1-4. Primary structure of x-casein-A



LTW3 (UNEF, 1989 ; oAREFRR, 1984), EEBLAYM > OECEEHITHEHEL
THENWHEER. KEES. BKES. S-S #EalckaIetmsnTng, 37b
Lo HEA VEIpHBEI T BEIC L > TSN E L EEE2 DT M5,
HENSHAER S EDREREREEZ SNTNS, -1 idiBELERE
EDREEHEEERTZENIHENAEEZHTVA I NS, BUKEHEEERD
BENEZOSNTWS, ERICHKEHEEEADOERZYTS sodiun dodecyl
sulfate (SDS) DIFE F TIIEEHOERIHI TN 3, 2EADOFITER 10 nn OERR
THO. Y50 BDOHYA > HFNEB. x-hTA A% N R BUkERREE2%<
SO ENSBKEREEROBSENEZSNSN, -5 HEICXAHAEERADOTRA
HPREEOTRE— S, R ENE NI ENSEMREEEER L TNWSEEZILN
T3 (FAR, 1986) . '
AEAL2DIE, WV I LBZENEAL D THB0~ ag- B-HEA1 AN
LAEFEEMERL. 5mM BL DIV ABE TBRRIENEDOIVEBR G E 5. O
13 HEA RTFITAN T LT UBRERTBZEIIKDAEA G FORATAF
Y=L, TORENTA O ATFRBUKEHEERIHES N TERRZSEM
BELZEICEBDDEEZLNTWS (Aoki ef al., 1984), LML, FHAHFTE 5
IV NBED 30 i HBI2Hhhdh 59k -1 > OREER Waugh, 197TDITXD
LR LUIsn, Tabb, BV ABRZEDa- 1 > BXUB-HE1 NnE&E L
IENDaAT—Ex-HEAL > DI- NBIBRDBEATNS, HEERICLEDEBLENE
ANFTTIENEDLD, Y73 UIEBITKkERIEAL >INV ERTINS a0
A RRIF&EUTRRIEL TV Morr, 1967) . 2 IV ORRZHRRIE 93% A3 EA 2T 1%728
WMESERETH D, EEEEOFERMNION T LEEE) DBET, ThITITRIY
Ly VT LBEOY LUBESATND, HEA 22 )VOBEIIEM TRIR SN
ZNEDELBRETIIIHIBREINTNS (EEFII, 1978 ; &K, 1995, 1997), Slattery and
Evard (1973) 13 E1 VAR OERL Y TI IV SBREINBIETIVERELE
(Fig.1-5)s TOEFNTIE. I BIVHER o T BT > E-TEA >N 5 BBUKED
YT @AW HERKD. 2 BIIVERIGK -1 ACESY T2 2L ("
BN MNEE-o TS, 7 IDEEIBLZ 10m T ZOHT 2 2)UIBUK
HOEEEEL TESTHIEERLTWS, I3 Y73 WdFL— M ZA
WTI NS HNIILAZBRETHER/ONDZENS, AN TLARLIRIVEY >
AL A QICP) (B BWEao1 RRU BBV A ¢ CCP) DZREATH T 2 )L
OESIZEELTBYD, MCP AShEA > IV OEEEESTIEERBREIZHE>S TH
BEEZSNTWS McGann ef al., 1960 ; Morr ef al.,1971 ; Schmidt, 1982). LML
B85, TOETFIVTIIMCP OBEDSRENTHARNI E05, Schnidt (1982) 13 A
SOF)I—DEEI IV EEREL TWBOTIIERL, PEOKRESDOYTIBIVAF
MHEERRBESL &R0, ZNOAIMP ZA L TRELIBIPEBRINDETIERBLT
W3 Fig 1-6)e COEFIITIL, B 73NV OMRRIIE—TI3RL, «-HtE1 >0
NS T 2NN BIVERICEEL. x -1 o O2NWS T IHUNIREICMEL T
W5, Warstra(1999a, 1999b)id, MCP {343 L HH 7 X EIVEIDIRERARICEIH > T
N3 ENIHIF TR B TIVINTFETSETINERBL TS Fig. 1-0).—7.
Holt (1992) R 7 I EINOEEZBELTED. T EIANICER (Gairy) O
substructure MFEL TWAETBEFIZIRBL TS Fig. 1-8). ZOEFIUI.
BEICAMU-BEBESE > TH 0, MCP IR FELTYNIVET NIV I AD
FZHODAFENTNDS, ZOXIITHET IV OEICEEL T—R L/ RARIIES



Kk-casein

as-casein and
B =-casein

Figure 1-5. A model of casein micelles proposed by Slattery (1973)

k-casein molecules

hydrophobic core .
Cas(POs)s cluster
A "B
Figure 1-6. A model for casein micelle structure proposed‘ by Schmidt (1982).

A, Submicelle ; B, a casein micelle composed of submicelles.



O submicelle
protruding
)”’9 peptide chain

calcium phosphate

L3

Figure 1-7. A model of casein micelle structure proposed by Warstra (1999)
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Figure 1-8. A model of casein micelle structure proposed by Holt (1992)



NTH ST, MCP EEICEL TITRSZREIL ALY,

HEA I OEEEREENT I &, BT IV OREEEN L EF—X
2I—) M EOHLHMBORERICH U TERARERERD., TIVI—INFREELDR
ERAEA I BN OREERICLBEETH D ENS, TONKEHET 2H5EICHE
ATH5. HEA I INORELBERENT=DITIL. MCP ZBEOEEKEHSNITT
B ENEOTEETHDEEZS5ND.

Chan and Yamauchi (197113, 6. 6M RFEERP CREES B/ NE A I IV ETIVE
BIET 2 ESICHBEL TWB, Z0DBESTEMTIIM EHET o 2EhNaE
N5 EHERINDD, TOEMNILS-S HETEE Uik -NEA > bayg-H1E1 22
FhdEEZ SN S TRBBRPTIIMP 2A—H At L TWA I EMEZ 5N,
Aoki and Kako (1986a)id. Ht- > I&)%E. MCP ORIA(LER</-®IT 6 MRFEES
OATHEP THRESE 2-AAT Iy /= TERL T S-S HEEEUL. IV
BE— R HPLC T MCP ZBBEHE1 o6k EBEEBHESEEL /., T 5IT Acki ef al.
(1986b) 131 A > HE— K HPLC THEA D ERDONPIERIEEHILL TnD, Ih
SOFEZRNTHRY > LizhE1 O THRELZATI IV ERARS &, MCP I2XL 5%
BATRSIIZNI EMS, MCP AV 0 VEEEN LU TEIBL TSI LAY
BRI/ (Aoki ef al., 1987a). EHIT. HY¥A > DMP EBESESHEHERT DENY
1 VR DEIEE. £HEA NTHRe-BE Wog-HE1 NEL., B-HEA N3z
k-1 NeEEN/ Aok, 1989), TS/ IE1 DY CEEEENS.
o~ A D8~ A, ag,~ A AN 10 FE~13 [, p-HtEA1 N 4~5 ., - HtEA
NIV ETHSD, LizdioTEROERIT. VU VEBEEOZWHEA 2 RHIE ELEES
N9 VEEREE | BUMNMF RV ES BBRBEENRNI EERBL TS,

FITEAMETI F2EICBNT, 1 4FPIC0~5 B0 CBEERFDOE M-It
A ERANWTAII RLEFERL, ¥IVERE— R HPLC Z{TWhE > 2 'L MCP
BEEHTA L AAREREZAIEL T, NP ORBRRICKE RS D EEEEEZ S H
ICU7z. B3 ETIE. b Mp-bEA1 >-30, 4P B & ag- A -8P, P BB LT
a1 -10P~13P B EANWTAII RV EFBL . MCP 2B L F1 > S&FEH
T B Y1 DRSHRETRNRD Z & TMP DEBHRICBIIFTY VEBEROEE
BN, EAETIE UIHEA I BIVOKR, ABEONIBILE NP ZHEMEE
TN EIVRD MCP ZBEH Y1 S AGHERERAN. IEITAXENP EED D NIE
MCP B Y1 2B HE B EDBIRERIL-. BEENSETETIRY I USNDOAY
A I RIVERD LT, BRRRDIHIBMONI Y1 > I IUIBIT S MCP LEBHROE
HEFRT, Thabb, EHBEEGETIEITIINEI I IE ETETEREYIDHY
A2 RIIVERNT, WP EEHET EEHEBZRIEL. T¥ YL I BIVEREY
THEA VDO MP BB E 2 VORI DWW TN, BERICE 8 ETIE. iR
I X BT HEA 22 RIVD MCP 2EH 1 S E&ERERODELERIKIC HPLC T
AN, EIRNIEIT L D MCP ZBEAYESRT A Z L ZBHSMIT U7z,



HoE LMY CBIILIYAILES
YA 2 DEBITNEREDY CERERK

B1E #S

ARLBHFHEHARELBRTRIED TS, ALEFADTNTNOY NV EE
EiX. AR L 1% THEILN2LIBEBETHD, OIS0 E1SBIE. &5/
BEEITHUTARLDK 20%8BE, 40 SWEELNDNTWS, IP¥A1 > DERK
DTDONTHBE, TIhEA P OEREMIay- ag— B~ x-HEL > THBDIT
MU, & MY D OERMIE Fp-HEA 2 EE bx-BEA > THD, Erp-HE
AR MY 2D 60% % EDTNWS (HHEFIT, 1972, LA, 1979),

Greenberg e/ al. (1984) 13k Fe-HEA > DO—KEEZMAL. L bp-HET>D
—REENT LB-HEA P DFNELBUTRBMN, TIp-HE1 P28 VEEES
FHIZ 5 ERED 1 BETHHOIIML. b Fa-IE1 I NKENS 10 BEETO
Y EEEE | . 248, 3ME. 4ERLUEEZFEOEEEY VEEREEIEL
MNAE 6 BEORANHZZEEREL TS, Erg-HET D1 RkEEE
Fig. 2-1 IZR U7z, U DEEEZ 1 EHFEDE b-h¥1 I N-FHH S 9 BEH D NIE
10 BEOWTNMICY VEEBEMSIBL., U UEEER 2 DFDE bp-AE1 I N-KH
N5 9BBEE10BBICY EENMIET S, UT. 3. 4 E. 5 @y EEILFigl-1
IRUEY 2 BREINEYT S, —75. IEA 2RO MCP ZBEBEIAEL D
S EEENUTHEREN (Aoki ef al., 1987a). U DEEEEMNEZVWHEAL IFELE
BINPTWI EI3EICmRx (Aoki, 1989), LAAUAEAS. MCP ZEREHERICHER
B SEBEHIZHLOMAICINTVWERN, FIT U SEEEN 1 @RS 5 BoFh
FN) CEBEENRIZZE M-I P RSB 2B AT 2V EFES L TMCP
EIEH VA D 2BBIER S NDIDENETNRD ZETMP BB IHERERDY T
HE &R,

FE28 HEBARBLUAE
1. Eb2HEAMOTE

b M1 > DFAEII Groves and Gordon (1970) DHETITo /2. bbb, BE
BRI F4TRLESNIEALLL 2RV, BESMEEZNHEITTIZHDAE N T2
4>y —1mg ZHEML=#, 3,000 rpn T 15 S OELABEICE D BIEL /2. BilE
it 5L ORBKIZH U T—BRBIT 2T, BCITMEL . 1 N DE#ET o 2
4.6 ITERABRL THYEA 2B E., Zn%E J0COEEFPT 30 SoREELEE.
5,000 rpm T 30 B ODBEL 7=, TERRI 200 ml OFRB/AK T3 EEEEL . BEZ 400ml
IUT I NAESMEF U ABKE pHA 7.0 28I 2NE S ITMA TERSE, B
1 NEEETHEILS B/, BRI 3 BEEKTHRER, 5/ —)L150 L T3E, Tk
N> 150 mL TLEIBEHEL . T2 —d—TRIEZEL T b1 &L,

10



1 5 10 15
NH2-Arg-Glu-Thr-1ie-Glu-Ser-Leu-Ser-Ser-Ser—-Glu-Glu-Ser-1le-Pro-

g -——-

i
|
]
P
NH2-Arg-Glu-Thr-11e-Glu-Ser-Leu-Ser-Ser-Ser-Glu-Glu-Ser-1le-Pro-

P P
NH2-Arg-Glu-Thr-11e-Glu-Ser-Leu-Ser-Ser-Ser-Glu-Glu-Ser=1le-Pro-

P P P
NH2-Arg-Glu-Thr-11e-Glu-Ser-Leu-Ser-Ser-Ser-Glu-Glu-Ser-1le-Pro-

P P P P P

Figure 2-1. Location of phosphate groups on the 1-P to 5-P forms of human $—casein.

2. Ebg-HAEAORE

b M- D OFERIE Nagasawa et al. (1967) DEETITo /2. $780D5, 0.75¢
D h&htEA 2% 20 nl ORBKTHERL., 7077 —EEEINRNEENH DD
TERNEEIHEIT 57280 95°C T 5 HEMBLEZT 72, ZOAEA VEKZ 0.02
MU CERERICH L—BEIT L, (4RI O TS5 T7 4 2ZRANTE ba-HE
A ESBENR Uz, 1 A2 #o O< M5 7 1 13 DEAE-E)L 01— X DE52 (Whatman)
27332HT5Q2.2X60 cm) ITFEL, BABERELTO.02 MV ERREER (O 7.0)
2R, 0M~0.3 M DT M) U AKX ZERBEIEE THEHE T /2. ToEi
120 ml/hr, JBER SCTITo /2. SEERBLETNTNOE M-HE1 B RIZ 0%
BEANC/2 2 KD ITHEEMA. 35CORMPITHREEL 2% 10,000 rpm T 30 35E05
BEL 7z, ILBIME L TESNEE F-HE1 V3RV DOEBKTAREL. 5 L DK
MU T2 HEOBh 2T o7z, BEERL.

3. Ui-h¥A 2 DER :

k= VEFRNAY A BOGHERLTEEL . BoNIREEN SEILER
Bz DBREehY1 o 2BRWT, Little and Caster (1963) DFETHAMU, &5
ICZDx-AEA 2% Aoki et al. (1985) DAHIETHRE L, 32bb, 10 mlL D 10%
&A1 B % pharmacia #d Sephacryl $-300 75 A (3.2X90 cm) ZFWT 6
MRZZSD0.00 MV EEBEKRTHAHEL, 200 mL~250 oL IZBHTNB-HE1 >
JEREDR LU, ZORES VB ESTBIREEEL TU - IEr> &L
Bonfx-HV¥1 %, 4.5 M REFEETORI T I UNT I RAS T BERIKE)
ICHEUME DR Z1T o 7= (Aoki ef al., 1986a).
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4. AITHEAZEIORH

ERp-HELET-HEAL ERAWEATIAEAL IV OREIT Knoop ef
al. (1979) OAETHT - 7= (Aoki, 1987h) . T7xbb. FTHEA( U BKERET 570,
ERB-HEA 2 EDI-TEA DN 9] TEREN10 ng 3L DiIC. Hohl
DAI—S5—ADT TRy hN—ZANBLKZRE L ZHREICHEL. Chiz 0.3
mL DKEMZ, IN KE{LF MU DTAZHMN 7.0 Z2BIRNEDITMAH. BEE
NTIBRBRLTAELE. COHE1 BERIC.2MEEINITLAEN2IN U
BEAKFBHVILBEIONIN VI BEIAYTLAZENTN 261l &£ 30ul BLUIL.5
pl MNZA Tz KIT MCP ICKBEBERR I TS/, 0.2 M B\EHNIIA 6.25uL
E0.2M UERKFEAYIALS125uL 2, 15 HEIBTEEH 4 EFEMLE, ZOEE
ARINZ INEEE T ol %2 6. TICHABLAENSITo 2. BRICBFREL THIROKBEN
0.5giZ/2BkdITkzEmMR. VT UEBEEHINIILABLIO) SBBENENEN 10
mM, 20 oM BE1T M DAL % H 1 Bk ERML-, :

5. FRFEATIELE (USMUF) DRSS

DEAE-EIINO-A A5 LEBLU TAMYERREL= 8 M IRFEBK 750 mL IC7Z&EE/Kk 190
mL & Jenness and Koop(1962) A EIC L DERB L = REFBK | BL D (Table2-1) %
FNEN 20 1l & REEH U L% 300 ng FRAOL. 1N KEE(EA V) ™ AT pH % 7. 06 (R
BEEFHLVWATHRZAMTHEEpH2 6. TICHABT B /-DICNER I N KEE LS
VOADOHRIMBZRMUZEEDEE L) ICHAEL . £28% 1000mL & U7~ (Aoki
et al.,1986a).

Table 2-1 Composition of STOCK I and STOCK II.

STOCK I 500 mL
K2HPO4 39.5 g
Kcitrate 21.3 g
Na - citrate * 2H20 44.7 g
K2S04 4.5 g
NaNs3 100 mg

STOCK I 500 mL

CaClz - 2H20 33.0
MgCl2 - 6H20 16.2 g
NaNs3 100 mg

6. JIVIBBE— F HPLC :
HPLC 185 LC-5A (&) &AWy, J15 213 TSK-GEL G4000SW (7. 5 mm< 60 cm, 3R>/ —)
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12 TSK-GEL H-R A5 L (1.5 mmX7.5 e, Y —) Z2EEL/-. BEERIZ USMUF 2B
FoE 0. 50l D TCTARREUERL TH S ABRESE B IUIHEAL DBk I 0L
120.5g DENFERAREEZMZA 10 M 2-X)VH T vy ) —)VEMATCT ] Bk
BLTETIE, ACTSTANT =@ TYALX 0.45um THBLZDDEEA
L7z. U2 TIEABIRSOHFOBEITIZ 5wl &L, SBBAOEAICIZ 200 &L
(Aoki et al., 1986a),

7. A3 23E— N HPLC

HPLC 3R — D CCPE IR > 7B XU Y —UV-8000 B H 282 A VY, 11 5 AL TSK-Gel
DEAE 5PW(7.5 mmX 7.5 cm. BV —) &¥EEL~E, FIIVEET— K IPLC THEEL /= FI
EiMIaa o4 /Ny 7 (Sartorius SM13200, Sartorius) THYEA BEIK (%127
DETEREL. 20M 2-ANAHT TS ) =), 3.IMEREBXV0.08 M LT~V
DAEEST 20 mM 1 25— )UEEIR (pHS. 0) I L TB Uiz, B VA S0 ul
Z HPLC ITHEL ., i3 Bl D1 2 57 - UEER Z AW THEIE T U D LADERIRE
HAEETIT 7. ZOEZODMEMHITT > TIVEAR 10 9T BbF MU ABE
Z0.08 M5 0.28 METERTHEIMEE, HmEIL0.5 L &L=,

8. RUFTVVUINT I RRSTHFINVET K
RITIIUNTIRRASTFINEBRKINILSMREZED T T 7 VIVTI RS
ZRWTIT o7z (Aoki ef al.,19862), 8 MERFEL 208771 O BLIXANAT B
I )=)vEET0.120M M RIEEEER (Tris-HCL buffer) (pH6. 8) ICHAMRL /=
1.5%DE b&ATA EiEE 4u L ITLU=, KENES mA/ 7L — TN, 2K
FI~4 BT T L7z, 2@I130.5%7 2 R 75w 7 10B T | BEEIHTL. F0D% 1% Bl
B THRELURELE.

E3H WRBEIUEZR

AT EINIHEL BEN 2% T, BBEMNSIIILITL0 M, U EI1TMBEL
CIITEE 10 M IZ/2BKDICRB LA, AEA I RIVFD MCP 8B HE 1 26
BEnBETHED, 6 M REE 2-AINHT VLY ) =)V THREES B /=1, TSK-GEL
G4000SY 11 5 A% BAW=4 )VIBBE— R HPLC 217- 7=, Fig. 2-2A1C MEREE 2-A)L
AT RIY )=V THREEXR=hE1 I N oBEHiGgERLZ, EDTA 2HNT5 &
Fl EAMZEEAEHEELEZENS (Fig. 2-2B), Aoki ef a/. (19863) DIREDNDL DIz,
FlESMIMP 2B EL 286 THD, FLENIHEA S OEBAERTHBEER
5Nz Fl BOORMICEHENZE—2I3H T LDHRA RR) 2a—LATHD, T
AT I EINOBEITIIEDTAZINA D Z Ik > Tk U2 (Aoki ef a/.,1986a).
tE FAIAEAS 2N TIIEPICHEELEZOATH o=, ZHid, Groves and
Gordon (1970) D FEIL L > THENEAAL LS VEMIEENDIEDTFDY >IN
BENF1BESICBAHINZbDEMRINS, LENST, Fig. 2-2 AITHBUYTMCP 28
BhHYA 28 RNBHESNEFI ESMS Fig. 2-2 B @ EDTA iz T /= Fl
ESZ S LsIWEEEIIEED 19.8% THD., NP BBEHIT1 S/ THS
EEZ 5N (Aoki ef al.,1986a).
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Absorbance at 280 nm
o
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!
een 0...,;_..'..... ceey see

i

l A ’
o) 20 40 60
Retention time (min)
Figure 2-2. High performance gel chromatographic patterns of artificial whole human casein
micelles disaggregated in 6 M urea. A) Casein micelles, B) EDTA-added casein micelles.

Column, TSK-GEL G4000SW (7.5 mm X 60 cm); flow rate, 0.5 mL/min; effluent, 6 M
urea-simulated milk ultrafiltrate,

HEA 2 2'IVPD MNP BREHNEA > SBEOERERIES 3725, Fig. 2-2A D FI
B4 % TSK-GEL DEAE SPW WS ABEE LA T THRE-RIPLCICHL =R
(Fig. 2-3B). kb MB-HEA1 24P & 5P A OBABZE—2 & 3P RS DH TR —
IBREHENz, B Fp-IEAS COMBRER S TSN BRIKECRIELZEZA, b
F-HEA 2 DELIE P BRI THO. 1P RS E P RRMNIHDT N ThHo7=, Fi-. b
N-HEA > DG Azuna et al. (1989) DRV T 7 UNT I R NEKIKEIDOH
REBLLTWE, ZOEIIT. EFg-AEAL D DELI NP RO THBITHrMHS
9, MCP B A EA 2B EERT 5 & M-I A% 4P FRAMTHA 5P B Tl
BHIZN o e T &I 4P FROITHAR 5P RO DO BL DB I NPTV EDH EEL BN
7eo UMLIEASS, 1P & 2P BRI I T Mo, MAT, EDIA 2FmLAEE b
FEA 2 EIIVTIERTIVEEE— B HPLC TE SN/ Fl B2 A 71‘?5”5:*5‘&%— K HPLC
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ICHEL =& & (Fig2-3C) 3P, 4P BXUSP ADBEHI NN 72, 05 DR
5. Erg-HEAL D 3P, 4P BELU P RASIIEBINDNIP & P RIIEES N
BN ERHEREINZ, COZEEHERTHD. b Fg-H1EA 2-1P~4P 53 DE
NETNET -T2 EEZRNWTALIAEAL IV EREL T, MCP EBEHIEA
SEBENBRT BDNENET IEERTE— R HPLC THANE., 1P & 2P RoZ2ANWEA
T3IE)VIF ESRBHINEMo 7208 (Figl-4A & B). 3P & 4P EEH DIV T
FlEg AN (Fig2-4C & D). 3P RAZERAWEALI BIVICRRZRMT 5 &
VBRIV ADILBRINER I N, 3P &P RO EBWEATIHEL I D
MCP BB YA AR ERITFNETN1T.2% & 40.9% TH o7, MCP iIc X BLEEN
A EEHRERIE 3P DM 4P RAITHARIEFITDaho72H D], 3P & 4P FRH
BEINDD, 1P & 2P ROBEBINZNI ENREI N,

4P

Absorbance at 280 nm

A A A 'A
) 20 40 60

Retention time (min)

Figure 2-3. High performance ion-exchange chromatographic patterns of whole human casein
and the fractions separated by high performance gel chromatography of whole human casein
micelles. A) Whole human casein, B) fraction 1 of Figure 2-2A, C) fraction 1 of Figure 2-2B.
The letters of 1P to 5P indicate the components of human B-casein. Column, TSK-GEL
DEAE-5PW (7.5 mm X 7.5 cm) ; flow rate, 0.5 mL/min; buffer, 20 mM imidazole (pH 8.0),
3.3 M urea, 0.08 M NaCl ; gradient, 0.08 to 0.28 M NaCl for 70 min.
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ERB-HEA D5 DD EERIZT X B 3~11 HBEICESL. T3 DDU >
BEEITER T D, 2D 8, IBKUI0BEDY SEEEMNMCP IC L DHEBICRERTH
2HbDERDND. L. RURTFRELTY BEINSENTHETZHESITLD
Z< DY VBREMKBELINDREEEND BN, I DN TIEE 5ICHENSRET
H%,

Absorbance’ at 280 nm

Retention t.lme {min)

Figure 2-4. High performance gel chromatographic pattemns of artificial casein micelles of individual
human B-casein and bovine x-casein. The weight ratio of human B-casein and bovine x-casein was 9:1.
A) Micelles of human B-casein-1P and bovine x-casein ; B) micelles of human B-casein-2P and bovine
K-casein ; C) micelles of human f-casein-3P and bovine x-casein ; D) mitelles of human f-casein-4P and
bovine x-casein. Column, TSK-GEL G4000SW (7.5 mmX 60 cm) ; flow rate, 0.5 mI/min; effluent,
urea-simulated milk ultrafiltrate. :

van Dijk (19892, 1989b) id, 2 DY SEEE & 4 EOEE) SBEICHIN ST LEEE
T5 8 HORA A AMbo 7 MP DA A2V SAT—EFNERBLTNS, HOD
EFICED E, TRBANTLE) VBRHES OEBIIHETH D, KT
BT ERLTBLLTHEA Y ERSGLTWARTIEASRNELTWS, BAIKE
ZBYZBANTD ADIRBRIZBTBHEA > OBEESRIT) D EBERESEBICHAIT
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% (Holt, 1989b), TDT&EMB, B Mp-H1EAL 2D 1P & 2P RATEE LIEERY
RRDT=DITFRTR S EEFISD LERFETERWD, EbB-IEAD 1P &
2 RADATLIRIVTIE DBAN S T LB LD EEZ SNz, TNEDRE
RENSAEA D NP ICXBDEBHRICIEDIRS LB SEOY SEENPLETHD
EWAESMITIE DT,

B4 AME

IIENYA VERWEATIHEL IO MP ICEKBEBOINDT S dag,
- oy BHEA COIET. - AP VREBI RN, ZOZERAFHICEE
N3 CEEEENSNERNP ICEDEBEZERINDT - hHE1 iR ERE
Z | EUNEZRNZDIT MR 2B RI NN EEZRB LTS, —F, —K
BESBHAIN TS E -AES i3S FhicU CEBEEZ I~5ERFOBDE, U
CEEEERFIRNOONEETEIENHASNER>TWS, £ T, E M-HET
ETI-HEAERNWTHEA VBEN L% T, VUL 20m, UZEE1T M
BT UEEI0MMIC/RBEDICATI IV EFAR L. TSK-GEL G4000SW o 5 A2
WS IIVBBE— RIPLCIC K DAY I IV FOMP EELY 1 256 E0EEL

e RITA F AHEE— R HPLC TMCP BB A1 Ak EHRTIhE1 VR %E
ARz E A, B bp-IHEA1 2 4P & 5P DB E—2 & 3P R DO H/RE—
IEHEI N, RICE Fg-HETL 2D 1P RONS 4P RO ERANWTENTNY Tk
HAEA L ETATIIVINERAML, 7I)VERE— R HPLC TMCP B E1 226460
TEANEPRANRZET A, ERg-HEAL 2D 3P & 4P B3 Tid MCP IZ K BB
FRENFZIN P & 2P A TIREBNER I b o /=, U EDIERNM S, MCP 1Tk 248
BERIZISHEAL 9 FHRICIEULED) D EEENKHETH S R T=,
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EIE IV BRIV ID LTKDBRBREIC
RIETHEA DY CBEROZE

S1E #S

EIBIZBVWTHEACONMP ICLBEBTRDRLEDIB/DON) D BRENKE
THBIENASMERS T, ULMUANS, U EEDSA DORISEAMCP 12k 552
BRRICEETHUREENE> TS, ZOZEEHASMITEIEDITIE. —KiE
ERRCTY CEBLL NIVBRBBHEA > 2ANT, MCP IZX DEBHERICKIE
T UBEROEEERARILEND S,

DIHELDIE, ay-HEAS ITE—KBENE U TY VBRERDOANRER
Boag- A -8 & P RAMEFEEL. ag-HEA 2 BAKICa,- 1 EA 2 -10P~
13P RADVEET 3. ay-HEL T8O VEENEKMBEL THAEL TS
0. ag- A1 - BRABFE>TNSESHS 1 HO) ERER. NKRE»S 41 FB
DY CBEICHEAELTWS Fig. 1-). ag- ¥ -11P RSO 11 BV ERE
Mo~ A T ERABKICHEBRESR L THAEL TWS Fig. 1-2), LALRERS5,
ag-TI T > -10P & 122 BEU1P RAD ) VEBERFFFOEDT X JBRICHE
LTWANIMEATNTHARN, ang- Y1 OBKXKEDHER Tlday, TEA >
~10P FRH NN RELUTERN, ag-HEA1 >-11P~13P R IFHERIRNIN
RELTENS, ZOIZEMNS. ag-HEA 2-10P BRfFidag 1 >-11P~13P
BRAICHRDETHS EBbN S,

ZZT. BERp-HEA-3P & 4P RD. Uog-HEA 8P & P RABIY
Y a4y HY¥A -11P~13P R EAF RHEE— R HPLC THBS]ML T, Th
ZEN—KEERFICTY CBEROAVERZHEA OATI N ZHEL.
MCP BB H P A1 DA EHRTHEIY A CORMHARETARD I LIZED. H
—D—KHET, UBILDEVIMNCP IZXPEBERICKIITREEZRN L.

28 HERAHRBLUOAE
1. ERp-HEL Y ED AT S ORE

b Rg-HEA -3P & 4P RABEUY Sx-AEA1 > OREBIIE 2 BE 2H LR
BOAFETIT- =,

2. Uay-HEA 8P & P BABLUY Doy, hEA 2-11P~13P A OFEH
Y ay- A U ET ey A REBIEBEICL > TRENEY 2 ES
CIMEABWAN T LAEEELRALME—R BPLC ZANWTHEE L. 7730
4. SE N S Al TSK-GEL DEAESPY 75 A (21.5X 150 mm) 2335 L . AHERKIZ 3.3
MREZSD 20 M1 35/ —)VEEHKREH 8.0), Hidkid 4nl/5. EARIXI%E
HYA sk E L. BHIZEAT P D AICKS LBEDELEE (0. 08 M5 0. 17
METHI54, 0.1T MM50.20 METH1054) Tigolk. SHEL IZGEL
TR 2 HEER. 100 fEBOKICH LT 2 BB L2, BEERL THE.
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3. ATHhEA VI RIDOFEH .

ANITHEA I EMIE L EBE LHERRICTL, BRETHHEA &7«
HEA M ICRBEDICRE L. BB, Ebp-AEAT P EAVWZAII IV
iZb Fp-HEA -3 & AP A EFNTN 22.5 ng & x-HEA 2 5.0 ng ZFF
BLTHRHL, Yo~ Y¥1 Y E2RVWEATIEIVIY Yoy~ /181 >-8P &£-9P
EENEN 22.5 mg £ -HEA > 5.0 ng ERBLTHBLE. Yoy Y
A EBWEATI®IVEZY Yo~ ¥A 2 -11P~13P % 45 mg &V x-HEA >
5.0 mg ZFFEL THREL =,

4. HPLC

FIVIBBE— R HPLC I35 2 B8 2 HiERBRICT- 710 A1 B EERT S
DT olAF T HE— R HPLC 5 2 BE L HiLRABOAETITW, BEL
ik bp-h¥1 > TREMLET MU DAL K ZEREE (705 TO0.08 M~0.23 M)
EL. Tiag- ag- P S TIRELF R U AICES 2 BREEOERIE (10 4
T0.08~0.17 M, 504 T0.17~0.22 M) &L 7=,

B3 BRBLUEER

E Rp-HEA >-3P B 4P BB E T x-HEA P OALIRIVIL, HBEN
FIVTTA 20 i, USEE 1T M, JTEE 10 mM /B &S ICHAM L. FIVE
BE— RHPLC 21F- 72458, FI B & 2 ES EICH T ok, fiETaRl L
SICFIEMIMCP IZ L BBBEHE A 2GR TEREIN. FLESEIIES OB
BETHZ, EF-AEA DR BLUVIP R ETI-NEAL 2 ETESTEAE
A2 RNVDOMP IZKBEBHEA L EEKERIZ22.3% THoz. TOFIEH
Dk Fp-HEA >-3P & 4P B DL % 1 F > 30#E— R HPLC THRIE L7z, FI
B4 D 4P FR531% 84.0% & 3P R D 16. 0% ITEL~E L < £ 5 7= (Table 3-1) MCP
ICE o TEBEINE P & P A DFNENOLBICHT 2EIRI1IFI BRADSE
EXENDAEA HHREENSBHUE, ZDEE P RSDEIGIE3.57%TH
Sk SENHOLIEALUICHTS P & 4P RO DEIRITENTH 45.9% &
44.1%THole LIN>T. BEEIN 3P RT P ROLMED 7.8%. 4P 55
12 4P ROEHD 42.4% E72 0, BEENE 4P BRAOIIEREBE NI 3P RO D 5.44
ETHhHhoz.

T ay~HEA -8 BIUIP RO EY - ES L EDOATI IV, BBE
WANTAI0 M. U EE22 M. ZZBE 10 M &ERBEDICHBL~, 2+
VD Pl E4E 53. 2% TH o 7=, Table3-1ITRLZXDIT, MCP ik > THRIBEEH
7z 9P FR5r @ 9P A EFITH T BEIE1X 65. 9% TH D, ?ﬁﬁéht 8P pk5r DEIG
D1.BFTH-o7=,

SELULDY SEBEEMNMCP LB AT L OERBEHRICHVETHS I EIZHET
e, FETIR. HEA OV VEEEE | BOBEWSNCP ITX B HEA > DLERE
ERICRIZTEEERF Uz, b M-I 1 >-3P BT 4P RS BT ZED
TMIUNEBEI NN o7, MCP ITX B Y1 D DEBHRICBITZ ) CBE |
DB K BE ST - H A >8P & P RS ag-HEA -11P~13P AT
MR INESMo Tz, E Fg-HEAL>D P RHDY CERIZISERE IEEH 0BED
TI)BBREIMNEL PERATIESD | BEOY VEEN6BEHOT I JEBRE

19



#8595 (Greenberg, 1984) . T o5~ ag-HEA DY CBEIIE Fp-HET >
EHNRENTHELTBO, o~ P12 -8P DY TEEEIT 46 BEMNS 115K
BOY X /BEREICAEL. PP RADHS | HOU BRI 41 BEICMHBT S
(Eigel,1984), T 5 U VEE{LOERAIIMCP IC X2 EBRHRICEEL TWEEED
NBN, ALA20U VERE I BEOENNRIFTEEIR. A¥1icEedsY >
BEBMNEL5E, NI kB EEILNT,

Table 3-1 Relative casein composition of artificial casein micelles and the
MCP-cross-linked fraction (F1)

Type of Composition Composition Cross-linked
Micelles Component of Micelles# of F1 Proportion?
(%) (%) (%)
; ) 3P 45.9 16.0 7.8
Human B-casein
4P 44.1 84.0 42 4
, , 8P 46.6 46.2 52.7
Bovine ag-casein
9P 43.4 53.8 65.9
11P 29.2 29.9 55.6
Bovine ag,-casein 12P 842 40.0 63.5
13P 26.6 30.1 61.4

Data shows the mean values of two determinations.

2 Composition of casein mixtures in the prepared micelles. The k-casein

- content of all the micelle samples was 10%.

b The percentage of each component cross-linked by MCP to its total content of
micelles.

$488 ME

I hEA DR Tag—ag->B-HTEA > DIET MR IZXDBEBEINPTNT
Eid. FOHFHRITY VEBEEEEFEODITL VIFENMP ICLVEFINCTN
LEFRBLTWVS, 5T, BLEICBWTHYEA > D MCP IZXBEBERKICIZD
BEDIBED) DEBEENNHETHDENHSMI R 7. LHLEAS, U
B E N DORISHAIMCP IZ & B Y1 >~ ORBHRICEET 5 iEENH 2, £ T,
b Rp-H¥A -3P & PO Uay-TEA -8 & P BLUT a,-H1EAS >
-11P~13P RS Z SR CATI vV 2R S NVIEBE— RHPLC &1 4>
R#E— K HPLC 27> T MCP BBAEA BB eBRT2E& I E1 > Ok
FREFANRD Z & T, —KEENRICTY VBEDENWAMCP IZ X BEBRARICKIT
TEEZRN L. P IZXBHE1 D ORBRERICRIETY VEBE | @BOENVIC
KXBEBIC I g-AEA>-3P & P A TELLIKEL, oy~ H1EA>-8P & 9P
RS o~ EA -11P~13P RO THRDNEIho/. ZhbDI EnS, A¥
A UDEEDY CEEE | FHOEVHMCP KK BEBERICRIZTHEL. 2FF0Y
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SRR 3 EM S AEOL S ARV EERKELMEREOX ST VBRI
DURVISERB ENELIRB EEZ SN,
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HAE IRIHY BN LEEEE
YA X LD

F1E WE

AEA ERDTHERALCT N DORABEHEEAD LOT Wi, ik
TEAES I RIVELTERADS600mmDIDA REFELUTHEELTVS,
HEA T ENVOEBREI LI YA ZITELTRE—TH 0., —RICI DI
DULEEEY DEBEIEINY A INKEL BB DICHENIEML (Acki and
Kako, 1983;0n0 ef al.,1975;Sabarwsl ef al.,1969), x-Ht1 > EBIZ/NSI
TN XDHDDHEMNELVY (Davies and White, 1983 ; Ekstrand es al., 1978 :
McGann ef a/.,1980), THEDI EMNDL, k-H¥A LRIV XeXET2
EREREEFZI SN, LHLENS, MCP SENI I Y1 JICEET 2014
MHB. TZT. DAL IEINOI I YA XEMP SEH DT MCP 2216
HNEA EEREDHICHEBNH 2NENERTTEEDIC, BODEOLXGEEE
AT X2KR, FBXONIBVIZHT, TNENDOHE A R E MCP
WRENEA D SEEEBRTDHEA AARERAND EEHIT, MCP 2N 8
INZ B DY X434 7% Sephacryl S-10000 S AZ2BWE=AI 7o NS5 T7 4
TNz,

B8 HEERSLUNE
1. hEA I RIVSETRE NCP IS IV DA

AEAL 2 ENVBELDBEOREDENVICED SBOI VY1 X2t 3
BHE, RINAFYAL U EOEANSHAMLU =HIEA 2. 8,000xg. 19,000xg BLY
77,000xg DIET 25°C1 Bsf, BENISEOLEEZTo/. Ry NMROTEEBM &L
THESNEZIBOIIESZZTNTNKR, PBXUNI I ELE. ZTOHDS
TV A Xhd, Aoki et 2/(1983) DEFEMBICLZ2HENS. K. FBXUNSI
TNV OEENENENEIC 150 nm LA L, 120-150 no, 90 nn LAF DRIF M SHER S
NTWaHDEHERINS, .

3 DD IEIVEMNIFINEH, Jenness and Koop (1962) DFEICIDFABL /-
ATIHAFE (SMUF) 2L 9 kHz T30 HOBEHNEZTH> TH#S 8, h¥1
I BIRON A B SMUF 2 N4 T 2. 5%ICFAE L 7=,

MCP ZIE VNIV ORAEI, 100l DA IS EIRZ BB LANS 1.5
MBI DAL UL EIT MDY EAYTALLLZTA70ER Y NTH
LTiTo7z. pHIZ 1 M/KEE(EA Y I LBIRT 6. TICERE L=,

2. HPLC

&I VNI XOERIRAEA VROMREBET 2720, 1 F 2 THE—R
HPLCZAWTHE2ES I ERARICT o L MPEBEH LA 2B EEROBIEIR.
TWVEBE—RHPLC 2 ANTE 2 EE 2 fi L ARICITo .
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3. TEINMEAEA L EANDODABLIVERY VOEE A

SEIWVEAEA L EANTTDLABIVER) DEEIZ. hEA 2RIV SEIKE
25°C. 100,000xg T | BEBELOSEL THEMRZDT. AFEHEPOLYTr &0
WO LBEUR) CEZBEZREL. ZOEESBREETOIENSELIFINTK
®7= (Aoki, 1989),

AL ERBOBERI IO NVY—)ViE (Aoki ef al.,1983) Tirorkz. AL
A 170-30 BFEAKEF (AN 2HAWTER L=, (Aoki ef a/.,1983),
) i3 Allenik (1940) TEEL =,

4. Sephacryl hSAva~xboS574—

Sephacryl $-1000 A5 AL 0O TS5 7 4—03, 2.2X85 cn DH T LZRAWN,
WEEER & LT SMUF 2T, IBEIXER (22-25C) TFo/k. MERRUASR
TERWT3 N FELk. 7O NI 5T 4 EREHIC SMUF i) ZEBEAIIN S
D ADIEBRNELC BHEMNH S/, Reynolds ef al. (1994) DHFETEHIEA
CMBSRBUIEAN T TARAFTRTF RE 0.02%BEIT/RD L DI SMUF IZmA.,
I5IU BRIV LADORREER T8 SMIF OFBEKEFICTHA L. B
BERIELTT 2T MU L% SMUF IZ 0. 05%ERINL 7.

ASATHEL I vNSBEREZSOL LS50l DD 7 57 > a > 2ED .
FED.2MIITVEE3F NI D LBKREMAT 280 nn ORNEZRIFEL .

F3H HRBLUVEER

SENEAINITILE) EENI T XIS THENT S ZERELA
5NTWVS (Aoki ef al., 1983 ; Ono ef al.,1975 ; Sabarwsl et al.,1969),
SEIDERERD Table 4- LITRLZE DI, SENVFOIEZNEDIN T L EE
B ERBIIASHS/MIRIDIEIZEN 7.

Table 4-1 The contents of micellar Ca and inorganic phosphate (Pi) and
MCP-cross-linked casein in large (L), medium (M), small (S) and
MCP-increased micelles.

Ca ~Pi MCP-cross-linked
Sample (mg/g casein) Casein (%)
L micelles 36.6 16.2 56.8
M micelles 34.1 15.0 53.1
S micelles 31.2 12.6 46.7
MCP-increased S micelles 36.5 16.1 55.5

YA DM BBEHYA D EBHRESRBEZRETDIED, 6 MRETHEESEE
HEA IR IVBBE—RIPLCZANWT. BEIKE LT 6MRFEZ ST SMUF
THEHL~E, Fig4-11IC6 MRETHEIEZRK, PBITNIEIILOBH/NY —
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SRR, $2ETEALEZELSIC, FEMNIA LA >0 NP £EREHT, F2
BESETNENONEA Y ERETHRE NS,

F1 F2

Absorbance at 280 nm

Retention time (min)

Figure 4-1. Elution patterns of L, M, and S micelles disaggregated in 6 M urea from a
TSK-GEL G4000SW column. Flow rate, 0.5 mL/min ; eluent, 6 M urea-simulated milk
ultrafiltrate.

A1 RRIEA A TBE— R HPLC ZAWTHRIE L=, Table 4-2
WRLELEDIZ, - B UEBIII B HA XAUNE K BB DITHEWEEIL 7228,
ag;—r O~ BLUB-HEA EIOEWNIE, K. FBETNIBIBThESho 7%,
FITBRIZEDIT MCP IZ&X > TEBEI NS HEA Uidag-—as—>p-HEA DR
TEL, k- HEAL MNP IcLk > TEBE N (Aoki, 1989), MCP EBEHET >
&P Do~ EA ko1 BRI METHIHES I RIPOEN
£0&L. B-HEA DM o (Table 4-2, 4-3), LWL 5, K. £8
NI BIVEIZBNT MCP BBA Y1 D E2EhF Dog-. Loag-n BLKUB-HE
14 EBDEZDLITNTH- .

24



Table 4-2 Casein composition of large (L), medium (M), and small (S) micelles.

Casein (%)
Sample s o B K Y
L micelles 38.7 11.2 38.4 7.8 3.9
M micelles 36.1 10.7 37.3 . 11.4 4.5
S micelles 36.2 9.0 34.2 15.3 5.3

Table 4-3 Casein composition of MCP-cross-linked casein in L, M, and S

micelles.
ag-casein ag-casein f-casein k-casein
Sample (%) (%) (%) (%)
L micelles 50.5 16.4 33.1 0
M micelles 50.3 16.5 33.8 0
S micelles 49.7 15.7 34.6 0

HEA I EIFHOMPEBLIES > EEHESRIZIJ O N S T7DOE -7 EE
EEEZ DAY OB ERENSEHR L, K, FBIU/NIEIVITBIT S NCP
BEHY1 LA HERIZFNTNG6.8, 53.1 BXU46. 7% THolz. S5HIT,
DF>ard14h 20 3ORA RRY a—AilidHanNZ¥—23Fd3IvILED
RIVITRENST, ZDTEND, MCP BEBHEA D EEHRDOEEEIR. 3 &
WA XMKEVWEFEEBRNWEEZL SN,

SRV XICRIZT M LRIVDOEEERAND D, MCP ##ims8/z/h3+t
IWERBL TERETo . MP 2SI BAAIVIVICEENSIENEDO LIV
DULEER) CEBIIAI BN EFEEIEVMETH >/~ (Table 4-1). MCP Zi¥
MEBEAEA I EINDOMPEBIES CEEGRERDELRI BN EIEREICIE
VWETHo . BEA I EINOTA XD FZFA57-% Sephacryl S-1000 4
SAhERWEI O NT 574 21757, Creamer ef al. (1984) DR & Bk, B
DAL IR A RRY 2— A0 SBERREVESELTEHZI
7= (Fig. 4-2)0 KX BIVDBEH/INY — D I3/NI BV EITHS MRS TV, MCP
ZEME NI IINOBHNY—VBMI VIV EELYUTWE, TNSDHEE
ME,INIEIVDMP LX)V EXRI I ERFICHEMES B EEIEINY1 INE
LN ENS, IV TA X2 MNO—IIVTRERERII-ITE1 > THS
ZEDNERIT SN,
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1.2

—=— L micelles
—0— S micelles
1.0 —*— MCP-increased S
——  Skim milk -

Absorbance at 280 nm

Fraction No.

Figure 4-2. Elution patterns of L, M, S, MCP-increased S micelles and skim from a
Sephacryl S-1000 column. Flow rate, 35 mL/h ; eluent, simulated milk ultrafiltrate.

WY N7 BOEARIIAREEHETEDNS, ARICBIS I HEL 2
DRI T O LS ICHRICERHENS, Tihabb, HiLRENLZIIN/NE

(ONW2hZERE LS CEETH HEA UBREE->THTI IV ER
D, YT7IENVEEEL. WV ULEER) ko TRESN, S 5ITEEBK
SRfmENs. 73 IVIEHEA RS EREBARE—TH 5, HEA > AHIMCP
L& THES U FHO) VREZNLEBEINS L&, INVJ/NEATERL
AN LEERY D EESHEERBEICIESI D) DBRICKDEEZ
ENTNB(FAK,1993). ERLEEDIT, KRIENVOHINICTLEERY D EE
BAAIENEDENSTZ. TZT, MCP ICKDBEBEEZER T DEEZ 5N D04
oy BLUB-NEA HEDDOHN T LLER) CFEEEHTSE. K2
DIERY > SB1318.3ng g h B> THD (16.2/(0.387+0.11240.384)) . FEIHE
WAL 15.8 mg/g hEA > (12.6/(0.36240. 09040. 342)) &izoi=, TD
ZERANIAEER) O-AEL 2 DOZNTTI N EHR-TEAL 2N
PG TI N TLOENEMAZEOZ L 2E%T S, Van Dijk(1989b) {31
DHRXDH T, UTDLIICEBRL TS, MCP DA F >0 SAY—DENH 55—
EMEICEEE L /2 & & MCP OB R B CEERNICThI. 21 2dinny
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TIVITHIN T LA EERY OPBMDRAEND &, AT VRENTTI N
ITHARE DK ERFICEET S, NS5O ENS, - IEA RPN TT 2
ENOBERZAN S ITAEER) DAOBVWRIINEIOMEI RS EHBIN
7—\-0

B4E /E

B BTHEA I EHEAL >IN ELTER 2055 600nm OI 01 REFE
LTHEELTWS, S EIVEIINIILAEER) EBIEIENNKRELRSZDIC
AL, T VERBIINEIBRIENDOFNENIENS, - HEAL 2RI
YA XEeFEBETIEREREEZEZISNTNS, LHLARNS, MCPEENIE
VYA LB R RIFTAREENH S, TIT UL 2O EIYA
ZEMPEEHANIIMPEBHE M LR AREEEORICEABRND 2NENER
HT B0, BOSBOREEATI I ER, RBINILIVITHT, Y
4>ﬁ&&MP EEHTA S ABEDHEA D HERERARD & E BT, MCP 2
/NI N DY A X4H%H % Sephacryl S$-1000 7 < b5 7 4 THRNZ.

- HEA ERBIZI BT A XANE L BB DICHENEINLIEAS, oy og-B
KOB-HEAL EbTMIEILE. K. FBEXVONIENVICBITZHEL D
MCP BEHEA S R2AKERIZITNTN 56.8, 53.1 BXULN 46. 7% TH o7z, MCP
PRI EAENAIVIIIIEIEAIL S L EER) DEEBNKI IV EEEI
HWNETHD., MCP ZEBAYAM 2B BhEEDELRI BN EFEITENWETS -
2o HEA I ENVOYA XDOHHEFRARD=DIZITo 72 Sephacryl S-1000 5
LAERAWEZ2ORNT I 74 DERIE, KIBVIVDBH/NNY—2ENIEINDING
—MEHSNIRE->THED., MCP 2BIME /NI EINOBEH/NNY — 3N
WEELLIPITWE, BALE. /NS EILVDOMCP LRIV ZRIENERUCLRNIIVICET
WhnxgzEEIINYA BB LRI EMS, ST X2 MO
— I BERERZ-IYA > THBI ENERITFENE,
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BHEE TJHYHIEAUIBNOIBIVEY DR
FIW T LR E I )L ORE

B8 S

B DRI R E MBI ERNR I T AMERETEICOAES THEXNT
EM, T LIBT3 HRERIEDTHORN., TYOIEINEHEL 1 ghizh
KEEND AN TULAELER) CEBIZFNTN45. Tng & 19. 4 ng EHEINT
BY, ZOERYIOIENVEIEL > 1gS=DOHIN I IAEEE) ESEN
ETNEN3.0ng & 1. 1ng THBT EEERBEEL L (Irlan ef /., 1985),
THHIIBIT B I I EAFHEBOEEDS X 0’ Connor and Fox (1977) &
Holt and Jenness(1984)) ICko THRETINTNBN, HS DHERIZTFREIC—FKT
BDHTIERN, TIT, MREEFEETICBITZ7NVEBE—RIPLCZAWN, 7
FHEA I RINNEMP EBHES G5B EDEHL. DIV TLEER) D
SEERANRE, iz, MPEBIIHEA I I OBEHBICEERBREEZR~-L
THBD., T EINORKE. FITILNVORKEBEBIKEREEEZRIZFTIOT, 7¥h
A1 I OEBMEEEIZIONTHHANE,

FE28 HHREBLUAE
1. E#EE

THHIRLBEOKRI— I vy —HE1IEDO I THE (RI—I o y—HESUR
L—AfE) MNoReotis 3 EREROELEAW:E. FUIIFINAY 1 & 20 H
DEALBAS 7NV TANSER LU =, FALUAAHER 50l IZid. 75X 20T
KAEBEABNMBENZADIED 0.l gD ) 14 EY—EFRML =,

2. hE14 I vINOHE

AL I EINVRAREZ 25CT 4 BRERELEE, B 008 EZEANT
100, 000xg T 1 RRIBRELSHEL THE. BoEHEL 2Ry MIE 2
EELIHEFRRICHAB LU UMIFICEZEBICER L. WA BEE 2 4%I12A
BLEE BTHIEA I BNZ2ESED, 10IMIZRBEDIZ2-AINAET IS
J—NVEHLA BERICMAT BCT—BERELE, 93 HEL I IO MCP
BIEHYAL LA HEBEHIESD/-0, EDTA-2F MU A 5ng EEDTA- 45 RV
TASNE BT HEA I NEBKRI L ITMA =, — K. TI¥HELIENLD
MCP ZBiBH Y1 otk MEix 850, EDTA-2F MU A 15 ng & EDTA- 4
FRUTAL U g BT AL I RIVEIK ol IZINZ 7=,

3. YIViBBE— K HPLC

FIVIEBE— R HPLC 1358 2 E5 2 SiERHRICITo /=, P, EEIT Jusco
Gulliver Series ¢ PU-980 R 7'& UV-970 BURHEE TR I N, BT AL TSK
H—RHA5 AWy (6.0.mmX 4.0 cm) 2235 U= TSK-GEL G4000SW,, (7.8 mmX 30 cm :
RV ) ZERAW, BHIZWBCTHI . 2 FIVOAHRIC. USMUF 253 0.5 mL
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/T 4 BB ERLE. BPA I VAR | ol I LB UKLRSE 0.6g &
2-ANHTRIZ =) 2ul(10mM) ZINZ 7z, B> TIVIRIE 25°CT—BRRIFL
BEABRNCAS TS T4 NI —(RTIAL X 0. 45umiTEL, 25ul ZEALK,
MCP ZBiB ¥ 1 S ASKERII/ O NSO -V EEMNSEH L,

4. 2hEAL U DONEE

eHEPA R TYETLOELER N I MIEEEToH 4. 6 ICHRE L THBRILERE B,
IKEEAZKEMAT 0.1 MAKELF FU T LABIKRZ pHN 7.0 ZBARBRVWKDICER
EIHRALITMATERBL, BO I MEBTH 246 ICLTEILEER, LRLE
EHYA K THRELEBREEDTIY ) IV TR THRELE.

5. BHICE->THRELEAFTPHEA VDER

ZRENE 5C T2, 4, 8, 24 BERMIEEL =42, 100,000xg. 5CT 1 K. @=L
SEEETo T, BONELE (L) POLBESEEFIINY-INETREEL. £
LEEIHEMABRICENET CEBERSEBZELSIWTABERTONEr VBERE
L., SNICH N BHREREK6.38 2R THBPONEIEEELE,

6. 12N

BREBEOEEBEANNICTLABIVER) CESEOEBIIFELEE LH LRI
1o/, 2B, I T ADEEITIE AA-855 BIEFIRIED I LESH (vy—L I
TYwia) 2RWE,

B3 BRELUEE

Table 5-1IC T EUIHAFOLEBLRIENWEDOHEL >, AN TLABLDY
EWYCEBERLE, TYHLOEAES DERRVIADENKDEN D2, T
YHDITIVELIEA ERBIT 3.471~4.01%THY, ZOEITFEALDEL 1.48
~1.BETHo7. EANI TN, B CEREIVIEDOHIIN T A, EEY
CEELERTIUNFAIVEL., SRIVEOAN I T LAEEIT 2.21~2.62 15
Thoke TIHMEALIENOINIILERIE. Y HEL I LD
LR399 mg /g AL TH/=DITHL, 47.8~56.7 mg/ g h¥1 > Tho
7o ‘

HAEA I RIVPDOMP BBEIYI R hERBEERTHED, 6MRFEE 2-
ANVHT LY ) —INTRITEBELI=T YL I IV ESIEBE—F HPLC
ICEK D USMUF THAH L 7=, BH&IEFig. 5-1IZRLAELDICFI ES & FLESIC
SEENE. TIIEA I RIIVICEDTA Z2INA B LT hEA > LRI (Fig. 5-
1Bovine b) Fl B4 AH% U7~ (Fig.5-1Porcine No.1b & Porcine No.3b), 2O
ZENSHETRNZESICF BRI EA I IO MP BEHEL > AE
TH5, FlEMNITTLDRA RRY a—AIZBEHINSEREDZ2EH, TOE
Bl UL EURTTITENWIENSTIHEAL I EINDONMP EBELIVEL VL
BEOREENIIODENIDBENWDHDEEZ SN, NP EBBLIET 28K E
BEIOTNTST70E—JHEBENSRDBE, THHEAL IO MCP 4EEH
A EBhERIX 76.0~80.4%THD (Table 5-2), VI DFEED 56 %REL
EERTELLIEN ST,
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Figure 5-1. Elution patterns of porcine and bovine casein micelles disaggrégated in6 M
urea-simulated milk ultrafiltrate (USMUF) from a TSK-GEL G4000SW XL column. a :

reduced casein micelles ; b : EDTA - treated reduced casein micelles. Flow rate was 0.5
mL/min and USMUF was used as the eluent.
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Table 5-2 The contents of MCP-cross-linked casein and casein monomer

separated by high-performance gel chromatography from porcine and bovine
casein micelles.

Sample of casein micelles MCP-cross-linked casein Casein monomer
(%) (%)
Porcine (No.1) . 76.0 24.0
Porcine (No.2) ~ 80.4 19.6
Porcine (No.3) 78.6 21.4
Bovine 56.0 44.0

Porcine milk ( No. 1 and 2 ) : Casein micelles from porcine milk of Large
Yorkshire sows (see Table 5-1).

Porcine milk ( No. 8) : Casein micelles from porcine milk of a hybrid sow ( a
cross between Large

Yorkshire and Landrace swine ) (see Table 5-1).

Bovine milk : Casein micelles from bovine milk of 20 Holstein cows.

TIRNEA I ENDOI NSNS T LEER) DEBNEN =T &1
MCP EBZZLETVVAIAEA IV ZRABLEZEEIEVILHOIINI T L
CEEY EENEN oI EE—B LT (Aoki ef al.,1996), L7=28>T. 7
FREA I RINDOMPEBHEL DREASENZN I EEI I EOHIILT Y
LEEBUDEENZNIEITEBZBDEEZ SN, T, TH¥HEL IR
CEBEBMNENWCEHBERD—DEEZS5NB, Gallagher ef al. (1997) X
AL 1 ENHEODY CBENRS B THEDOIIH LTI HEL > Tik 6~8 &
THHERELTNWDB, TIB-HEAIAEL 1 BRI VEEEZ 6 @D S
Wik 8 E#FD (Alexander ef al., 1992b ; Mullvihill and Fox, 1979) 2%, 7 IB-
AL RS BETHD. THa,- AL 31 EIH 15~1THO) D EEREZRFHD

(Brignon, 1977 ; Alexander, 1992a) DITMNU. U au-HE1 > TiX 1T H 10
~3ETHZ.FHRATRI— IV vy —BOEANSELSNEAES IZEENS
VU BERBEERLEELIA L% THo R ZOEIZIIHEL PO CBEES
BN0.80% Thoe & EERTHSMIEN DT, AT, FMETRXRL DI
B& DT HEA RS MCP ICK DB NBIEF IS o, ag->p- 1 2D
JE (Aoki ef al.,1989) THV. ZOEFRTNTNDOHEL VIZETNZU LB
EENEVWEEZ>TWD, ZOTENS, TIIEA L ZI T HEA IR T
KFOMCP ICXDEBINTPTNHBDEEZI SN,

MCP ZREHEA 2B0RIENIEA I NV OEENICRIZTHEL. BICTHA
KEBTIHEL > OEBBICHS5ND (Aoki ef al.,1996, 1990, 1996), T T,
TYHLEBIBAEL I RINOBRHBBEIIOWTERZTo /=, TYALOAEN
1B BTCITBNTER AN/, Fig. 5-2 ITRLELDIC. THAB
KOT % 5CT I~UREGBHAITSE &, U OABEIE1 ERIIH BRI
FRITHEML 201U, THYATIZhThREmlL hBo shiaho/, T4
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Figure 5-2. The serum casein content in porcine and bovine skim milk incubated at 5Cfor
2-24 h. O, porcine ; @, bovine.

DOHFE BHANT KO AEAL I INM BT ZABR YL I MP SENS N
ERAT S (Aoki, 1990), L7=Ao T, HEAL DM BEBEBHESL D ELEHSEN
BN ENT I LA OBHBEHEEZINH L TWAbDEEZ SN,

FATE ME

TEHEA I RIVORDHERE NP BEHPA EEHhESRERANE. T4
LOIEIEIEAL CERIZ AT~ 0TB EEAFDENEDEZL, T D 1.48
~1L.TETHoMk. THHLDEINI T A, EEE) D EIENEDHIN T A,
ERYCEBVELTIADFNELNTEL, IR EOER) S SBITY Y
HD1.53~2. 035 TH o7, 5CTTI~UKEOBAICLVEET STy A
CERIZHDTNTHo., TIHEAL DM BEHE1 2 AEHEE% TSK-GEL
G4000SW, 11 S L& VY, HBEEK S LT USMUF 2 AW=4 )L BiBE— R HPLC T4
BMLULTERBLE, T7¥HEA I POMP EZEIEL > 2EKSEIZ 6.0~
80.4% LT HEAL I END 56%KITLREN ST, T, THYHDOHYEAL &
BEOHFHITHRTEN o2, TIAEL B HEA S EERRTHPIZEDE
GIZBRBEEINCT, £ MPEBHEA D LEKREENZNT ENBAENICL S
HEA > OBEEENEH L THWASEETH 3 LRI N,
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EEE THANTHYA LIV BITEI LI
B E SRV S BH LS WIRRETY AR

S8 #®5

B Kruif and Holt (2003) 1%, J 1 o DORBZRMEENT I VBRI T D72
W Ti<, LB TITON S Y1 S EROARMEDN 5 V2D LAkl Bk
LTWBEHRLTWS, Tkbb, 1 IV FEFITANITLEY
SHEEBIR T AEDOEEAE L THEEL TR EEZ NS, HAEBWORIZ. &
FXELBICBVWTHEA CERBENNITLBIUER) CEEBEOBIZEN
EDOEBEMH S Holt,1984), RENHE WS v MEUHFOARIAETL >, BT
T ABLIOER) VBENEL. —F. RENBVE MU TIHEN., AIEICS
WT. MCP BRI YA RBKEBNIVAYA VI ENKDTIAEL 2RI
TELLILENWI EZEHSMT L (Uneda, 2005), 73 AFALOAILIBIIZBWN
Ty IS OLEER) DEBEEZLEEE, IV OLAEER EHEL >
IENWICEL<TDAENS (Aoki, 1989 ; Acki, ef al.,1996), V > E{LDRBED
BWHES TR E{EOEBEMENIES L DMCPIC X DEBETNLT 1 (Aoki
etal. ,1987a ; 1988 ; Aoki, 1989). TH¥ HEA1 3V CBEILOBENRYHEA >
ELRTEL, APHNITLEY VBEEEBHEN, £, T¥HEC I ENE
TIHEA IR EERTHANIDLEY DEENE W (R &HIL, 1972 ;
Gallagher ef al.,1997), TN 2 DD ENTI YA > IEIVFD MCP Z2EH
YA oLBRERNEWEREHREINS, FIT. T¥HEAL IO MCP &R
BhYA LB EREENZVDIER. HE1 20U CEBIEORBENTNI LITXK S50,
HIVII A, EER) DEENFTELTWEONEHSNITERED., T¥HEL>
ETThEA VBERZESRSFCICLT, AV UL &) D BRIBENERS
ALIENZRBUL. I VIELIEAL D ENPEBHE A 2EHSEERIEL .

B8 RRBERLLUNE

1. 2hE41ORH
RKI—>r—BOBEANS, MELARICLTTIHES Z2RHAL L.

2. AThEA 2RI DFESE

AIHEAL I INORABMIBLEE LHEREICTo R, ThRbE. 2hE1
CEBENIRITRDESICI MAKEEF NI TLEDLTOMATEME L, T
DEZpHMN T 2HBIBVWEDICL., BREZHZ6.7TICRAELE, 2hE122E
VIR TeHIVPA VBRICII70ERy hE2EAWTEBKZBE FEETML
BT EICEOBRERE, @OF1 VBRI 100ul OIMZ T B3I AYY
L 500uLl 0.2 MEIEHILI A, 600ul DO0.2MY CEARHIVDLE. R
¥ —5— FTRBLUANSIMA -, K250l O 0. 2MBHNITLE 125uL
0.2 MY ERKEHU DY AZRKIBEN Table 6-1 IZRLEEERDZELSIT 15
SERTIA . pHZ 6. TICHABLABI YA Bk E 100l 2L, BB A
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VI A, EHY ?@Bi(fﬁlyﬁﬁ@%ff@?%fﬁﬁ%h%ﬂ 2.5%. 10~40mM, 12
~2T IMBELTNI0 mM & LTz, :

Table 6-1 Calcium, phosphate and citrate concentrations in artificial casein
micelle solutions

- Sample No. Ca Pi Citrate
(mM) (mM) (mM)
1 10 12 10
2 15 14.5 10
3 20 17 10
4 30 22 10
5 40 27 10

3. TRIELAESDER

VDT S OERIZE 4 EE L HERERICTo k. TRDE, S RIVES
YA UERRBENEL D EUBEIEA CEROEE > THEH L. AIEHOD
YA CERBIZATHEA > I RIVEHRE 100,000xg T 1 B 25°CITTRE O BE
BN, BEOLEERPTADBABEHOBREREZI /0T —IVETRHER,
Ty N BRERE6.38 2R UTRYE,

4. 4IViBBE— K HPLC

HEL I NP OMPEBHE A D LAKRERIIE 2EE 2H LEKRICTIVE
BE— RHPLC ZHAWTHEIE U/ /2B HPLC I Jusco Gulliver Series @ PU-980
BIR S & UV-970 BB TR SN, 115 A1 TSK-GEL G4000SWy, 7 5 A (7. 8mm
X25cm : Y —) AW,

5. SERIEDESA DAV VLEY VDER
AIAEA >3 EIV%E 100, 000xg. 25°C T 1 KEBE LD BEL THERZD T,
HEA . ANV T LABICERY S RITNTNELEB LB ERRICERL .

£330 BRELUEER

ATHEA DI VIVBHEA BERICHEEIN S D LBKRE) VBIKEAVD
LBEEMATHEREER, SVNEZHRSEDLEE, FAOAFHREEHLDTEA
WEBETHAI10mMAINITIA, 12 MY >BXTI0mM 7T EIZLTD, It
WFEAERREI NN, Fig. 6-1 IIRLELSIC. IS RIELIESBE
2. TAHEA BT AELED. AV TLBENI0 MM 5 20 mM,
EHL) D BEMN 12 M A S 17 oM IZHEIT BRI L THLEMNTEMLZ. &5
12, AU OBELEZLDTEN, IV UL 30 oM. EEY D EEAT 22 mM &7
BEIICATI BN EZRULEE,. TIHEL BT HEL 2 EDH I0%LL
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LOIEA ORI LN ERRELE. THZATHEA YRENETSATIATY L2
EIVETI RIMED 1 CERBOBWIKIZE A E M5,
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Figure 6-1. Micellar casein concentration in artificial porcine and bovine casein micelles

solution. O,

80r
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Micellar casein (%)

20

porcine micelles; @, bovine micelles.

°7 1o 20 30 40 Ca,mM

12 17 22 27 P. mM

Figure 6-2. Micellar calcium concentrations in artificial porcine and bovine casein micelles
solutions. O, porcine micelles; @, bovine micelles.
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SEVEOHN I AEGBIITIATATYA I BN ETIATIHEAN IR
EHHITT A ESESYD BRBED LRICHENEEML /2. Fig. 6-2 ITRLIZX DI,
SENEOHIN Y ABEIREDHNIIAEY CERBIIBNWTHTIAILE
AIENETATHEA VI BIVETIEEAEBNIBREEI NN DT

MCP 2B 1 BB EBERETSED. 6 MREEL 2-ANATRIY /—
N TCBABEIRETIANTIHEA VI NV ET I ATAES 2 ENVOTIVE
BE— R HPLC &, WEERE LT USMIF Z2RNTITo /2. TOBHIGRE Fig 6-31C
S, BIETRAEL DI Fl B NP BEHE1 28R THEREN, —7F
FOESIEZ DOEA VRO DEBFETERENS. TIATAEL I INOY
>IN0, 2. 3. 4 BETU 5 DUCP BIEH ¥ 1 LA ARSEBIZZTNTN 26.3, 44.9,
66.6 BL 68. 7% THD. ZOBEIITIATHEA D EHNTELLIEZN o
(Fig. 6-3).

F1 F2 F1_F2
T f T U
Porcine Bovine

Absorbance at 280 nm
L;

L

-

20 30 10 20 30

-
o

Retention time (min)

Fugure 6-3. Elution patterns of artificial porcine and bovine micelles disaggregated in 6 M
urea from a TSK-GEL G4000SW column (7.5 mm X 60 cm). Flow rate, 0.5 mL/min ;
eluent, 6 M urea-simulated milk ultrafiltrate. a, sample 2 (15 mM Ca, 14.5 mM Pi) ; b,
sample 3 (20 mM Ca, 17 mM Pi) ; ¢, sample 4 (30 mM Ca, 22 mM Pi) ; d, sample 5 (40
mM Ca, 27 mM Pi).
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Figure 6-4 MCP-cross-linked casein contents of artificial porcine and bovine casein micelles. O,
porcine micelles; @, bovine micelles. MCP-cross-linked casein contents are represented as the
percent of total casein.

TENEA Udog ag B-BEUk-H¥1 > THEREN. ag- ag- p-HT
A3 CBREZETNEN 8, 15~16. 8 BEE. «h¥1 Y VEEERER
Vi(Gallagher ef 2l.,1997) . U ¥ag- ag— Pp-BEUk-HE1 I3V EBEEEZ
NENG. 10~13, 5 BXU1 @D (Eigel ef al.,1984), TDE ST I hEA
SDERFRY AL D ELRTY SBEEEESTE, BITTFp-hEA1
DV VBRERIIZN, ERIZ, FRETHWET I HES COBERY > agl
LIS T,. UZAEBA D 1.3 ETHo7z. UZHAEA I VILT MR IZEST
BREENPTOHELS Vidogog-D>p-NTEA P DIETH . - BT I3EE
iz (Aoki, 1989). —F, BNICLZBEBEO LTS OEFIZCOHETH S
(Aoki ef al.,1988), ZNHEDTENS, U EENLWELY L > & NP BIDHE
EERANRKDBEIICRZ EEZI NS,

HIEIICBNT, TIBIEAN OB E1 IO NP RS EA1 > 2aks
B 76.0~80.4% T, U AL ELHURELLEN o, TIAFL LI LD
ANV TLEER) DEFENENIEE, TIIELDCEESLEY VEEENS
NI EDBMCP BEHEA D EERERBOENEATH B EEZ 5N, FHEICS
WT.MCP RBEHEA RBHERIIIN I TAELERY D BENRUTH D & =,
DVAIHAEA I RINVEDTIATIHEA I INDENEM - = (Fig. 6-3,
6-4)e COTENSTIHEA R CBEZZIBELTREOTYIHE LY
SEINTHERMP IZL > TEDELBBEINBbDEEZ SNE, FIETHRNE &
SIT, THADHBE, BHAR K> THEL VI SMETIABHY 1 >8I
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O THORNoT, O EWE. TIHEA LI LI TIRMP BEHEA V28
ERNEL, HEA I WMLV BERBETHS L ERBL TS, AER
DUEREL ChAETEL TS,

SBA4E ME

HNTT b, EED CEBLUY L UBBESTNTN 10~40, 12~27 BXD
0w TTYALHEL >IN EPHE T THREL, I RIVERE NP ICXDEE
BRIZDWTHEN, O ATAEI I 0N EE Lz, T ANTHET >
SENETVAIAEL DI ENVERBNTIBIVENEAL > BLXOIEIVED
WU LBRIIFEAEEN RN oIz, TH DM BEHEA 2B HRSERIIN
UL 20 mM. MEAEYD CEE 1T oM T 44.9%, AL T A 30 oM, EHEU 222 mM T
66.6% THo7z. TNEDEIIHETEIVIALIHES I VNDENELREL
R&MoTee Eiz. THNEA D ETIHEA NRFEDY CERBEBTNEN1.18%
E0.82%THolze THHELHUP IZE > TEBE NP TVNOR, THAEA
ST HEA LKD) DBEREELZIFOIENTOEHAD 1 DEEX SN,
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BTE BEVPHEAIRIVOIBIVED DB
AT LB E I IV DR

F1E H®E

RIEICBWT, T HEL I IO NP BEHEA L 25GKESBIIY L HEA
PIENDENEANTEL, BHICE > TAEPNERT 2 HE1 L SBITED
ThINTHBZEERNE, WA, AVIILABIVOER) CSBIIFMOD
BIZLoTERZD (Holt,1984), B DIFALENSBONELTOIEILESRBE
ANTTABEOY D EBEDMICIIEDHBEEGENH S EEDNTNS, VD
HIIFALHERTEL DAL, AN ILABLOY D 2ED, T2 TEYSH
CAIENDEMP EBHEA LEhE2HEETHEEDIT. BHIC K - Tilrlk
THRIABEIVY1 O EBZ2HIEL .,

F2E HEBARBLUAE

1. H#EE

BALIEIVF VRO LY OhSFk Sk L BRI OFBALE AN, 720
£ 20 HOBRNRY A VEOBAER VL, TSR VEREMILT B0
BLAEZL 50 mL IZHL 0.1 ig DR T3 DBy —2MA Tz,

2. hEAZvINDOSE

AL I EINVIEEIEE IHEFABICOELE, MCPEBH YT 2545 E
ZRET DD, BoNEAVTL I EHEA D BEMN 2.4%I1285E512
USMUF IZESAE L7288, 10 M 2-A NV AT hTy =)V ZHEMLT, FILEBT—R
HPLCIZHEL 7=, MCP BB 21 A B2 M 8501 I IV AK L oL
IZEDTA- 2 FhUD LS mg EEDTA-4F MUY A 8 ng 2NZ 7=,

3. 2hESDOHE
BAEE LB ERRICITo R,

4. JIVBBE- K HPLC

FIVEIEE-RIPLCIIE 1 EE 18 & AT 2. /R BHPLCIX Jusco  Gulliver
Series M PU-980 AR > 7" & W-IT0 BIF ¢ 57 ¥ —THER N, B T Al TSK-GEL
BioAssist SWy (6.0 mmX4.0 cm) 2335 L 7= TSK-GEL G4000SW,, (7.8 mmX 30 cm :
BY—) &R\,

5. Ak > THHTICEBT 501/ OER

AR E 5C T 20 FrERIF L%, 5°CT 1 B8 100, 000xg DBE LD EEZ T
feo LAY A D ERITEEL EHPOLER LN A S EERSBOEI M
5N BHE R 6.38 2R U TRD =,
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6. RUTHIVINT I RRSTTFNERIRE
BLEEIHEFRICT O,

7. {LESH
hEA . AT LABROERY /@"ﬂ:’%li%Bﬁ%Zﬁ“&ﬂ% T o 72,

£33 BRBLUVEBE

Table 7112 2D Y PHIEAFOEHEA > ANTULBIUERY > &
BEIVIEOHEA D, DI ABIVERY DERBERLE. Y JRIEL
100 L PO HEA > EBIZNo. 1 234.46g., No. 2 4.86g &, UHIEAHFD
FNOPLETH oz I P1 DEBIZZTNTNL38g £ 4.76gTHY,
SHEA IRHT B I BN LS > OEIBIITNTNB. 2% E9T.9% TH o7z,
IV TABIVER) CEEE. \twﬁwﬁ»/va;Umwuyﬁﬁ%
FEELDOFNDOE 2 BETHoi. HELHOU VEBESEIZEY DD No.1l A
0.87%. No.2 A%0.86% T, ¢ﬂﬁt4/@%mmow/T%oﬁ

EMRETHEIT I-ANAHT NIy )V TEBITSEEAEL 2 IVE, &
VBT — R HPLC Ic#: L, USMUF TIEH U = . iAH/S Y — 13 Fig. T-1a iTR L 7z,
BILMEINEAYA > I vIVIZFI B E FL ESICHBEIESN. EDTA 2IMX 5 &
Fl B ENE L Fig. 1-1b), LN T, U AEA VI INOHEELERTCELD
1= (Aoki and Kako, 1986a). Fl B4 MCP BB HE 1 > £EHTHERIN. F2ES
IV OBEBETHDHEELLNS, NPREBEIYT 2E64KEEE/ 0T -
75 70— EEMSEHRLEEZA, BV TPDNo. 1 A357.56%, No. 2 A358.4%
THolz. ZOEIXTIHEAL > OENEFEEITELL T,

HEA AT VEBEENALUTMCR k> TEREBEIN, D EDH3BEOHET >
DY VEBEDMCP ICEBEBERICHETHD I ERE L ETRNRZBED TH S,
U hEA EMCP IZ& 2 Tog—>og->p- T A1 DV OIRICERBEE NP < MCP ITX
ZEBEROINDTIORERBLOIEL 00U VEBEEHICHIKBEL TS
(Aoki et al.,1988), MCPEEH YA S LBHREBRBAIAIEL I IV EBRKRE
BREEIVINEINITLEERY) CBBENEWVWEERELIRY, hET>
ISENSBIRICHIN T LEERY D 2RINT 3 ENMPEBHIET EEEFEIR
BinT 5 Z &EM5 (Aoki, 1989), HFOHI T LAEER) SBII MNP I2X3H
Y1 OORBURICEETSENL S,

NATYELOHEAL I EIVFDOMP EBBHIYA ELEHRERIZ65%5T. R
AF4 BOEALDELLIEZN, TR MAISTYFADOHEL > 2IVIZEAIN
ILEER) EEBNENT EICERL TV (Aoki ef al.,1993). 7HEIE.
BEEBETRLEXDITHES D AN U LABIUOER) D SBNFHEENRTE
L%, MCPERIBHYA BB EEBNT6.0%~80.4%Tho/m. TNHDT &
N5, TYHLD NP BELY A L EBREENIBENEZNDIL, TIAEIIE
MTHIV I A EEE) DEBENZLEEN., TV VITHEELEY VBENS
WEHEEZ SN, EYIATIIAEAS > BV PTLBLIVERY D SENE
HEHRK 2 ETHoEICdhnb5$ (Table 7-1). HHE1 > I &I D MCP 28
BHYA A HBREENY I HEA I EINDOENEFIEREBETH- &
(Fig.7-1). Trujillo ef al. 2000) DFEICLD &, PLC ETO—A 2P T3
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“Absorbance at 280 nm

10 20 30

Retention time (min)

Figure 7-1. Elunon pauems or ovine casem miceles aisaggregarea in o M urea-simulated
milk ultrafiltrate (USMUF) from a TSK-GEL G4000SW XL column. a : reduced casein
micelles ; b : EDTA- treated reduced casein micelles. Flow rate was 0.5 mL/min and
USMUF was used as the eluent.

CHOWEICE BTV MR TV —A F ALERSTEERNEERENS, VD
HEA P DEBEMNLog - EA >8P R\ og-HEA 2-10P 553 B-HEAL >~
PR BEU-AEA -PRATHD, UV Dx-AEA 1P TH D Z L&k
FiEtDAE1 BTt 2 ERELT S, L, eV IHEI O ER
BOTAEL DENERZIERIL THo /. ZOXIICEYIHEAS DY
BREKNRRBET. EVPHOIVIVEREA 2 AN LABRUERY VIRE
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MENTNT DRI 2B TH-2TENS, B YTPHEFATIE. S EIHDH
A2 ANV TLARBLOAHY T > EEY D ILAERE LD (Table 7-1).
ZOkD, EVIHEL I EILDOMP EBIEA CEBFREENT I AEI 2
TINDENEREBETH> BN,

Table 7-212 25C & S5 C T RBIGHL 2L ED Y PHOABIEYI CSEE
AU WHNCKVEEEL VP DHFEIEAL >i& No. 1 25+ 50 mg/ 100 mL
TNo.2 2873 mg/100ml TH Y., £Hh Y1 VI BEIEIINo. 1 11, 2% T No. 2
M 14.4% Td > 7=, Downey and Murphy (1970) 1% 30CH 5 5CABAE L= 11 EHOD
VHIZBWT, HBICEHLEAEL > OEIS130.4~12.6% TEIHEN 9.0% &
HBEL TS, INHDOTENE, KA TEBET 2HB A 2 BICIZAGH
EEVCHRTEWMIEEAERVWEEZEZI SN,

Table 7-2 Serum casein content in ovine milk at 25°C and 5C.

Serum casein Increase upon cooling
Ewe No. (g100 mL) (% of total casein)
25C 5C
1 0.08 0.58 11.2
2 0.10 0.83 14.4

Ewe : Corriedale ewes

Fig. 7-2 KbV PAOELIES > BLURHAN SBLENLZAFEIEL 2R
U7 U)NT I REKIKENIHL 2 EZ0REHERLE £V P HEL ldog
g B-BEX-HE1 > THiIREN (zco ef 2l.,1999) . TENDESIKEIN
> RooFFEIL Kaninarides and Anifatakisthe(1993) D HETIro /2. 2B, HH
DHEITBNThoy~Log-TES ONY RORFlIZfTbhTWadho7k, Y
DUTRoar- BT ELTRDENS | DONY ERERHEH, YA D
EIME DN RELTRATBZENTE RN, LCTHHINhEEY
PHOUBEHEA VRBRIKBOERNSFEAER-NEL 2 THB I ENDHM
7. BHNC K > TABEPICEHETIHES D OERDMB-IEL > THB LT
DAL I EIWVERUTH-7=, (Table 7-2. Fig. 7-2). BHIZ K> THIEF
WWEBET DYV hEL CDEIEbERDV I EIFERUTH- . ,

EDERNS, EVPHOIEL Y, IV TABLIVY CEENIIXDE
WIZHDNH 5T, EVIHEAS I RINDOMP BEHYM CAEKEREBHIC
NI BEBENT, TIHEAL I INOFNIIBTNS Z ENREEI N,
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0-CN
O-CN Sup, 5C

BN T2 "7

B-CN

K-casein .[

£
i

B-casein- p-casein

) K-casein
Cgp=Casein {l ot -casein
0, -Ccasein

Figure 7-2. Polyacrylamide gel electrophoretic patterns of ovine whole casein and serum
casein obtained from ovine skim cooled at 5 ‘C for 20 h. B-CN, bovine casein; O-CN,
ovine casein. 1 and 2 in the figure show the sample from No. 1 and 2 ewes, respectively.
The running gel used contained 7 % acrylamide and 4.5 M urea.

BAE E

JUYF-IVED 2 BOEY OS50 1% 2 BREOFEHAEEA TE. ROHER
EHEA I EIVDMP BEIEL DEEEITODNWTHANE, 281>, vy
UABXUERD CEBIZ 1000l ORI PFENTNE Y P No. 1 T4.46g.198.8
mgBL111.0 mg, No.2 T4.86g. 192.5 mg BX117.8 mg T, FNETNFA
D 2 ETHo. 6 M REFEETICBITSF)IIEBE— K HPLC THIE L= MCP
BEIVA EEEERIIETNTENH1.5% & 58.4%ThHD, U ht¥1 Ik
DEFNEIEBITEBL TV, 5CTT 20 BRIOBEANICE B2 HE1 > I2)Vh & EEE
LizhPA1oE8BIRFNEFNEIEL D 11.2% E 14.4%THD, ZOEHEFA
DEEERL TWe, BAC K> THEBET 2 0P VRN BRBEN o =D T ¥
HEA I RIVERBKICB-IES THol. EVYTPADHEA >, ANV TLB
FOER) DEENGFAHLITERTEVIZEIDDHET, eVZhHEL I IO
MCP BB HCA B HESENT D EEML TWEDIZ., BV PH EFHTIE =
TNVFOHEAL 2 AN TARBEIHET > B D HBRBETH- 27z
DEEZ SNz,
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ESE mIEMBUCKDIIVEY VER
FIV D NERE DR

F1E WS

AP OBERIIABBHEHEIEL I ENHBICBWTEHRETEELTNWS

(Pyne, 1962 ; Holt, 1985). FLE2HHD B WIEINRT % LHIEFEOKRBIIEMLL .
ZOELIZBEONBEBERTHNIETAHEN TH 2. 2 EZAIX . AEHAT S & MCP
DO—ERIIRTET DM, MR TBEMP LRIVEDEIRRES. LMALERS, BE
IR INFAGEE TIIRAER T, LD MCP IZBIOBEICELTEI D EEISNTN
% (Nelson ef al.,1989b),

HEBBMBNETEEHVTAL I VNDEEL., «-I¥1 2 2ERDETS
HiFHEA BN KRT 2, ZOHEA IV OBEEIAOBEICL > TRES
1% (Aoki and Imamura, 1974b, 1975ab;Aoki ef al.,1983), BIRTHEMEL /=
HE. BWHTSELALFEHRIGERET S, S8 MBRLBERETITHALEEE
IZHERT% <725 (Aoki and Imamura, 1975bcd)e ZHBHD T ENS, MCP EHEA
CHEIOHEERIIMAIZ L > THEIRBZIENERINS, T T, 2ETIELER
INERIZ XL 5 MCP BRBHE A 2 EHRERDELZRN. SiRMERIC L > TMCP 2255
DRFEBBEEINENEHASMNITEEE2ZBNE L TEREZTH =,

W2E HEEHE
1. HEAORR

HIEY N BBRERIEA (WPF ) 1XKOESITHAR U=, £ 20 HOFIN
A1 CEHEHEALOAAE 1,700xg, 5CTUMELDEEL THIEAL 2B, 0O
JRIEA % 25C T 2 BRI LAY > I v 2 58T 5729 77, 000xg, 25CT1
BEOBEE LDEET . BoNHEA I 2ERIEAOLEBEIIKIC 9
kHz, 20CT 18 DRIOBEFHUEEZTEIEIE> THHEH, h¥1BER
25BICHBLTWFAELE., 2. O—FU—INRKRL—F—ZHFNT WPF L
ZAHCUTTRD 1705 OBMETEMEL TEBE WF A 2ARL /-,

2. InEsne .

MmN IIHBEALZNE 4 m EX ImOHSAEICHA LTI &, 60~90TC
DOMMEBUEITT 4 —F—NRA AW, BEMBABIITAINZIZRENTITo .
HIOAEZ 140CTI1. 1.5, 2HIBLEELEZOMBUBLEETII. TSRAEN
OFRBIEIE 135-140CTENTN 16, 45, 75 POMEANEE L= (Aoki and
Imamura, 1974a).

3. {t29H

AN LN EES) D ERBOBIFEIIEAEE 2E ERRICTo 2. B, I
D LADEER 208 BRTFRADHHES (B ZANTITok&. AFEHOIEE
AL Z B CTARMEFELAZETL 000xg TIBEOBELSEZANWTITS> 7.
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STINEDAN UL EER) DERBBLGLABTHOSENSER LE. 21>
SRIGEERE TBRRLBRICERL =,

4. MCPEBHEA U EERERDAE

MCPEBEHIE1 REREROBIEIZSNVIEBE— RIPLCERWE 1 =5 18 &
FERICITo /2. 728, HPLCIZ LC-5A 7 O~ h25 7, SPD-2A BIfRHISE (Bik) %
B, 535 A3 TSK-GEL G4000SW (7.5 mmX 60 cm : Eﬁ‘/-—) ZTSK SWH—RHES
L(7.5 mmX7.5 cm) 2EELTHW:,

MCP REBHEA B AESEBR 7O NS TDOY—EMEE Swaisgood ef
al. (1982) STk > THEZIN 280mn ITBITFBENEZEB IO E A1 HERM

SEE U7z, MBI TOEER. 280 micBT 381 P RD DN EGRE
BMBIC X > THEL WY (PFEEFFE 1969) SEEL TTFo .

F3H BRBLUEZR

WPF % 60~90C T 10 S OMBNEEZT B &, BEOLRICHE-STI I
DANT T L EEH) SBIMEMLU /- (Table 8-1), 6 M RELETEF CHREx Y
TZAEA 22N ESIVIEET— R HPLC 2 VT USMUF TIEH L. MCP 28 ¥~
/a:nﬁk’&ﬁ%ﬁb?’;ef“tﬂ/\&—/&Flg 8-1ab TR U= 7T ETHRE=LDIZ,
FI B MCP BEHEAL SEHENSERIN. FL BTN EL VB
BENSHREINS, FLESOBICEHINEHIFY >NV ETH S, WFL
D 60~90°C10 HINEIT L > T Fl Eisy & F2 ELMAE O Y — 7 EEHSH Tz
U, BHNRY —BEK L7z, ZhidhE1 > ORBHADOEEAMEIC L > T
BISNEEZDTIRBVMEEZI SN, MCP EBEBEH Y1 26K SBIIRME -
30°CT 10 ZDOMBMIBETENTNGL. 6% & 51.9% E1FEAETEHTEhn- I=.

Table 8-1 Changes in micellar Ca and Pi on heating WPF milk

Heating temperature Ca Pi
T (mM) (mM)
Unheated 20.6 9.7
60 20.8 10.3
70 21.4 10.5
80 21.8 10.5
90 22.1 10.6

Table 8-2 IZ/RU 72 &k D1T, WPF FLLiR#E WPF #L#Z 135-140T T 15, 45, BN
75 DEIMBALET 5 & I RIMEOHI T L EER) DERIIDTMITHEML 2,
MBI O THLEEINBIVIMEDIN T LAEERY O EBOMMNEITIEBIE
WPF O HIWPF FLITHANT R DR ED o7, BHE WPF 22 135-140CT158H 3
Wi 75 B THNRILEE U7z BUBH D HPLC D¥EH/N S — > % Fig. 8-1¢, d iKThThE
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BTRU. BHE WF AO HPLCIZITED WFALRICBEIZRAELDICHFRL TT
STNB T ENS, RINEARE TIIBERICXZ2BHNNY -V ICRIETEENZIEA
EZdoNnihobDEEbN5 (Fig. 8-1a), WFAZEHEL T 135-140CT 15
BBIC T BEMEALZEZOBHNI -, R PR 2 —ATHELED
ONAKELRZD, FlEZ2OE—=I0U T a 74 LADNEKMERETIX 30.8 7
THoEDONRENTN2.20BXO2.6 pEEL RO,

A -~
40 60 20
Retention time, min

Figure 8-1 Elution patterns of casein micelles disaggregated in 6 M urea from a TSK-GEL
G4000SW column. (a) Unheated whey protein-free (WPF) milk ; (b) WPF milk heated at
90°Cfor 10 min ; (c) concentrated WPF milk heated at 135-140°Cfor 15 s ; (d) concentrated
WPF milk heated at 135-140Cfor 75 s. Frow rate, 0.5 mL/min ; effluent, 6 M-urea
simulated milk ul trafiltrate ; detector gain, 0.32. Dashed line shows the elution patterns of
EDTA-added samples. Shaded fraction consists of casein aggregates cross-linked by
colloidal Ca phosphate. ‘
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Table 8-2 Changes in micellar Ca and Pion heating WPF milk and concentrated
WPF milk at 135-140 C

Heating WPF milk Concentrated WPF milk
Time Ca Pi Ca Pi
sec (mM) (mM) (mM) (mM)
0 20.6 9.8 53.5 28.2
.15 20.7 10.1 55.3 28.2
45 20.9 10.1 56.0 29.5
75 21.1 10.3 56.3 30.3

135-140CT 15 BBLU 75 BEMBANETZ L, A1 L3S FRESRRT
TIEMMRIND, TI T, MBLBICE > THEA > OSFRICHRERSIC L
DRBESEPERS N DTN S D, DETA 21X T MCP % FIE(Y L7z,
FIVEEBETE— R HPLC 2172/, BH/SY— i3 Fig. 8-1 KR TRLE, Bk
2% 15 BRIMBAMEBNE VPF AL THhTMICR 5N Fig. 8-1¢). 75 ORI NSAULIE 8
SMNTBEEI N Fig. 8-1d). LMo T, HETRLUEES % MCP 22 HH 1 >
SEHERE L. Table 8-3 iT WPF 7L & J4#5 WPF 0D MCP 2248 h ¥ 1 22 &H#S
B2RL. MHEOMBMLEICE D MCP BBEH Y1 D28 6SEBRBALE, &
DR BIIBHE WPF FLAS WPF FLICTEHERTAE <, WPF 9L & 48 WPF L 135-140C
T 75 DEOMEBNIEIZ LS MP 2B H 1 286 SBIZIZTNEN 5.8% B LY
8.6%WALJ, ZDZLIZ, AZEEMBNIET S E MCP EHY A1 > DS
TBBHDEHRL Aoki et al. (1975b) OHEEFHETIHDTH S,

Table 8-3 Changes in the content of casein aggregates cross-linked by MCP
on heating WPF milk and concentrated WPF milk at 135-140 C

Heating time WPF milk Concentrated WPF milk

sec % %
0 . Bl.9 52.3
15 494 47.6
45 48.5 46.6
75 46.1 43.7

AEARED) VBEZN LT MR ITLDEBESNS (Aoki ef al., 1987a),
AVBERTNILEE NS &, J VBEOERIEE S Fox ,1981), ZDZ&id
MCP LHEA CRICBIT 2 HEZHEEEED | DOFRTHD I EMNEX NS,
AFRICBNTY VEESREMBICLOIES o0 SEHTHNE S DRERT
5729, 135-140°CTHMFILIEL 7= WPF FLEIBHE WF LS E1 > D) a8 %
BELE. AEAFOU S ERBMNBLBIC L DBOLIZZ En S, 135-140C
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OIMBLE T ) > EEOEEHSHER I NS OO, 15 R OINILE TIZEDHTO
THTHo/ (Table 8-4). L7zt> T, MBI S MCP EAEA CHOBEE DR
i) CEEOEMENE THRELLEA SN,

Table 8-4 The P content of acid casein from WPF milk and concentrated WPF
milk heated at 135-140C
Heating time WPF milk  Concentrated WPF milk

sec % %
0 0.79 0.79
15 0.76 0.77
45 0.74 0.72
75 0.72 0.68

TNETMC OBEICEL TRV DOMDBENINTEE., BRIICREEINL
MP OHEBRXBENTICE> TN ROFITNRNIA MEHRETNLN
(Rose, 1966) . BETIIEMBAIN TV S (Holt, 1982 ; Irlam ef al.,1985).
Schmidt (1982) 1Z MCP A% Cay (P0) , 77 S A Y —THERR S N B IR REEDY ZBEA IV >
UATHBERELTBD, MCP EHEA1 U REIDHESIIN 0TI AHE LI EA
DA FAMBIC L ABESHNRHEEERICLZDDOTHLIEB/ELTND, &
UZHHU T, Holt (1982) i3 X ARIRAN I A X7 BIVartr) LIBREROERZEIT,
MCP 3£ L= 7V b (CaHPO, - 2H,0) ICIRBIL 2D DTH B EHREL TS,

U E BT ETINI N, UBAZI AN TN UBNI AT
LABXUNA ROF I 7RI A bOERENS (Schnidt, 1987), AEAL 2, U
BEENLEESICEST, TV USEBAIIANTLBIUNA FOF
ST PADOREZEBMEI TS (van Kemenade, 1989). L7=A3->T. MCP @
HREELIZH AL ik o THIT SN TWBAIREENEZ 55, AV UL EY
VEEESDBKRICBNT, MELEIR) S EBANTLADNA ROFTTNIYA b
ANDOELEMBEESED T ENS. BEMEALLITMCP 2MOBABEELE TS AH
MDdH B, Nelson er al. (1989a) IZ XEREIKREHT 2 VY, 120C, 15 5 DMMRAICK
S TRNEMICEEREEROB-VY VBEEHIN I TANERENE ZEERNWE
Lize L7EHo T, SEMMELERIIZ X > T NP O—ERI BB REE WD
FHEAZTLLLZHDEHREIN.

$48 JME

MEBMENAYA >IN PONMP BB IIRIITEEELARD D, BEkEL
T USMUF Z 7= 4 )VIEiE— R HPLC 2170, InSMLEB L = h 1 > X )LD MCP
WEHYA ke nBELE, LEY NV ERELREALZ 60CTH5 90CT 10
AREmMENET D E, SEIVEOHI T A LERY CBESEITEMU A8 MCP
mEhY( 2Bk ERIZIFEAEDTILL Mo 7. WPF A% 135-140C T 75 B/
MERAIE T 2 &, MCP BB H 1 O LABERIT51.9% 515 46. 1 %A L. BFE
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U72 WPF AT 52.3% 05 43. 6% ~BAD LT, DT CIEBRRMFLEIC L > T
TEA LR DMP RESERT B EETET B D TH S,  OINIAMNE |

LDUCPRIBOMEIIN T A > DY BRSNS L DBBEL S THES 250
EER SNz, BEMBARICE D, H¥1 RSB ELEEL TS HCP DD
BAELTB R INE,
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BOE K WA

Uy N BRALEY VNTBENYA VITKBIEN, T OMERILIZEIMEIC
Yo TRERD. EATIIAEA Ny U NIBEOK % ELED D, AEA I
A TH T ADERY VEBEEEELTHES VIRV EFIENSER 20-600
m OO REFELTHEELTNS, ARICIBBBEN LDV T L EEE
Uywﬁﬁﬁbfﬁb\:m%mst»ﬁuyﬁﬁndGMAMW)tLTﬁﬁf
SO SEEEALTHEALTVWS, FL—FIZRAWTHES X IEINES
WY AERETS ET T IR EREENZ/NMITIZSINDEIENS, BV
AR MCP A T I IRIOBESICEELTBD. MCP SHEA I RIOHEE
BB TAEDOBEERBEEHS> TR EEZLNTWVS, LALRNS. 7
PA U INOBECELT—RLUERBREBLNTSS T, MCP REBICELT
REGEEMNE WV, HEL IO MP BEEFNITEDRD I BINOFEZE
%%mﬁ:&m,?fX%®h€4yst»w%ﬁ&i#btﬂﬁﬁm&ﬁm&
YOFET TS, BUAEICKXERZEZELTVA TN I—INVAEZELDRENA
PAYIENOREERICEDZDBDEEISNTNEIEND, TOMNKELHET
ZESICBERBRELSD. FITERAER. HELIIVPO MNP RiEE
AL I ENOKEEEZBOENMNTITEIIEEZEHNELTITO 2.

TNETOWIET. MCP IZHEA D) VEEEZNLUTHEAS VRS EICEE
BRRL. ISEVEBEOHBICEERREZREZLTVD I ENHLSNITEST
w3, LML, MCP ICXABEBERICHLTHEA ViIZ@EBEOY VEENSKET
HBMN, HOIVITY CEEROBVIEMP KLI2EBERICECEERZETLHO
NEND Z EITRFHSM TR, FITET. MCP ORBERICBITIBZ Y >
BEOBEITOVWTHRNLE, E2ETREMIES O MP BBHET 26
ESIEBRE— RHPLC THEEL. MCP BBH Y1 286 EBRT 2 HET >
HMREFAREEZS, B Fp-HEA -0P~2 REFENT. & Fp-HEA1 >-3P~
5P MEENTWE, T5IT, ZOE Mp-hHEA -1P~4P DTNTNET T k-
HEALEERNWTALII BN ZRALZEZA, NP EBHEA 2668 E
RB-HEA >-1P & 2P TRFEREINT, b Fp-HEA -3 & 4P TR N
EMn5, MCP 2N EA A KRICHERBRDY DEEBIIIBETHI I LZH
SMhicL7=,

XHICE3ETIZ. b Fp-HEA >-3P & 4P, o5~ 1 2-8P, 9P, BTy,
HEA 2 -10P~13P ZHAVWTALII BN ZFAML., MCP BBAE1 2B HEHER
TEHEALORDEREFARDZETUP CEAEBRRICKIETY VEBEERK
DEEBLFANRE, HEAL DU VEBE 1 DOBWANCP IZX2EEBRRICKRIETE
B3 U VEEENIENS 4BEOLIITPBNEFIEIREL, BB LDLDIZ
D BAED LRI ENRB ENELTED T,

4 BETIIMPP BB E I YA XOBEBRIEDVTRI Lz, BERELSHEOE
#Eﬁif&?ﬂf%yit»®ﬁ4fﬁk\¢£;Umst»é%t,mst
WZHIN DI LE) VEERMLUTNPEBIYA A RERERITIVEFARE
ElcEmagreE, SN XRBAELRST, TVINTA XOAHIINAIE
JVEEEITELULTWE, 202 ENDS, MP iEZ2—EBEBRESETHI®
WA ZIEEBERIFERNWI ENTRREI NS,
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RICESETIE, THHEAL I I ZBANTMC 248 & 3 )L 04 & DBE%
KOWTHRE L. TVHFOIEIERENN I ALABLUVER ) DS BI34
HDOENEHRTEL . MPEBIY A CAEHRERBIZT L THRBRETHIDIC
3NUT%ﬁ~wA%&%b<§#otaC®t®%HKiD%%?éjﬁﬁﬁfy
SRIZDINTHD., TIIYAL I NI HEAL I ERRTHENR
BTHhdEEZALNE, T AT ALEYEEBNEVWI EE, TIHEA
CHFREFEDY VEEENEZVWI ENEREEZ SNE,

COTELEENDDD, BLOETIL, TINEALETIHEA L DBEER

CIZUT, AN OLEER) CBBEZZIATALII RN EZRAMLEECS, T
BRAEALDEMRTHAEL LD MP BBEAERINPTL. ATIEIHD
MCP BREBEHNEAL REHREBNEN ST, TS AFEA DY EBN0. 2% TTH
AELT L. BB THoIENS, HEAHFHDY D EEBNELNT &HMCP
KL TEBINPILARZERD | DTH B EAMERIN~,
B TETREYIHIVEA IO MNP BBIIOWTRELE, EVIDRd
YA AN TABIUVER) DEED. WTFhHEHAOZFhOW I ETH- -
ZH2ND 5T, MCP EZBHEA D EBEBERIIY I LS D EIEZITELMLTY
oo TAUL, S RIVEBRTEIHEALS : AN ARBECHES > B >
HRRBETHh = ickdbDEEZSNE,

BSETIEIRMBAIT L S MCP BB OMBUTDVTHRI U, BLiEY >NV BiR
EIEE. (WPFEL) 2 60CTH S 90CT 10 S HImMENET 3 E I NEDOHI ™
LEER) CERIITEMUEL,. MPEBHI VYA A4S RBIZIFEAEDILLE
Mo 7z, WPF #% 135-140°C T 75 RIMBNET 2 & NP BBH Y1 > L2E6(EE
WA Uz ZNISEBMEBLEBIZ L D HEA > EMPP IO IRBB L=/ T.
ZOBREIBBICL>TEEZZI A DY VEEDOERNZ S THEZZLHD
EEZ LN,

urw#%éikbaakm;okmé(1m@%%ﬁt4/ B RITIZ.
HEAGFRIIDREDIFEULDY DBENSENTNIBRERD S, (2)
MCP IZ K ZZEBHERICIE. Y1) DEEKIBEIEL. MCP 12Xk 2EEHRIC
BETHEL, ) OBEENDEDBERIEIKREL. USEBERNERDEZTDY
BiIhs<izs, (3) LOHEA1 I IEEDOBRSIZ, MCP 2B 1 22814
SEIEKETS. (4) SNV AI X2 5D3x- 1> EEBTHD. MCP 22
BAEA RSB EIIBEKRIN., (5) AOEEMNEIT MCP OB ERE
A, HEAS) VEEENEHRLERS THEZS, ThoDEEDS L. (1)
~ (4) OHBRIE. b, I, TH, eVPOIFL I ENBIOEFDATLS
TVOBEELERTEZZEICES>THONERS .

EHEICLVEBSNTZHRIL, IEA IR OBEICEERRE %O MCP 28
BICERT2EBENRERERZET TR, HEL I OBENEEIZERT
B5F—ARId—J) M EDUBROKBICH L TEARBHREZIBHIT I &I
A5,
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EKBTDED T EDMNSERICH=> T, KA. BEYRIBEL LS5 OBEI 2
o T SN AR S B Sl BB BIRICHON S B L . BE<BILZHL L
FET,

AT DERICH o T, Hih, BEREE L LN S OEEER > EAMKEKX
Bpfe s pronpe T Mg EER—BIEFICRONSBEHL. E<BILEHL
FTFET,

EFEDOEIT. BXO%EERTE, FLTERRXOEDEELOMNSERIIHEZED
T, Kih, BESEELELMSOBBEE-> EREAZEBEREARAEFREFIIH
DOHSREHL., E<BILZHLLETET, '

WEDERICH o T, EREBRERARREORBERNSZRDERZH
Sir. T, BIEH DB ESHE—EREE (HI4.4~H17.3), {LIKERHE (H15. 4
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FERFEAEFRPIIRE (H9. 4~H11.3), HOBEFRSHE Hl4. 4~), BN STHV,
CTICRLUTERICEL BILBEL EITET,
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Stadies on micellar calcium phosphate-cross-linkage in
casein micelles and these properties.

by

Umeda Taketoshi

Summary

In milk, casein micelles 20 to 600 nm in diameter exist as colloidal particles.
Caseinmicelles are highly hydrated and contain 6. 6% of inorganic materials, the main
constituents of which are calcium phosphate. Calcium and inorganic phosphate are
present in excess of their solubilities and — as a result of their interactions
with casein — arenot precipitated as calciumphosphate. Thus, the mammary secretory
cells are considered to be protected from the injury caused by the precipitate of
calcium phosphate. Calcium phosphate in casein micelles, which is associated with
casein, is called colloidal calcium phosphate (CCP) or micellar calcium phosphate
(MCP). It is now recognized that caseinmicelles acts as carriers of calciumphosphate
instead of a sole nutritive function as source of amino acids, calcium and phosphorous.
The MCP plays an important role in maintaining the structure of casein micelles
because casein micelles are disaggregated into submicelles when MCP is removed.
However, there is no agreed option for the structure of casein micelle, and also the
mechanism of 1inkage between MCP and casein molecules has been unsolved until now.
In particular, to clarify the latter is very useful for the development of the milk
products such as cheese making use of the characteristics of casein micelles.

The objective of this study was to obtain the fundamental information about the
structural stability of MCP, considering from such a view point of the integrity of
caseinmicelles through the cross—-linkage. The following studies were conducted and
the results were summarized as follows: '

(1) The author investigated the least number of phosphate groups necessary for
cross—-linking of casein by MCP. ‘

Artificial casein micelles were formed with whole human casein at 20 mM calcium,
17 mM phosphate and 10 mM citrate. The caseinmicelles disaggregated by 6 M urea were
separated by high performance gel chromatography on a TSK-GEL G4000SW column into
cross—linked and monomeric fractions. When the cross-linked casein fraction was
analyzed by high performance ion-exchange chromatography on a TSK-GEL DEAE-5PW column,
a small peak, representing the 3-P component of human B-casein, and distinct peaks
of the 4-P and 5-P components were found. Artificial caseinmicelles were formed from
mixtures of each purified component of human B-casein and bovine x-casein,
disaggregated by urea, and separated on a TSK-GEL G4000SW column. The casein
aggregates cross—linked by MCP were formed in artificial casein micelles of the 3-P
and 4-P components. In contrast, no cross-linkage was formed in artificial micelles
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of the 1-P and 2-P components. The results indicate that at least three phosphate
groups are needed for cross-linking of casein by MCP.

(2) As described above, at least three phosphate groups were needed for the
cross-linking of casein by MCP. However, the possibility remained that a side chain
other than phosphaie groups may have affected the cross-linking of casein by MCP.
Accordingly, the effect of the number of phosphate groups on the cross-linking of
casein by MCP needed to be examined for caseins with the same amino acid sequence
but differing in their phosphorylation level. Then, the author prepared artificial
casein micelles with human B-casein, and bovine ¢ - and a,-casein, and examined
the cross-linking of the casein by MCP. ,

Artificial micelles were formed with the 3-P and 4-P components of human B-casein
and bovine k-casein with 20 mM calcium, 17 mM phosphate and 10 mM citrate. To
separate the casein aggregates cross-linked by MCP, high-performance gel
chromatography was carried out, and the elute was divided into fraction ! and 2.
Fraction | consisted of casein aggregates cross-linked by MCP, while fraction 2
consists of “monomeric” casein. The fraction 1 content of micelles of the 3-P and
4-P components of human B-casein and bovine x-casein was 22.3 %. The content of
the 4-P component in fraction 1 was much higher than that of the 3-P component. The
percentages of the 3-P and 4-P components to the total casein in the micelles were
45.9 and 44.1 %, respectively. Accordingly, the cross—-linked 3-P component was
calculated as 7.8 % of the total 3-P component. The cross-linked 4-P component was
42. 4% of the total 4-P component, this being 5.44 times that of the 3-P component.
Artificial micelles were prepared with the 8P and 9-P components of bovine
@ -cascin and k-casein. The proportion of the 9-P component cross-!inked by MCP
to its total content was 65.9 % and 1. 25 times that of the 8P component. Artificial
micelles were also formed with the 11-P to 13-P componentis of bevine e -casein and
k—casein. The difference among the proportions of the components cross-1inked by
MCP was small, as compared with that of the human B-casein micelles and bovine
ag-casein micelles. In the present study, it was shown that a difference of one
phosphate group of casein affected the cross-linking of casein by MCP, especially
the cross-linking of human B-casein. The 3-P component of human S-casein was hardly
cross—linked when compared with the 4-P component. The effect of the difference of
one phosphate group on the cross-linking of casein by MCP was rather small in the
micelles with the 8-P and 9-P components of «,—casein, and with the 11-P to 13-P
components of ag-cascin. The phosphale groups of the 3-P component of human
B-casein are located at residues 8 to 10, and the additional one phosphate group
is bound to residue 6 in the 4-P component. The phosphate groups of bovine @ - and
a,-casein are located further apart than that of human B-casein. The
phosphorylation sites of the 8-P component of a-casein are at residues 46 to 115,
and an additional phosphate group of the 9-P component is at residue 41. These
phosphorylation sites may affect the cross-linking of casein by MCP. However, it is
probable that the effect of the difference of one phosphate group in casein becomes
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smaller with increasing phosphorylation level.

(3) The author investigated the relation between micelle size and MCP conient or
MCP-cross—-linkage in bovine casein micelles.

Bovine casein micelles were separated into large, medium, and small micelles by
differential cenirifugation. It was confirmed that the calcium and inorganic
phosphate (Pi) .contents increased with micelle size, while k-casein content
decreased. The MCP-cross-linked casein contents, which were determined by the gel
permeation HPLC in the presence of 6 M urea, were 56.8, 53.1 and 46.7 % in large,
medium, and small micelles, respectively. There were only small diflerences in
composition in MCP-cross—1inked casein among large, medium, and small micelles. The
MCP-increased small micelles, of whichmicellar calcium and Pi, and MCP-cross-linked
casein contents were very close to that of largemicelles, were prepared. In Sephacryl
S-1000 chromatography, the elution pattern of the MCP increased small micelles was
very similar to that of small micelles, indicating that the level of MCP does not
affect the difference of the micelle size between large and small micelles but
kx—casein content controls the micelle size. The bioassembly of casein micelles was
also discussed, considering the interaction between submicelles and MCP.

(4) The author investigated the composition of porcine casein micelles and
physico-chemical properties of MCP-cross-linked casein in porcine casein micelles.

The micellar casein content was 3.47-4.07 % in porcine skim milk; this value was
1.48-1.73 times higher than that of bovine skim milk. The total calcium, micellar
calcium and inorganic phosphorus contents were also higher in porcine milk than in
bovine milk. The micellar Pi inorganic phosphorus content was 1.52-3.29 times higher
in porcine milk than in bovine milk. The MCP-cross-1inked casein was separated from
porcine caseinmicelles by high-performance gel chromatography on a TSK-GEL G4000SW,,
column using 6 M urea-simulated milk ultrafilirate as the eluent. The
MCP-cross—1inked casein in porcine casein micelles was 66.6-69.2 % of total casein.
These values are higher than those in corresponding casein micelles of Holstein cow
milk, which were 52-57 %. The total casein content of porcine milk was higher than
that of bovine milk. The little increase in serum casein was observed when porcine
skim milk was cooled for 2 to 24 h at 5°C. This suggested that porcine casein was
more easily cross-linked by MCP than bovine casein, and that a high content of
MCP-cross-1linked casein might depress the dissociation of porcine casein micelles
on cooling.

(5) To clarify which of organic phosphorous and MCP contents contributes to higher
MCP-cross-linked casein content in porcine casein micelles, the experiments were
conducted

Artificial porcine casein micelles, in which calcium, inorganic phosphate (Pi)
and citrate concentrations were 10-40, 12-27 and 10 mM, respectively, were prepared
at pH 6.7, and the formation of micelles and MCP-cross-linkage was examined. The
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results were compared with those of artificial bovine micelles. There were almost
nodifferences in the micellar casein and calcium contents between artificial porcine
and bovine casein micelles. The contents of MCP-cross-linked casein were 44.9 and
66. 6% for the porcine micelles formed at 20 mM calcium and 17 mM Pi, and 30 mM calcium

and 22 mM Pi, respectively. These values were much higher than those of corresponding -

bovine casein micelles. The organic phosphorus contents of porcine and bovine casein
used were 1.18 and 0.82 %. The higher organic phosphorus content of porcine casein
is considered to be one of the reasons why more porcine than bovine caseins are
cross—linked by MCP.

(6) The author investigated the composition of ovine casein micelles and its
physico-chemical properties of MCP-cross-linked casein and compared with the data
of porcine casein micelle.

Individual ovine milk samples were obtained from 2 Corriedal ewes 2 weeks after
parturition. The contents of casein, calcium and inorganic phosphorus were 4. 46 and
4.86g, 198.8 and 192.5mg, and 111.0 and 117. 8 mg, respectively, in two 100 mL samples
of ovine skim milk. The content of MCP-cross-linked casein in ovine casein micelles,
which were determined by high-performance gel permeation chromatography in the
presence of 6 Murea, was 57.5% and 58.4 % for the two ovine milk samples. The released
casein upon cooling at 5° C for 20 h from casein micelles was 11.2 % and 14.4 % of
total casein in 2 ovine skim milk samples. Most of the released casein from ovine
casein micelles upon cooling was B-casein similar to that found in bovine casein
micelles. It was considered from the above results that the MCP-cross—1inked casein
content. and behavior of ovine casein micelles were similar to those of bovine casein
micelles, although ovine milk was higher in concentrations of casein, calcium and
inorganic phosphorus than in bovine milk.

(0 The study was conducted to elucidate the cleavage of the linkage between MCP
and casein which apparently occurs on heating milk at high temperature.

In order to examine the effect of heating on the changes in the linkage between
MCP and casein, high performance gel chromatography of casein micelles disaggregated
by 6 M-urea was carried out using 6 M-urea simulatedmilk ultrafiltrate as the effluent.
Although the MCP content increased when whey protein-free (WPF) milk was heated at
60-90°C for 10 min, almost no changes in the content of casein aggregates cross—1inked
by MCP were observed. The content of casein aggregates cross—Iinked by MCP decreased
from 51.9 to 46.1 % in WPF milk and from 52.3 to 43.6 % in concentrated WPF milk on
heating at 135-140°C for 75 s, indicating the cleavage of the linkage between MCP
and casein. The cleavage -of the linkage between MCP and casein on heating was
considered to occur without liberation of ester phosphate groups. It was suggested
that the transformation of MCP to another form was responsible for the cleavage
between MCP and casein on heating milk at high temperature.

The author made it clear that the characteristic of MCP-cross—1linkage related with
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the number of phosphate group in casein molecule played an imporiant role in the
stability of casein micelle. The author was also convinced that these results from
this series experiments would contribute to give the useful infermation in
manufacturing milk products. - ‘
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