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Degradation of Casein Micelles during Storage

Masayuki Migamr*, Hiroyuki MIURA* and Satoru NAKAMURA®

# i

# 44 vix, MELLANDERY (1939) 1w k3 F € ) v AWGKDER L - C, a8 BIT
T-HEA VbR A D ERBLRC IR, UL 7 €A VEGREL TR SO i
SHEREETHD, TR0 TA 2 —ARTEL VS HEEE ol &b, a
BXO B-h A vV ERRIE of AAREHEE HoLE 2bhict L bhole Thbd,
LARSON and GILLESPIE® (1957) % BarrY® B (1958) ¥, fdcHET »ALEAA DR
BEa7A7 P —FHEXACGARLEER, o= XV B2 ¥4V, 57 7/e TV VE
YU -3 7 b 7AT I VEARERTERESh, AF/S e 7Yy, IE7AT IV BIT
7T-h A VIEMENSBTTAEAETHL ERE LTS, LrL, RECSHEAEREL
ZOWHT X o C, WREH €4 vO—RBEERHSP R ENTELBR, FEL r-2¥A
VES - EA vO—H Tl b ERhRBIEE ST,

—HEAFT RS BEFRI N CHEREO L O T, ILIRMEREORE « OEERAM
BRANLFEETAZ LG AbALR TR D, ORI —RER I COEMAEEEREL Y
PhT\wd, S FeF7 —¥h o O—C, WARNER and PorLis® (1945) & TaE T
B YA YEHEETD S ERERHL, ZITTLEY (1965) s ¥ A virbh TR F T - EE
DT A HEYER LY, XHRIUALD (1969) 2 LEEJIG? (1971) @y A ARk, CM-
€7 Fy s AEEAY, REBOBVES RSB, TheAE» ¥ VTERT 25 L,
as— B X - EA Y LD f-h ¥ A VI HT D SMIERNREL, TOH o — R
TS- B XU R-H¥A VvcEULTWB T ERBELL (BB - AP 1972¢; 1A - LI
JI®, 1972), BISRCK™ (1973) L X ABEOBRELCE VTS, ZOFeF 7 — XN -7 14
VERSRL, O TS-, - EX0 - ¥4 vE—FT 3 PGE @ v FAMINT5 &l
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~RTWB, Lavl, AHPABRMSRATESRShDBET r-» ¥4 YEFBET LD,
HBVEAWENLCETELT 7T - Lo T f-r ¥ VR FRER, T-HEA VRS
FHETLHDD, EFEHGRTHE L,

AERICASOERICHT HRLY B2 —20RLE L THoke Thbb WARNER
and PoLIs® (1945) i1, #HF0F w77 —CHEEORLA SR A v ERCHB TS L
WEL, ERWABD (1967) ALY m 57 — i L AR OEBBIC KBNS, %
DFEEIIERD L DT, FOKFID €4 vERSCHFET S EXUDPEL TS0 F
ST - HCHLTE, 5% CHA €1 VRERLTEOEATBRL TV, #¥4
Vi EABEE AV TOTRIEA V. o TEELIRABCE LR IER LN A
VA BB ERL, COMIKT AT T —ERRETH SO H R, AT pHTO
DBEERR CHRARB LT, 7» ¥ VR E -7 €4 vEGOEREHE .

EBRH G SVFE

i) 427 (milk salt solution): C¥ BEFAILCEVRIET # €4 v i ek BE
SRBIH, WHLD (1973) OHFKCHEL, WHITHEC X - THAEBRAFHRL, WEx
M 573 g 59 (1969) DFEA LT 0.02% 2 AFd v A F 3 b U v AEHEMLI,

W) HHA v e ARKORY  EALRHREEAFHBES» RO ALY
BMORSALHG, EBCBIRLE LB 002%Litb X AnFFbAd by ) 7ok
lto, =% 20,000 rpm (53,000 g), 20°C 90 HFEELDEZIT, A¥L V2D
WA B, CheEFEERF THRLTBRR LAY, AL Lo BEORFELS
BISE LTIl Lico BBELBOREBI LT, —HRFAEAMRREFERD L
EILRETT, Ry €A v I eAiid o BT 5% 007TM #Eikr ¥ ¥ &% 001 M
43 8V — AR pH 70 &, H ¥4 VIBER2 LD XIRERERBB LI, M
BOBMEEN: AEBHEEC A AF 4 VA b+ P U ¥ AR LK, BHERBRECTEL,
FeFT - EOEEEER SURAERLE B0 37°C €, 1 U LU3 B, i Zto
BEXELIHSS 10°C T1H, 38, 7HKIUIOAEEHEL TR LI, ek 37°C
3 HMEORSLHERE L S AEBEREELED) o

i) JEBEEAEERE (NPN) OfiE: —F B BRELCARC, 4% 7 v -4 R
(TCA) %#ZREML THREAEL, EBHFO NPN ¥ i 7rd=a s —AER X DMUEL L,

W) AEALVIesk EER (AEENEL ) OBEE: —ERERT L EIES €1
v i VMR EY, 40,000 rpm (100,000x g), 20°C T30 HELEOAHERT Y, HEA VS
e (EEES) r EEResFILe (Fig 1),

v) DEAE-wAm—AHTFAszm=hik: 00256M b ) AEBEHE G3M RESH)
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raw milk
3,000 rpm
20 min, room temp.
skim milk
20,000 rpm
90 min. 20°C
|
whey casein micefle
suspended in
milk salt solution
blending
filtration
] repeat 3 time
sup. casein micelle (ppt.}

|
suspended in
imidazole.HC] buffer containing

suspended in milk
salt solution containing

0.02% merthiorate Na

40,000 rpm  (100,000g)
30 min. 20°C

0.02% merthiorate Na

40,000 rpm (100,000g)
30 min. 20°C

[ | I |
sup.
(soluble casein)

Fig. 1. Preparation of casein micelle and soluble casein.

(soluble casein)  (casein micelle) (casery micelle)
ERAV, b EA v ADBPEEE 16mg ¥ABRTC, EEROFHETHAB 2ml @ 0.06M
MY AGEEEEE 66M RESH) 2ERNLTH» T 4 (1S5cmx 2em) KEMLA, HH
FEE=E, =@ (1974 oFkE, £Y-s0oFHEBER=ELE6W (1972) OJKEH -
o

vi) HVT2IAT <A FEAELKE (PGE) #: 45M RBEA &t pH8I @ + U A
EREER Y v, =R (1971) oFik kR -7,

E ®
) B¥A v i wLEfEho NPN 0Ffk: Fig. 2H €4 v 1 e ARFEPRETE2Y
TCA w0 NPN ExRLie = DEs b, 37°C ©3 HHEEF Lo RERES NPN ©
RINEiTT» 1A% THEN, 4 3 F/ - A EBEGRCBBE LB, 126% & FH1L L
HIL T B, 10°C RETILA 2 &YV - A ERERR R Lok, Sk¥Enl, 10AEK
4.8% FCRIINT 52, HAEBEOSHE, NPN gk A FEmlicy, ZhiioBEmiit
BHIA & Wi, 2 % TCA wREiipENR P, EL4AERRCIEx ORTHE
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Fig. 2. 2% TCA soluble NPN from casein micelles solution by enzymatic reaction.
(O—Q, suspended in milk salt solution.
@® @, suspended in imidazole-HC! buffer pH 7.0.

it | oy .{_

I
Fig. 3. PGE patterns of casein micelles.
Casein micelles in milk salt solution were obtained by ultracentrifugation
after several days at 37°C and 10°C. A, 37°C; B, 10°C. 1, whole casein;
2, 1 day: 3, 3 days; 4, 7 days; 5, 10 days.
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Fig. 4. PGE patterns of casein micelles.
Casein micelles in imidazole-HCI buffer were obtained by ultracentrifugation
after several days at 37°C and 10°C. A, 37°C; B, 10°C. 1, whole casein;
2, 1 day; 3, 3 days; 4, 7 days; 5,10 days.

RTGB®, FALOEERNI-ONnS Lty L LEEMIIAEROKA TR Th
5o

i) €A v e fIFRD PGE BRI X H5HHR: a) FIEBKCH €1 v i e &
WL, 37°C T3 HEEGELL-BHEOIEL v iwrd PGE %2 —v% Fig. 3-A = 3= L
fro 1 BB THREOELAEETIX/AVA, 3HE TE am KLU -2 ¥A vD Ay FOR
SHEBR, BT -1 €A vOSAv FIRBEAEHEL TS, ChitRKLT TS- Lot
r=HEA VDAY FITELLHIML, FTh ard ¥A Y X W BEIBETAMEBEO v FoRn
L R Bbhic, MHEHK10°CT10 HHERE L& (Fig. 3-B), NPN L@ AEHM ML 7t »
2, TS- BX® r-»2¥4 VIR 1 BELSTCREMINLAD D EREES Wi, T~10HH
Tl arm BIO f-H €A VDAY FIREAIL, a—h ¥4 v ID LR B BTAEECED
BHAY L, 37°C CRFLAESE I LML, 24 TS- BXW r-7E4 v~ v g
FEERCEILC, BIRL D Lk,
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Fig. 5. PGE patterns of soluble casein.
Soluble casein in milk salt solution and imidazole-HCI buffer was obtained
by ultracentrifugation after several days at 37°C and 10°C. A, 37°C; B,
10°C. 1, milk salt solution; 2, milk salt solution (1 day); 3, milk salt
solution (3 days); 4, milk salt solution (7 days); 5, milk salt solution
(10 days) ; 6, imidazole-HCI buffer (1 day); 7, imidazole-HCI buffer (3 days);
8, imidazole-HC1 buffer (7 days); 9, imidazole-HCI (10 days).

b) A &V —AEETC ) EA VI e RIER LSS, Fig 4-A BB 7
Xy, 37°C CHRELEHNO LS Vi erD PGE A5 -k, 1HET B BIV a-
NEA VDAY FEBAL, 3HERE B-#¥A VDAY FBREEEHR LI, ¥ ama
EA VDAY FORY SEET, BADY A Y FATE - TWBIF Fieve —F TS % X
K r-HEA VO FidREIR TR, LrtBiBKitof, 10°C T 5
L, am A EAVEDBEOFR G YORMMARLND2, TOMBIIBEL T, o
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0.03 - s

Casein micelles

Soluble casein

Absorption at 280 nm
NaCl (M) ——--——-

—=
e
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=

Effluent volume (ml)

Fig. 6. DEAE-cellulose column chromatograms of casein micelles and soluble casein.
Samples (casein micelles and soluble casein) in milk salt solution were obtained
by ultracentrifugation after several days at 37°C.

—, control; —+—, 1 day; ——x—, 3 days.

0.03 |- A :ﬁ B B

Casein micelles |

Soluble casein

Absorption at 280 nm

NaCl (M) ==--=---

100 200 300
Effluent volume (ml)

Fig. 7. DEAE cellulose column chromatograms of casein micelles and soluble casein.
Samples (casein micelles and soluble casein) in milk salt solution were obtained
by ultracentrifugation after several days at 10°C.

, control; —+—, 3 days;—x—, 10 days.

AV FOEE R EFRBETH -1, (Fig. 4-B),
¢) FEgrRor¥A o PGE sz — & Fig 5-A, B impLizad, 37°C B Iy
10°C CREAFE LK, WThoEahizlA b v iREHLRY, bTh r-2¥4 v Ko
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Fig. 8. DEAE-cellulose column chromatograms of casein micelles and soluble casein.

Samples in imidazole-HCl buffer were obtained by ultracentrifugation after
, control; —-—, 1 day, —x—, 3 days.

several days at 37°C.
0.03 |- A (2 B

n Casein micelles - Soluble casein

=
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Absorption at 280 nm
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S el

100 200 300
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Fig. 9. DEAE-cellulose column chromatograms of casein micelles and soluble casein.
Samples in imidazole-HCl buffer were obtained by ultracetrifugation after
several days at 10°C. ——, control; —+— 3 days; —x—, 10 days.

OEBCHLRDBETH D, ShbDZ LiX EBRPRTEE €A viidinw T &2 TR

LT,
) HEAfvierftFERD DEAE-wrr —-A 7w MR X AWE a) SFEETE
CHEAY I wARBE LSS 37°C T3 AHRELLLEDOIES v I iFpD s e
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a ®
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Fig. 10. content of each casein fraction in the casein micelles at DEAE-cellulose column
chromatogram.
—-+—, milk salt solution (10°C); ------«, milk salt solution (37°C);

—x—, imidazole.HCI buffer (10°C); - X -, imidazole.HC! buffer (37°C).
2+ 75 4% Fig. 6-A WRLE, lBARBIVIEHOLORY -2 1 DFEBEES 1= S-
BEA VB LIOCSEEDOL TR BENAELR, Y¥-2720 TS p¥4 vEXEE—273
O rB-h €A VEBFAREKCHMLTW2D5HbLRA, Zhit PGE 22 -viR
{—FHLTwhH, LirlE—27 4 REHERD rA-» €4 VLB LA YRR B LR -
foo ¥— 250k f-p €4 vEBES T, 1BECHA LA, SAEEENLTVW3, L
L PGE -t —v ok (Fig. 3-4), B~-» ¥4 vl AFHELTW2DC, Zo#nLi
BB, A VvOBRBEBCELRI-hOo» ¥4 vOSRGEBbRD, =7 61T am
B LY -hEA v TEEECESNED B, Fig. 6-B 1o OO LBEO 2=t 75
ARTRLTwS, HBOHANFEALLPIERERT, BRERF LTS r—- BXV B¢
A4 VOPNERE— I RBEDBRICH, ass-hES VESIREEALEED ORI o, 1A
BREIUVSHHRKRS E, FERERTOLDHEEEBINT DA, BERT XL, b¥n
Tr- BI f-r A vVEGOHENBATRASBENWABETH B, ar v-h ¥ A vEHRESZII,
Tl bk -2 A RDORBRET, ERBPERTHAEES LA vk bbb T
{, PGE sz —vr@#HTH -

10°C 10 HHIfRAF Lich €4 v £ A DE L% Fig. A Wil 1 HECRERBR LR
A EERN I (REW), 3 B HECHERERS, TS- $I0 rB-» ¥4 vEFbTric
BN Utce —F B~ BLU ac- w-5 ¥4 YEFERERESL, 10BBCED ¥ T2 OFE M
B Ui, 37°C & 10°C ORFHABROSBELHET S &, HBECKTZEH XL VEHOE
{EDFVRE Lol EBRDO 7 m= + 77 4 (Fig. 7-B)iX, FFREREFFEEAETHY,
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WEDF T T, - BIC -7 A vORMAROhIBETH D,

b) A3 # V- AEBEERCH YL Y I w2 BB LSS, 37°C TRELLEKON
YA vieAaDru=et T A% Fig. 8-A KL #0-% — vi34AEBRCBEBLL
BaLAROEATH DR, 3HBERTS TS- B X0 rB-» ¥ A Y EHRE S OWIMAEHE
wED bR, ¥ RIEREERS S RBCHEMLTI b, PGE <% — Tk f-2 ¥4 VOl
SpBShich, FUEREECS Y EBEbhsE— 2 3Blbhic, LBEOZ v~ 7
~% Fig. 8B &Rl fOBE L YERERRFOE— 70K EL, SEAOM-Z &
BHALATH B,

—HEEE SRR EL, 3BAT TS, 1A- B XU B2 €A v Dbl
Wb tce 10°C CHRIFLICHEA, HEA VI A RIPLBREOs v~ 77 4 (Fig. 9-
A; B) oF{voMfmiE, @R EIZEREK TS 270

W) HEA VI eAFORDEL Y OFHEL  Fig. 6,7, 8 KXUOERT 5 A KA
VieADra= bt TT AN, &8 24V OFHNERNEE Fig 10 R L. ZOH&
D a-HEA VESE as- BL =HEA vhbito Tk, TOHAEAHORE E &
BT B, FOBLER 37°C CHRELLBANKEL, S s 4 V- L EREIRCH
BLEESEE LV, Bn € vEHES B OE&REAT 5, 37°C3 BRI
10°C CI0H BBl Twb, =D Lk PGE OERMND, B €4 YEFOMLBERCHE
T BLD HA v ORRBOBAC L BSDEBbhbo -7 €1 VEFREHELR DR
Fon st LRSI H, S TS- B XU rB-» €4 VIR ENOFAER L,
L L 7A-n 24 vkt A R Lo 7,

3) % =

43, 7e7 7T —HeBLT, BEX TREBEIRTW230DREA LN, BHLS v
B%ELk%@fé%oC®I5K$ﬁ€47#BWMf%6&§5:&H,fﬂ??-&ﬁ
B A EESLTHEELTWAZ LEREERL TY %o &5 von REIMERDES and
KLOSTERMEYER'® (1974) Z&H ¥4 v I wah bR 7w 77 —EEAHIL, The 5-
2 HA VElERTAE, T- BIO TS-h¥A vEeEUT 5L ORETD ERELTED, »
EAvIieshf e T T —ERAEEL TS L ERALRTH R, EFIIBT™ (1969) |
LRI, WA (972 b) kLB k, £ e 77 - LE@ER X0 A ) $EO Z RIS
#EL,%ﬂ%h@?ﬁpﬂwAD%lU&Oféé&ﬁ%LfbaoEtIMmHmﬂwm
L9 w57 — €% pH 65~85 (TR EELARGCEHEL T2,

REBR O, FEESANLSEERI S €A v ek, BEBRAHEREE LU <
K- AEREERCERE L, 37°C $ X0 10°C TREFRBRET o1 £ R 77 —HIC
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IRt ELBbRD NPN o#nEs® R5 &, 837°C £AERKCLHR IO 3 HEA
BELLES, FRER0S6R IV 14T, A &y —AEBERETCRELLCESRD 34
B IU125% & KT D L A~110 T Eicve ChIMFHERTRE 7 e 77 — EHEER
ETAYEREELCLS L#EESh, 10°C 10 HEMORFE T, BERD T 48% ©
NPN #4354, FAEBEECIREEASEMLEVG, 0L &2 T KIERMEER and
SEMPER®:2L2D (1960, a; b; ¢) ¢, S by 7y VIHEWESDH Y, b LIhIFE
LicihiE, AR T r 57 - ¥EERS BICEVWES S LRELTWa, FAOT 2 77
—FEERSREEBEEE L, ) Ay VvIEEHE R TEEVWEE bR TV 5o
(LaskowskI and LaskowskrZ® 1951 ; Laskowskr 52, 1952), = @ k5 CfAEBRICHK
WLC 37°C ©3 ARIRET 5 L NPN oBMRIMEVD, RIMTREFHFE->ToB0
FTO am BLU B-HEL /DAY FiRigE A FHEL TS, LicdioT am BIT 7
A VORERERNESFORBCE->TWE 50 E Bhbh, Thixh UEERNCRER
CEELEECh, PGE ~x —vicZbha X 5iC f-h €4 viXswaiEel, i am
A EA VOBPNRKE R bbb, NPN ORIl 125% i &ignZ & LRHES
b, chbDT Emb, FATRFT ¥ LD ar K IW -0 €1 vOSFHL, HEH
GTEIKERLOCEN IR BD, 2% TCA ABEHEALILVLDE ELDND,
ChSDOEY DEAE-—tAr A7 e~ VETRBE, a2 €A VHEFESL, - €S
YESOEMAELR, chit PGE g —vi—8ThH, f-» 4 vk 37°C 3 A E X
10°C 10 HREAET 5 &, B He—RAOT28F08ML, PGE <5 —vickit 5 B~
HEA VOB EHMETHe LMo Trret /7 a0E0T ¥ YESEREBIH
L0, BAUESHREELEC a ¥l s-h €4 v bHERTHGFBTHD EER
bh, 2O ETonT, BIES (1973) b ard €4 Vg EOGHHPOBARHEL T
B, 7 m< b yT AR KT BIEREERS OB PGE 42 — v ORRN B, S-7
YA viEhhThl, EFFOSRMERNELE 77 AMEOHELIEERDLLELRS, 2D
AEHiE Y — FER RSO B s, CORBEEORMGHER, abEL Y LIE
WHEBRRETALOrEL RS, REFOI LS VI 2ARBNT, r-h ¥ VR F ik
S— B L rA-HEA VRERVGTHLHCRNAED b, -7 €4 DAY FORENLE
2T, B-hEA vOGHRELERYEHDI IO LEDLR S,

LI (1969) X, FIF T T —EhkEH ML vERCEAEe, PGE BTHEL
felTh, arHEA VLY BrEA VRGRERT, TS LV R-7 A VIS5
AYYRELLC EEHEL, LTOK amh €4 Y XD EBHOF Ay FOERETR LI,
LEDFORD and CHEN?® (1967) 3 X T% CARINI £ (1970, 1971) 4 f-H¥A v Ef @A
A VERYRE LI, Fe5 7 ¥R LT -3 EL VHREEE, DWT armdh ES VH
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= REs$ - =gk - i &

FRER, FORE r-7 €4 vESCEP LRSS HNT 5 LT b, L LR S
LA iy v = v R ICORARFERBE O » ¥4 YN T B AR, —Ric s ¥
£ vhET a0 €A YESOFESEET, AEHRO LS f-r ¥ v BROCHHET S
AR = EREV, B[S (1972) MM EETH T F AL vESEA YEFHT
DL, T-HEAVESHREML, AT e 7 - AREELYHETLEHREL T %,

AL TIL, HEEED S e 57 — CIERRE L fob, BRHIC 0.02% 254 1A T
FU Y ARERIML, AENY 0 X LERYRMELCVLAOT, HECLABEIFLONE
Vi To¥ rA-h ¥4 VIO 7-H XA VEGFEHERT DI EA VORFE LIV TR 2T
EBEREL, FOEBORREHELN TRV, ChbLDTErbFHT v T 7 - LU
HA VO—RIEBCET A MEGEE LD, r-h €A VESO BB, A EAL Y
DL THDLS EEx bhb, L LELEBKTthbSAbesT s e 77 — ¥
PEFhiE FEGEREL GhipLwDT, wAR 24 VAREHEETS r-r ¥l YRS D,
TRTCBREHA T e 77— HL L D E L EPRTHTH T

4 = #

HEAL YT e, FHIEEERLOA XV - A EEBEEE eH 7.0 w&REBL, 37°C
B L 10°C CRELIES, »E4 VERETHELELNLGFHAT v 7 7T —HOHES V3
EAHTAIER, e f-p A vE r—hEA YEGOEREEH L

D) BEREOTTHYA v I wAXRIELLN, 2% TCA WEtko NPN O Sing
ik, 10°C 10RM X b 37°C 3 BRIDHENE S, FREAEBERI VLA 1 4V~ EM
SHHPCRELESENE V. L L OBORMEIRE T 125%Th ofco FHEBIT
BERERI & LT, 0.02% AAFAUA b3t ) @ Ak, HEOREFXHMETCNBOT, Th
bOCEEDHA VI A HREETAFA S n T 7 - HLLIDbDEFELbh b,

i) »¥AS3iwrd PGE Rz —vickbE, am BIU f-F ¥4 VILERMCES
LTE D, e f-» €4 »ik 37°C 3 ARRFC, BLAEBE LI, —H r-# A vEi
Cir, TS- BXV r-h €4 vOAY FREFHCHm LI, DEAE-wrr—A27 < &
CXbE, TS XU rB-a ¥4 vAHEIL T\

i) @@ D PGE ~# —vE XX DEAE-wAw—RA 2 w< b7 ahb, AEAY
0 kA EHERT, CORDEUEEOD ¥4 VE I UCSREROELIRRTERD w10

v) 4f7eFT - ECLHBSMENIRENESTTH D, HEA VI RARCHE
Lo © OREEOMEHE, 1 3 # Y~ VEMEHIORE b b, SLSERFCILT NPN
MBS G e b, SRR TRIEREETRVH, T Ef vES OB B L
TWATHEERE X bh b,
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Summary

In this experiment, degradation of casein micelles, especially digestion of S-casein and
appearance of y-casein fraction, was investigated when casein micelles were suspended in
a milk salt solution or imidazole-HCI buffer (pH 7.0) at 10°C and 37°C. Merthiorate Na
(0.02%4) was used as a preservative.

The 2% TCA soluble NPN increased to a max. 12.5% during the storage of casein
micelles suspended in imidazole-HCl buffer for 3 days at 37°C. It was thought that this
phenomenon was caused by the action of milk protease.

The band of ascasein decreased and that of PB-casein almost disappeared from the
PGE pattern of casein micelles after 3 days at 37°C. On the other hand y-casein fraction
{7S- and yB-casein) gradually increased,

Comparatively large molecules which did not exist in the supernatant were obtained
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from degradation of casein micelles,

It seemed that the activity of milk protease was higher in the imidazole-HCl buffer
than the milk salt solution from the rate of increase of NPN.
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