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1. s-A3F—F0RE

¥R k-7 FF - (Sigma #4) 4 70°C DA
YRICHERL, W1 BRRFR Ui, T OWRY, 10
mM EDTA ¥t UC 125, B4 4 vokie LT
3 HEENT U OB U 7ot BRARE MR L e et i B A
d VKB LT LY 6—h T F — > VIR IR L,
2. AEAHEORY

JLHEERF R BESO AL A 2 4 VREEHOR
FLIDETEA vEREM LI, BHYA VIO, &
OB & T4 vl Ui BB RA AR X
o T L 7o IR &M A A RIS LCET L, R
Bbk & e o e ib B B Do NaCl %inz Bfigs, 1IN
NaOH Crpfh: & LT, BifEEHL, @AEERE L
as—, k-H XA V¥, ZITTLE & CUSTER D)), §-
A EA Vit HIPP B0HES, -5 7 b 7w 7 ) Vi,
ASCHAFFENBURG & OHED & L » CTHR Ui,

3. k-HASF—-FUORE

BRI, WEAELVHIEOEE L5 X 51 50mM
4 35— L—HEARE (PH 7.0) %X fopsig 8 mé
%, 10mé B — 71— AR B0°C i L ke, Bk
Bicwl b, 1% e~ 5F —F 3 (50°C) 2mlb &%
RIElEmL, B—eked X B L, Tay L CE
BRI ACEI R L, SRS 0°CE, RarilEy
T Ty e E, 1 AR LI, A 4 VERER AN

D OBETE UM TR S R T
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Ep Mook elastic body

Voigt
Et ny viscoelastic body

Llf Ny Newton viscous body

Fig. 1.

AL: deformation

2, EoFHEy KT, Cazt, Nab gL 1L10), #15
ik CI7 cfi— L,

4. JY—-THROAUE

7Y —FA—x-—- (UE RE 3305) iz, 5mmEDY
Ty e —%EEL, MEMNESS, REE®EE 5 mm/
sec & L, FIELELMEOBRHEOMIRICHREL,
HelbiwiRy, 2g & Lic, HEBISELY BV, M@
0°C Tff » T2

5. HU—TRROEN

=S¥ —FvDr ) —-7B% (Fig. 1) O3, bk
BHROWBEIETS (o), MMMRMOEY (o), EEHHETD
B (e) KOWTIotee FRERDEIL 7 » 7,
Ta—2F, 2a—bvOEFUCHERL, PR, B
MR, BIEEY A TORRC X » TEE LR, %7,
7V — 7B, FTEBIAROWBERITE ¥ hoo Wk
Er sV —7EnbELFE, 3EOREDFHEY R
Lz,
1) 7y 7 OB

W5y (dynfem?) P 3 (g)x 980/ (cm?)

S

B (dyn/cm?) Ly=Fle
2) 75— 27t OXiEMESE

E o

Wt (dyn/cm?) Ey=Fle

FHERFR] (sec) ¢ e (l—e™!) RIRBIEHMA W BT

SR

itk 3R (poise) M=t Ky
3) = a— b vOEEEEA

E ey

time

Creep curve and four elements models.

L: Initial height

TR (sec) ¢
FEER (poise) Ty="Prife,

= 3

1. AYDLEKUALLY LORE

BE LI REECD k-9 T F — o HEIR T, Btk o
EWEBER THBH, HEIFET S LER T LT %,
ZZ T, EBOFHADOREYMEEL T, V7 LEIAY
Y ANRETAEED -H ¥ —F v OB E®H
Nz, BEFHABOSELNEE ThH 5 394mM Oh ) T 4
HETC02% e-h ¥ —F v gD, T, #
N 2ok 0~10 mM I LicE A OPEER, RhitsR,
B Table 1 wiklic, HA v 7 ADFEMC X
0, rLOEEBISMCERL, 7 v 7 RO (Ko)
DEEM, 7 4 — 7 MEOHMR () & =2 — F vEOK
MR (1n) OFPIBE SR,

Kz, H U Y ARITNA Y ARBRCHEET 5
BDHSF—F DML THRF L, 73 -7
fgaas s, TR FROBRMER, iR, BERRZRD,
Table 2 wFDHERELXR LI, AV v Ay B L
T, ANTIEENME, —ERNIYR Y OEIKREL, 7
o 7 kDB (E) MWRARED &A% B U, 7
— 7 VEOBMR (B), 7 4 — 7 HEOREE (1) MK
<, BIEHRE () 3Rk, TR, =a— b VRO
M (M) HED o T

2. AEBEAEFMOHLE

ABEBEOW 80Y whidD, HEAL VITEL as, B~
BIU =B EA VBB, LT, FHPOTEHE
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Table 1. Effects of calcium on the elasticity, viscosity and
retardation time of potassium gel

CaCl, I O T 7 NN
(mM) (10°dynjem?) ~ (0dynjem?)  (sec) __(107poise) ~ (107poise)
Control 2.7 4.9 25 1.2 13.0
1 3.0 4.4 24 11 11.4
2 3.0 4.2 23 1.0 10.5
3 3.3 4.2 24 10 10.0
4 3.3 3.8 24 0.9 9.2
5 34 34 27 0.9 9.0
6 3.6 3.1 32 1.0 8.3
7 4.0 2.8 32 0.9 7.9
8 3.9 2.8 30 0.8 7.7
9 3.9 2.8 32 0.9 7.5
10 3.9 2.8 31 0.9 7.3
Control: 0.2% x-carrageenan, 39.4 mM KCl, 50 mM imidazole-HCl pH 7.0
Table 2. The elasticity, viscosity and retardation time of
potassium-gel and calciuma-gel
Ey Fon T i Vw
(105 dyn/cm?) (10 dyn/cm?)” B _Egg) (lO_?pgi_sq)_‘ _ (107 poise)
K-gel 2.3 4.4 27 1.2 9.7
Ca-gel 23 14 36 0.5 32
K-gel: 0.2% k-Carrageenan, 39.4 mM KCl, 50 mM Imidazole-HCl pH 7.0, stress 2 g.
Ca-gel: 0.3% x-Carrageenan, 6 mM CaCl, 50 mM Imidazole-HCl pH 7.0, stress 1g.
Table 3. Effects of caseins on the elasticity, viscosity and retardation
time of 394 mM potassium+18.3 mM sodium-+3 mM calcium
system gel
Ey I Fa 7 I~
(108 dyn/cm?) (10° dyn/cm?) (sec) (107 poise) {107 poise)
Control 33 4.2 23 1.0 8.8
1% Whole-Cn 36 45 23 1.0 14.2
1% as-Cn 3.1 4.8 20 1.0 12.6
1% p-Cn 3.2 44 27 1.2 9.6
1% #-Cn 3.8 5.2 23 1.2 19.6
Control: 0.2% k-carrageenan, 394 mM KCl, 183 mM NaCl, 3 mM CaCl, 50 mM imidazole-HCl

pH 7.0.

R, BALA Y EIV as, S w-h €A v 15 HM
L7l D 7 v DY EDZAL &~ e (Table 3),
HIRMOER LU T, 7€ v 1 HNT %
TER XY, Eoa L1, B AL, Ty A0 16 s
D, FAOWER IO LI., b, A

VLY T RN L, AT AR E B
k>as>B-hEA VTH ot =YL U FEMLICSE
&, Eo, Ev 7y, Tx I LT. —, as— B XO §-7
CA VOWIL T BINE b, Eo b hcRd
gty
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W, EBRAED » 7 —F v A RIET T
DWTHHANT, FHAPDOEHN AV T A, F + Y T A,
AF VI LYY AR LIFHELER LOAEERA
DERSTHS -5 27 v 7w ) v ER1I% I
MUt & 2D F AW EE R T~

RHBEAEB IO -7 v w7 Y v, FARE
TETEER L, hEg VIEMOBEIRE e 0N
HEgibEeien -7 (Fig. 2), 2AKEAEE 5-57
Foe A vERRET S L, 2ABEABEOHL,
Gy NATKET B BB R o T

3. ALLYLDEEE as-HEAL VFRMOEE

AEAL N, AT AERALT, EOWREIEL
ThH, ALY LDACA VADEES R, BV
as>F->e-hEA VTHBY, FIT, AV ADRF
FEN, as=H XA VEBRML O s-h FF -+ v 5
OWBADOIEE, ED L 5Bl b o TRE L,

394mM H VYV A, SmM H LUy A EETHRE, 394
mM 7 ) A, 9mMF b Y v ATELRIC ash A
v 1Y MU © 0.2% k-7 7 F — 5 v F L OWi:
B, LR, BIGERTAY Table 4 iR L1,

strain
(aL/L)

0.10

0 5 time{min)

Fig. 2. Effects of whey proteins on creep curve
of 39.4 mM potassium+18.3 mM sodium -+
3mM calcium system gel.

Control : 0.2% k-carrageenan, 39.4 mM KCl,
18.3mM NaCl, 3 mM CaCl,, 50 mM
imidazole-HCl pH 7.0 © o)

Added protein: Whole whey, protein @ o,

g-lactoglobulin X---x, Whole

casein A-——-A
Table 4. Effects of as-casein on the elastisity, viscosity and retardation
time of 39.4 mM potassium+9 mM sodium or 3mM calcium
system gel
]20 Z;I T ”1 s
L o (10°dyn/cm?) (105 dynfem?)  (sec) (107 poise) (107 poise)
9mM Control 2.8 44 24 1.0 12.8
Sodium 1% as-Cn 3.0 4.5 24 1.1 14.9
3 mM Control 34 4.3 24 1.0 9.8
Calcium 1% «as-Cn 3.2 45 24 1.1 16.3

pH 7.0.

NI YT Kl A TERRTD oy DWW, T DY
}Juﬁ;ﬁ%’% § th.o
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1. AYSLBKUBILL D LDEE

H) Y AFRETFTTOrAENNLY Y BFEFETTOr
B A &, fiE EY L T, Ty X 0B EESO
W, B, KMy BN TS 525
ha, oz b, SAEREER L v 3SR Ozawa
DFERM L —F L7

Control: 0.2% r-carrageenan, 39.4 mM KCl, 9 mM NaCl or 3mM CaCl,, 50 mM imidazole-HCl,

—F, AV T LADRCHAN VT AETENTLE L
> T, 7L, Ey o, B oy rbHs & X DL,
Nk Uy DWAHERL L L OE D B bR,
¥ i, RESMIREETL &, AAvy sy, E oy
D, =N FF—F VORBIRE T HEI T v E - F v
LT, WiMEMOKRTIZD, MARMEORKE %
WM esEEL bbb, Bz, iy AOEMLy
o Ey Ty Tae DD R S50, B LETAZ &
I o THB LY, MEMREORKE AORE RIS
BEBRZDND,
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YEHAID 13, c-h TXE—F VO AR ED BRRL,
Li+, Na* X » K%, Cs* opaissv & L, TiEsko
Heds st LCHESTZRA 4+ v Th b, BB TREEHEA
FUCHD I EEE LT, Zodcpi#L ¢, Ca?t g
Eo&AfiA A ik, KOREEHHRA A4 v ThY, Catie
Sl k-N T F—F VI ARECT, KOWERRN A 7
F o VHBEHEEATEY, e, KOBEHE 4 v
<55 KT OFfETD 0-h 5% —F v AT, Ko
EWEAREBE YR L EELBR D,

2. AEAEFMORE

=h G FE—F VAL v EOHEERCOWT, B
% OPFFEIRE IR TV BB, KRR BT %
=N FE—F VEGURANDLI LA YORIMC LB 7
LD Ey, T, T O#Hn (Table 3) i3, s-# 5 ¥ —7 v &
HEAVEDRMEERT A LR XD, - h TF TV
FADRBEREEOMILEERTHLD LHEFE LI, D%
b, hXAL VRTFH, BUD c—H FF-F VIELEA
D5 v E AEMEE ALY, MBEBEO/ER LT
mxE, RN, TOBANTEEDLFZI

—F, ABEBEABC2VWTE, ¥~ 27073 Vi
Mz e-h ¥ —FvEREFRE LI Evbh T
B, Fojwr, 7Y — TR KR E I8R5 T
weExbhs (Fig 2)

HEA VRGN T TSR (Table 3) 55, b
EAOWM:, iR EBI A YA L, - hEAL VY TH
olze k=HEA VL, EAOHEEEEARTMCRET %
WERHEODT, FOT3AWM, A 5F—F D~
A4 AR LR L BB IR LY, Yo
HEBETRL L Bbh s,

as— BIO B-hEAL AL, WAV AEHALT
FREEORERELT DRI, HTF—F vrin
OEFBIBETHY, B, MAPRETHLEELD
ha,
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W, Mo E R EIRL (Table 4), SKURA &
NARAID 3, e~hTFF—F VLIS as-hEA VDN
AT AT TARE®R OB e-h T F—FvDh
LYy ARB ORI X B L& 2T, Table 4 13h 1
2 ADTFHL X - T, ash EA VRIS A ORI X
ORI I h L EHR LT B, DT ik
as—HEA VERM e=-hFF—F VA as-ShEA v E
~HTF—FVEDIAL VY ABEERIEE L, Wiz,

BRSEERHIE LTV B Z ERR LT 5B,
] k)

= H T F—F U FAD UF e O~ IS Y
v a, ANy LA, HBEBEBEOMERHEANB DI, &
AD 2 ) —F (—EWEC KT 5 ORHREME &5
WHOEIE) HHEL I,

—HFTF—F DAV Y LAFECL - THEREhE ¥
AT, BT g — 7 MEOBEER, KR, fEv=.
— } VEOEMRE RTE S ATH Y, —0F, Ay
T AFER XD SIS TH T

HYTADRCHINY Y A EFRMTHZ XD, 7
v ZPEDOWRELML, 7+ — 7 MEOHMR, Hik
AL, L, By éicsic,

YT A, FEUT A, BT LNEREHDA F
ELRABEEDLRIC, P XA vERMTAZ LI ST
A DBMER S L ORI L1z, B Z LI
RBEFARIT AR EWIHC - A v>as—
HEA V> B-hEL VTH o,

—77, HEEAEOHEMD ¥ Vi BUETE8 i
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Summary

The effects of potassium, calcium and milk pro-
teins on the rheological property of x-carrageenan
gel were investigated by creep measurement.

The #-carrageenan potassium system gel was a
tough gel which had a high elastisity (E;), viscosity
(71) of Voigt body and a high viscosity of Newton
body (7a).

system gel was a weak gel.

Inversely, the #-carrageenan calcium

By the addition of calcium in potassium system
gel, an increase in elastisity of Hook body (o)

‘and a decrease in E,, 7, 75 were observed. It

meant that the potassium system gel became more
rigid and brittle following the addition of calcium.

By the addition of casein in potassium, calcium,
sodium system gel, an increase in gel’s elastisity
(o, E1) and viscosity (7, n~) was observed. The
effect of casein components on x-carrageenan gel
was large in the following order: r-casein>as-
casein>> S-casein.

The effect of whey proteins on s-carrageenan gel
was less than that of any casein component.

The calcium binding ability of as-casein par-
ticipates in the interaction between as-casein and

g-carrageenan.



