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Temperature Dependencies of the Rheological Functions
of Fish Myosin Gel

Moritsugu Hamada

Temperature dependencies of the storage modulus and puncture-test values of fish myosin
gel were measured in order to clarify the mechanism of revelation of elasticity of Kamaboko or
fish meat gel. According to the following equation derived from the thermodynamics of the de-
formation of an elastic body, the slope of a tangent of the f—T curve shows the variation in
entropy of an elastic body versus deformation under a constant temperature

f=(dE / dl)y — T(dS / dl)r

where f is stress ; E, inner energy ; [, sample length ; S, entropy ; and T, absolute tempera-
ture. Stress under a constant deformation (G,storge modulus), puncture force and puncture
depth from the puncture test were measured in the range of 10—80T . Storage modulus was
also measured on the myosin gel to which chemical reagents were added in order to clarify the
kinds of chemical bondings involved in the myosin gel. The slope of the tangent of the G—T
curve for myosin gel was negative over the temperature range of 10 to 80T, and accordingly
the entropy of the myosin gel was found to increase by deformation. Temperature dependence
of the storage modulus of the myosin gel to which urea was added was small over the 10—
80°C range, whereas that to which 2 — mercaptoethanol (ME) together with N—ethylmaleimide
(NEM) was added was almost the same with that of myosin gel without a chemical reagent.
Accordingly, the contribution of hydrogen bonding and hydrophobic bonding was large, but
that of disulfide bonding was found to be small in the myosin gel. From the temperature de-
pendence of the storage modulus of the gel to which ME and NEM were added, the contribution
of physical entanglement was considered to be significant in the high temperature region. Both
puncture force and puncture depth did not increase as temperature increased. From the set of
results of temperature dependencies of the rheological functions, the revelation of elasticity of
Kamaboko was discussed using structure models of the myosin gel.

IKFEERFRIIFEEAR 4513355, 19904F12A11 H %A

Contribution from Shimonoseki University of Fisheries, No.1335. Received Dec. 11, 1990.

KL BT IR OGS % 72, SDS, 7Y VEGEEF b 4 ME.2— A VA 7 b8 /=) NEM,N—ZF )
<LAIF.



102

1 # B

MEIFIGKMEL L BRICEEZMATTEL,
BLIZEMTHY, TOBWEIZEALT 7 2F v — DU
BTHbD, TOBENREDL IR AN XL E - THRE
THDPIIONTUE, fERKEZELIH DI, W Drn
WP EENT WD, INHDH L, Takagi et al' 9%
BV i3 Niwa et al "ORFZEIZ ZNFNFIOEE DS & ORIE
DIFAZERLIZDDTHY, WIFndHhTITZ O
BRI PO C—BETHE ERESIN T D, B
PRI b o =S 3L F =D 55,
PEIFZDOEEDS RN F—HETH B &) FFEHE
Hl7z57%0,

LorL, EIFTOMENT Y PO - Ths L
MOV AT, LERBEOERGERISTTERTSTIER
WHEEZ LT, £IT, WIEMARASY Vs B0 3/
4% ED, PIIFIICBITLFNIERICLETHL I+
YR LTSS VEEY, ZOLF0Y—EtoRE
AV DA FNT T OWHTEIAD X ) = X 22D W CTHeEt
L7z

2 FEETFEOHHE

BRI OKE SOMMEETTRS 72 OE T 713, B
F—EHl, FE B X U Helmholtz @ H T % )L F—
THWH L, KX TEEND,

f= G0 -1 (B, i

ZIT, EENHIRIVE -, LIEEEE, T I3EEE,
Sy ba¥—=Ths, XDZINIZL, 7 & T OBEEH
LERMEICBII AT Y PO -2t —(dS/dl); L PIES
IRNVF—DE( (dE/d)r *MBHENTED, 2% D
HEHBIBIT A F L T ORGP, HHREICE
TAEROAE,P ST PO -2 bE, YFOKE SH
LR Z AN F—DELEZRODLZENTEL, fETD
FIfRICB T, ZDEROGEISIETHIIE (dS/dl) +
BELZY, FEENIC -T2y PO —3/hE k2,
—7, ARFETH T Y MO —ddiciikd s &
1275,

REBIZBWTIE, FIRYIOMD Y ICEBIRHNER G %
RO, ZORERITFEE RNz, BIMEERIEZHL—EDEA
MEAZH IO THELE, ¢ ET OBRIEERf
ETOBREFLETH B,

3 HEEsLURESE

3.1 s

< ¥ A, Pagrus major B X < IV, Saurida undos-
quamis R L7z, WM OMRA D, TRHROMATE
POEHEEIMEEEYBLTCAFLL,

3.2 XAICORH

BLYODFEICE > TIA VY RAB LIz, Thbb,
HEEPSETBEAZY VI, HOPUDHEHL-AOE
BTUOEALE. INE ABEDEA F Y BEORY) ~
FsfzfEg (3.38 mM KH,P0O,-15.5 mM Na,HPO,, I =0.05,
pH 7.0) & HEWTE:, FL4HE(3,000Xg, 1057H) LT
LEERE L, BERELCDIEL, HREY V808
RV BRE A R 137, 2IUI5mM ATP, 1mM MgCl, %
&0 0.45M KCl/ ) YRR (1=0.1, pH6.4) 20 %

AEED IEERRML, BrCh BLENS 5588

U057 8E(8,000X g, 165 LT EFEZE/, 2Dk
H & BB OGHEHKFICEPIIANTY 5 DiREL, pH
T.0IZFAEER: 5 CIL—TFHE L7co LRV A 74 Tl &,
T % R 0 BE(6,000X g, 1090M) LTED, ThaiE
#TE (Cellophane Tubing, 36/32inch, FIJGHtEE T34 51)
WCANT-DL, FYIFL Y7y a— kMW, =
20,000, FGHZETHEHE)RCHAMET B ¥ /87 JEEIC
LGB ETHAK LI, ST TIRIA D Vil TTng/g Il FH5E
L7 )

3.3 SDS-FILAE

34T B E1%SDS, 1% ME ,25% 7)) & » & &t
)V EERRETE (pH7.2) IZEML, BSODHEIEST
SDS-7 N ABEATo 720 T THWEZ LA EEME
Sephadex G-200TH b, 7773 DF IS8T Bk
FEIE Lowry VI X » THIE L7,

3.4 BEROBE

R S v 780 B R\ -REEI20.45 M KClL A, 5
R B 2ARE I o7 o THIHIFH # 2 T3 A 2 v 24
H L7270 THAEE Img/mlD 3 4 > > il (0.1 M KCI) .12
FELLDL, ImM ATP 272, L AHDEEL-DL
BEL, BILRORZ2BEL,



IF TV FNEBITA LAY R ORI 103

3.5 IFYr - FIOEHEzTIILAOY —
SEOHEIE

3.2THRBML-I ALY - VIVIZ3% NaCl ZINA, K
HBTTIOEOWE Lz, COETYAE, 3D-LFA—
7 — (BAREMEFTE) oFEER (M) 1A, 80TT
2053 FAINEL LTIV B oo INELAIREE % 727251210C
PITICT, 305 MEHEZ10T 22 580C  T10T MR Tii
Ex L, DBEIREEZ1I0C T CTTI72, FRETIEE
DREIGELZ-OBIOTMZOE $H/E, FVOBRYGHENE
G % Markovitz'? OFUTFEVEIE L7ze 52 DM
130.044 Hz & L7ze 2B, MWIBICELTE, ATV
DK DFEFEZR 12012, 7D EIZ3% NaCl % A7z,
—75, TV E & KT HITTE & RO MH0ES (L
T, WEMAEVS) BLAA—F— (FRETHELE
NRM-2002] ) % FvCillg L7zo Z DEEOREOFRE,
FPFENOET VAL TV IEESE (431, 5 E40m)
IZH925mmDE & £ TEED, 80T T204RINEL L CTIT 5 72,
WEIE, G EDLE L RFRICIOCHH80T £ THEL
10CTEWCMERFT o720 BB, 75T v —D5imiE5mm
FEOFHFETHY, M LAKEEIL2em/5E LT

3.6 IAYL-FICHBITBEELEEAES
#l

I T MBS VIS B AL A OTBEL RS
DI, BEFREZMA TV 2oz, An-HEL,
KERES T > NCHAEE ZHET ARE VL, Y2
T4 FEAEYBTLTALZE FYLVEICHEETS
ME'S 17 19Ch 5, ZNENDMEEEIZSM % 5 N2 20mM
L L7 %28, ME #HWARFIIBRICEL s TELZAV
T FYNERTE, H0ENOEEDZ L7 R vk
PEBILENTI AT 4 FEAICENLT DR Cz0
|2, SH#t#E & LT NEM™® 29 %15mM M 70

4 B &R

4.1 IFYOHHEE

BEEoY3aq - 340 OB ICOWTHRE L
THHPELTHDL I EEWME LTV D, I DOIHIRRIZ
BRIZBT B FIUTHA~D EFEFITEN, £/, AET
EATEIC L o THIHEBAR 22 L bl TWwa s, <5
A HHNVIETIVIZBITA I 4 Y v OfGEIEERIZOW
TIEHFHEEN TR, £ITC, MENEWIF Y v 21&

B0l TR OBE 1T 720 HIRESY ¥ /%7
BRI L72v ¥ 4 OBEEAIZ0.45 MKCL 2Nz, 59T
Mo 24 b7z o GEEIL 217V, e il
IZOWCRBILBE DS 2 ATz, ZORE, MHRRE5SH
%W X105 2 5 4B OV IC BT L BB DH S
BROENT, BILERSZEIT 7 FIA TV OFEETRT
L, HEERI00TT TICT 7 F v st E D 5
b ol £ZT, UTOERIZB WV TIEHHERERH
=55 e Lz,

4.2 HHEROIFIOHE

< & 4 BRI D0.45 MKCL, SO BHHICL - TRO W
343D SDS-FIVABIZ L BEH/SY — % Fig. 1 IR
RS

SDS-# L 5312 & BYEH Y — V1, void volume (Vo)
FEDKEZE—2 (P-1) &, ZNIIENTERS NS
20D/NERZE—7 (P-2, P-3) bHo7ze TNHD
B C = 7 OTRIE, E5O0aHAr SR L

g4
=]
[
&=
()]
g t
c
®
S 2
a
0 Loo-off * 1 ]
0 30 40 50
Tube number
Fig. 1. Sephadex G-200 gel filtration of myosin in the

presence of SDS.

Myosin from red sea bream Pagrus major was
incubated overnight in 1%SDS-1%2-mercaptoeth-
anol-5mM phosphate buffer (pH 7.2) at room
temperature. Five milliliters of myosin were ap-
plied to a column (2.2cm X 90cm) of Sephadex
G-200 equilibrated with 0.1% SDS-5mM phos-
phate buffer (pH 7.2). The protein was eluted
with the same solution at room temperature and
5.0 milliliter fractions were collected. Void
volume (Vo) indicated by the arrow was deter-
mined using Blue Dextran 2000. Protein was de-
termined by the Lowry method').
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Fig. 2. Temperature dependencies of shear storage mod-
ulus, G’, of myosin gels prepared from red sea
bream and lizard fish.

Myosin obtained as a precipitate after centri-
fugation was packed in cellophane tubing usually
used for dialysis. It was concentrated to 77mg/g
in polyethylene glycol (M.W.=20,000) powder at
5°C. The concentrated myosin was then ground
with 3% NaCl and heated at 80°C for 20 min.
Shear storage modulus, G, at 0.044 Hz was mea-
sured using a 3D-Rheometer®.
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Fig. 3. Temperature dependencies of puncture force and

puncture depth of myosin gel.

Myosin from red sea bream was adjusted to 77
mg/g and then heated at 80°C for 20 min after
being ground with 3% NaCl. The puncture test of
myosin gel, a test for measuring the force and
depth required for the globular plunger to pene-
trate into the gel, was carried out as described in
a previous paper23 .
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Fig. 4. Temperature dependence of G’ of myosin gel to
which 8M urea was added.

Myosin was extracted from the ordinal muscle
of lizard fish and was ground with 3% NaCl. The
myosin sol thus obtained was further ground
with 8M urea, degassed under reduced pressure,
and then heated at 80°C for 20 min.
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Fig. 5. Temperature dependence of G’ of myosin gel pre-

pared with the addition of 2-mercaptoethanol and
N-ethylmaleimide.

Myosin was extracted from the ordinal muscle
of lizard fish and then ground with 3% NaCl. The
myosin sol was further ground with 20mM 2-mer-
captoethanol and 15mM N-ethylmaleimide and
then heated at 80°C for 20 min.
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myosin gel (model B) with that of rubber (model
A).
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