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Mf : Myofibrils
MB : Myosin B
WHC : Water holding capacity
I : Ionic étrength
r : correlation coefficient
ATP : Adenosine 5’ ~triphosphate
ATPase : Adenosine triphosphatase
Kp : First order rate constant for inactivation
of Ca-ATPase
SDS | : Sodium dodecyl sulfate
PAGE : Polyacrylamide gel electrophoresis
€ps ~ textent of increase in breaking strength
enc : extént of decrease in myosin heavy chain
Ves : Rate of increase in breaking strength
Vhe : Rate of decrease in myosin heavy chain
HC : Myosin heavy chain
| HCn : Cross-linked myosin heavy chain, migrating into

5% polyacrylamide gel

HCn’ : Cross-linked myosin heavy chain, too large to
migrate into 5% polyacrylamide gel

HCn” : Cross~linked myosin heavy chain, insoluble into

SDS-urea buffer
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Fig. 1.1. Effect of centrifugal conditions on
water holding capacity of carp myofibrils.

(a) Carp myofibrils suspended in 10 mM NaCl
containing 40 mM Tris-maleate (pH 7.0) were
centrifuged at 1,100 (), 1,800 (A) or 2,100
() x g using a swing-out rotor at 5 °C.

(b) Myofibrils suspended in 100 mM (@) or 200
mM (A ) NaCl containing 40 mM Tris-maleate(pH 7.0)
were centrifuged at 2,100 x g.

After centrifugation for various periods (6-120
min), myofibrils were collected as a precipitate
in a tube. Then, the amount of protein in the
supernatant (A), the weight of precipitate (B),
and the total amount of myofibrillar protein (C)
were measured. The water holding capacity (WHC)
was conveniently expressed as the moisture content
relative to the total myofibrillar protein in the
following equation: WHC= (B-C+A)/C, (g H,0/g Mf).
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Fig. 1.2. Time-course of change in WHC of fish
myofibrils induced by salt.

To carp myofibrils suspended in 10 mM NaCl
(@) containing 40 mM Tris-maleate (pH 7.0), 50
mM NaCl (Q), 17 mM (A) or 33 mM ([]) CaCl, was
added. During keeping for 120 min at 5°C, the
myofibrils were centrifuged at 2,100 xg for 60
min with a lapse of keeping time. The measure-
ment of WHC was as in Fig. 1.1.
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Fig. 1.3. Protein concentration dependence of
WHC of fish myofibrils.

Carp myofibrils were suspended in 50 mM
NaCl (Q), 17 mM CaCly, (A) or 33 mM (O) CaCl,
containing 40 mM Tris-maleate (pH 7.0). Then,
measurements of WHC were made on such nmyofibrils
suspenSLOns of protein concentration ranging
from 3.8 to 13.2 mg/ml by the method described
in Fig. 1.1.



Table 1.1. Measurement error of WHC of fish myofibrils
by centrifugal separation method.

Fish Medium®)  MeanP)  Standard Coefficient
species deviation of variation
(g Hy0/g Mf) (%)
Carp 10mM NacCl 17.42 0.12 0.7
10mM NaCl
+15mM CaCl, 12.26 0.20 , 1.6
White 10mM NacCl 18.39 0.23 1.3
croaker
10mM NaCl ,
+15mM CaCl, 13.31 0.19 1.4
Mako 10mM NaCl 20.80 0.15 0.7
shark
' 10mM NaCl '
+15mM CaCl, 13.44 0.17 1.3

a) Medium contained 40 mM Tris-maleate buffer (pH 7.0).
b) Average of 10 determinations.
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Fig. 1.4. Freshness dependence of WHC of fish
myofibrils.

Muscles were sepafated from carp in alive(Q),
walleye pollack (A ) and skipjack tuna ([J)
stocked in iced water for one day after catch.
They were stored at 2 °C for various periods
(0 to 4 days). Myofibrils were prepared. from
such fish muscles and subjected to following
assay. The WHC of myofibrils (a) was meas-
ured in the same way as described in Fig.
1.1. The ATPase assay of myofibrils (b) was
carried out at 25 'C in a reaction medium
containing 0.1M NaCl, 5mM CaCl,, 1mM ATP and
25 mM Tris-maleate (pH 7.0) and 0.2-0.3 mg/ml of
myofibrillar protein.
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Fig. 1.5. Salt concentration dependence of WHC of myofi-
brils from various fish species.

The WHC of fish myofibrils was measured in a medium
containing various concentrations of NaCl or CaCl, and 40
mM Tris-maleate(pH 7.0) at a protein concentration be-
tween 7.0-10.0 mg/ml. Ionic strength was calculated from
the salt concentration in the medium and plotted on
abscissa, ’

After keeping for 60 min at 5 °C on addition of NacCl
(Q) or CaCl, ([7), the myofibrils were centrifuged at
2,100xg for 60 min at 10 °C. The amount of protein in
the supernatant (A), the weight of precipitate (B), and
the total amount of myofibrillar protein (C) were meas-
ured. The water holding capacity (WHC) was expressed as
the moisture content relative to the total myofibrillar
protein in- the following equation: WHC=(B-C+A)/C,
(g Hy0/g Mf).. . :

(a) skipjack tuna, (b) carp, (c) Walleye pollack,

(d) Sardine, (e) White croaker, (£) Tilapia,

(9) Mako shark, (h) Blue shark,
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Fig. 1.7. CaCl, concentration dependence of WHC
of skipjack tuna myofibrils under different ‘
ionic strengths.

The ionic strengths of media were fixed to
0.05 (Q), 0.10 (A), 0.15 ([J) and 0.20 (Vv ) by
mixing the calculated amount of NaCl with
various concentrations of CaCl,. The measurement
of WHC was conducted by the same manner as
in Fig. 1.5.
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Fig. 1.8. CaCl, concentration dependence of WHC
of walleye pollack myofibrils under differ-
ent ionic strengths.

The ionic strengths of media were fixed to ,
0.05 (O), 0.10 (A), 0.15 (O) and 0.20 (V)
by mixing the calculated amount of NaCl with
various concentrations of CaCl,. The WHC was
measured as in Fig. 1.5.
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Fig. 1.9. Reversible change in WHC of fish
myofibrils induced by CaCl,.

Skipjack tuna (a), carp (b) and walleye pol-
lack (c) myofibrils in a medium containing 10 mM
NaCl were mixed with varied concentrations of
CaCl, (0-15 mM), and calculated concentration of
NaCl to give the ionic strength fixed to 0.05
(QO). The WHC of myofibrils was then measured
as in Fig. 1.5. After removing CaCl, from the
medium by dialysis against 10mM ([J) oxr 50 mM
(A) NaCl solution (pH 7.0), the WHC of myofi-
brils was again measured.

As a control (@), the WHC in the absence of
CaCl2, was also measured. ‘
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Fig. 1.10. pH-Dependence of WHC of carp myofi-
brils.

The pH of myofibrils was adjusted by adding
a small amount of 0.1 N HCl or 0.1 N NaCH.
After keeping for 30 min at 5 'C, myofibrils
were centrifuged at 2,100 x g for 60 min.
The WHC was measured by the method described in
Fig. 1.1. In Fig 1.10, the right side ordinate
shows the WHC of myofibrils in the solution at
pH 7.0 containing varied concentrations of NaCl
or CaCl, and 40 mM Tris-maleate.

concentrations of salts
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Table 1.2. The dehydrative effect induced by CaCl, of fish
myofibrils under the fixed ionic strength between 0.05

and 0.20.
Ionic strength
Fish species 0.05 0.10 0.15 : 0.20
Skipjack tuna 0.19 0.16(0. 0.13(0.04) -

Carp 0.20

0)
0 5) 0.10(0.04) 0.09(0.06)
Walleye pollack 0.29 0.17¢ 3)

0.13(0.09) 0.36(0.06)

Fish myofibrils were suspended in the media containing varied concentrations of CaC]2 and mixed with
calculated amount of NaCl to give the ionic strength of 0.05, 0.10, 0.15 or 0.20 as in Figs. 1.6, 1.7
and 1.8. The WHC was measured by the same manner as in Fig. 1.5. The dehydrative effect (D value) was
defined by the relation, D=(WHCb-WHCa)/(a-b), where WHCa and WHCb were the WHC of myofibrils in the
presence of a and b mM of CaC]z. The values with and without parenthesis indicate the dehydrative effects
induced by higher and lower concentrations of CaC]2 than 15mM, respectively.
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Fig. 1.11. Different salt concentration depend-

ence of WHC of fish myofibrils.,

The ionic strengths of myofibrils suspensions
were fixed to 0.05 (a) and 0.10 (b) by mixing
the calculated amount of NaCl with wvarious
concentration of MgCl, ([1]), CaCly ((Q) or SxCl,
(A). In Fig. 1.11, the WHC of myofibrils in
media of different ionic strength set with NaCl
and KCl(@ ) was also shown.
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Fig. 1.12. Changes in WHC, dehydrative effect induced by
CaCl, and Ca-ATPase activity of myofibrils prepared from
fish muscle during storage at 2 °C.

Myofibrils suspended in 10 mM NaCl containing 40 mM
Tris-maleate(pH 7.0) were prepared from carp and sardine
muscles, which were stored at 2 °C for different length
of time (). Myofibrils prepared from fresh sardine
muscle were also stored in the same condition (A).

The WHC (a,b) was measured by the method shown in Fig.
1.5. The dehydrative effect (D value) (c,d) of myofibrils
was evaluated under the fixed ionic strength of myofi-
brils suspensions (I=0.05) by the method described in
Fig. 1.6 and Table 1.2. The method for Ca-ATPase (e, f)
assay was described in Fig. 1.4. .
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Fig. 1.13. Relation between changes in myofi-
brillar Ca-ATPase activity and dehydrative
effect induced by CaCly during storage of
sardine muscle.

Data concerning to the myofibrillar Ca-ATPase
activity and the dehydrative effect (D value)
were quoted from Figs. 1.12 (d) and (f).
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Fig. 1.14. Effect of urea concentration on the WHC of
shark myofibrils in the co-presence of various salts.

To Mako shark (a,b) and blue shark (c,d) myofibrils
suspended in a medium containing various concentrations of
NaCl (a,c) or CaCl, (b,d) and 40 mM Tris-maleate (pH 7.0),
urea was added to give a final concentration of 0-0.5 M.
The WHC was measured as described in Fig. 1.5.

The ionic strength of the medium was calculated from the
concentration of NaCl or CaCl,.

Ionic strength: 0.01 (@), 0.05 (Q), 0.1,(A),

0.15 ([J), 0.20 (>).



Table 1.3. The dehydrative effect induced by CaCl, of
shark myofibrils in the presence of urea undér
the fixed ionic strength between 0.05 and 0.10.

Fish species Ionic Urea concentration (M)
strength 0 0.3
Mako shark 0.05 0.16 0.13
0.10 0.13(0.07) 0.10(0.06)
Blue shark 0.05 0.24 0.20
0.10 0.13(0.07) 0.09(0.05)

The dehydrative effect induced by CaCl2 was estimated by the method described in Table 1.2.
The values with and without parenthesis indicate the dehydrative effects induced by higher and
lower concentrations of CaC]2 than 15 mM, respectively.
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Fig. 2.1. Decrease in the myofibrillar Ca-
ATPase activity of carp and walleye pollack
during heat treatment in the presence of CaCl,.

Myofibrils were suspended in 0.16 M KCl contain-
ing 40 mM Tris-maleate (pH 7.0) in the presence
of various concentrations of CaCl,.

Heat treatment of myofibrils was conducted at
the protein concentrations of 2-4 mg/ml and at
38 °C for carp or at 30 °C for walleye pollack,
and stopped by cooling in ice-water. The loss
of Ca-ATPase actiVity during heat treatment was
measured. The ATPase assay , of myofibrils was
carried out at 25 °C in a reaction medium con-
~taining 0.1M XCl, 5 mM CaCl,, 1 mM ATP and 25 mM

. Tris-maleate (pH 7.0) and 0.2-0.3 mg/ml of
myofibrillar protein.

CaCly: O mM (Q), 20 mM (A), 50 m4 ([J);
100 mM (Y7 ).
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Fig. 2.2. Effect of CaCl, and NaCl concentra-
tions on the rate constants for thermal inacti-
vation of carp myofibrillar Ca-ATPase under low
ionic strength.

Myofibrils were suspended in distilled water
(a) or 0.16 M KC1l containing 40 mM Tris-maleate
(PH 7.0) (b). CaCl, (Q) or NaCl (A) was '
further added to the suspension at the indicated
concentrations on the abscissa. Then the suspen-
sion was heated at 38 °C. Other experimental
conditions and the method for ATPase assay were
the same as in Fig. 2.1. The first order rate
constant (Kp) for inactivation of myofibrillar
- Ca-ATPase was calculated using the relation,

Kp = (In Cy - 1n Cy)/t, where C, and Cy are the
ATPase activities of myofibrils before and t
seconds of heat treatment.
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Fig. 2.3. Effect of CaCl, and NaCl concentra-
tions on the rate constants for thermal inacti-
vation of myofibrillar Ca-ATPase of skipjack
tuna and tilapia under low ionic strength.

Myofibrils were suspended in 0.16 M NaCl
containing 40 mM Tris-maleate (pH 7.0). Heat
treatment was conducted at 38 °C in a medium
containing various concentrations of -CaCl,y, (Q)
or NaCl (A ), and the first order rate constant
(Kp) for inactivation of myofibrillar Ca-ATPase
was calculated as described in Fig. 2.2.

The ATPase assay was carried out as described in
Fig. 1.4.
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Fig. 2.4. Effect of CaCl, concentration on the
thermal stability of myofibrils of carp and
tilapia under the fixed ionic strength.

Carp (Q) and‘tilapia (A) myofibrils were sus-
pended in 0.16 M NaCl containing 40 mM Tris-male-
ate(pH 7.0) with various concentrations of CaCl,,
and the ionic strengths of the myofibrils suspen-
sions were fixed to 0.21 (a) or 0.26 (b) by mixing
the calculated amount of NaCl.

Procedure for the heat treatment of myofibrils
and the measurement of Ca-ATPase activity were
the same as in Figs. 1.4 and 2.2.
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Fig. 2.5. Effect of CaCl, and NaCl concentra-
tions on the rate constants for thermal inacti-
vation of myofibrillar Ca-ATPase of walleye
pollack under low ionic strength.

Myofibrils were suspended in 10 mM (a) or
0.16 M (b) NaCl containing 40 mM Tris-maleate
(PH 7.0). Heat treatment of that was conducted
at 30 °C in a medium containing various concen-
trations of CaCl, () or NaCl (A). The first
order rate constant (Kp) for inactivation
of myofibrillar Ca-ATPase was calculated as
described in Fig. 2.2. '
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Fig. 2.6. Effect of CaCl, and NaCl concentra-
tions on the rate constant for thermal inactiva-
tion of myofibrillar Ca-ATPase under high ionic
strength.

Myosin B of skipjack tuna, carp
pollack was dissolved in 0.5 M NaCl containing
40 mM Tris-maleate (pH 7.0). After mixing with
varied concentrations of CaCl, ((Q) or NaCl
(A), myosin B was incubated at 38 °C (skipjack
tuna, carp) or at 30 °C (walleye pollack).

The loss of Ca-ATPase activity of myosin B was
measured as a function of heating time, and the
first order rate constant (Kp) for inactivation -
of that was calculated by th method described
in Fig. 2.2.
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Fig. 2.7. Thermal stability of myofibrillar

protein of various fish species in the absence
and presence of CaCl, or NaCl under low ionic
strength.

Myofibrils from ten fish species were suspend-
ed in 0.16 M NaCl containing 40 mM Tris-maleate
(pH 7.0). Heat treatment of myofibrils in the
presence and absence of 50 mM CaC12 (Q) or 150
mM NaCl (A ) was conducted at 30 °C or at 38 °C.

The data were plotted with the first order rate
constant (Kp) for inactivation of myofibrillar
Ca-ATPase 1in the presence of CaCl, or NaCl as
ordinate, and Kp in the absence of the salts as

abscissa.

l:Skipjack tuna, 2:Carp, 3:Tilapia,

4 :White croaker, 5:Lizard fish, 6:Gizzard shad,

7:Hairtail, 8:Sardine, 9:Walleye pollack,

10:Pacific cod.
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Fig. 2.8. Thermal stability of myofibrillar

protein of various fish species in the absence
and presence of CaCl, or NaCl under high ionic
strength. "

Myosin B from five fish species were dissolved
in 0.5 M NaCl containing 40 mM Tris-maleate
(pH 7.0). Heat treatment of myosin B in the
presence and absence of 50 mM CaCly (Q) or 150
mM NaCl (A ) was conducted at 38 °C.

The data were plotted with the first order rate
constant (KD) for inactivation of myofibrillar
Ca-ATPase in the presence of CaCl, or NaCl as’
ordinate, and Kp in the absence of the salts as
abscissa. : ,

1:S8kipjack tuna, 2:Carp, 3:Tilapia,

4:Lizard fish, 5:Gizzard shad.
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Fig. 3.l1. Change in thermal inactivation rate
of myofibrillar Ca-ATPase activity of walleye
pollack by treatment with CaC12 and by addition
of F-actin.

To the myofibrils suspension () in a medium
containing 10 mM NaCl and 40 mM Tris-maleate
(pH 7.0), 30 mM CaCl, was added (A).

After removal of CaCl, (A ) by dialysis against
the same medium, carp F-actin was added in an
equal amount of myosin content in myofibrils
(@). Thermal inactivation of their Ca-ATPase
at 30 °C was measured as described in Fig. 2.1.
Ca-ATPase assay was carried out as shown
in Fig. 1l.4.
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Fig. 3.2. Change in thermal inactivation mode

of Ca-ATPase activity of skipjack tuna myosin B
induced by treatment with CaCl,.

To skipjack tuna myosin B dissolved in
a medium containing 0.5M NaCl and 40 mM Tris-
maleate(pH 7.0), CaCl, was added to give a
final concentration of 50 mM. After CaCl,-
treatment at 0 "C for 0 (), 20 ([J) or 60 (QO)
h, the myosin B was dialyzed to exclude
CaCl, against the same medium. After removal of
CaCl,y, myosin B (3.5mg/ml) was incubated at
38 °C, and inactivation mode of Ca-ATPase of
myosin B was examined by the same manner as
in Fig. 3.1. As a control, the inactivation
mode of the same Ca-ATPase without addition
of CaCl, (A) was also examined.

63



Bk, BFOT 7 F U IcBRALEEIEZ > T 3T EESEE X NS, 5o
59> 22T, CaCl J0# % 60WeRE1T 72 > /=0 Y AMB% 0.5M NaCl, 40mM Tris-
maleate (pH 7.0) IZEMULHE L CTCallo2BEL =, ZOMBIZi LT, MBH
DEFEBIHLET 5D a4 DF-7 7 F> MEURIED0%) 2HEML =
&, 38CTHI#L TCa-ATPaseDKIFEEWEL 2. FREFig. 3.310RY, =
DFfERIZE B, CaCl LBz k> TEIEL DY #MB - Ca-ATPase DRI D
BRRE, F-77F 0B Mz &> TEBNEEDORIMAR—REHBIZLAEND &
LRY, ZOREREENEEEET S LOBEIDSNE,

3) CaClMBICE>TRIBAYT D 4S5 DMB-Ca-ATPaselt EEDIE T

Fig. 3.1l RLAE DI, Callalic k> TR 27225 M7 &S5 DM -Ca-
th@ﬁﬁ?%%@%wﬁ,P?ﬁ%y®%ME;oTE@Té:tﬁﬁm
HoN, FITRIZ, AF MY EITOMBIZOWTHREBEORE %174 - 7=,
Tabb, 0CIZBWTO0.5M NaCl, 40mM Tris-maleate (pH 7.0) 2L 7=
AT b X S5MB%, 50nM CaCl, CALIE L, Z0D—# %R ICBRTNEE L T
CaCloZ2BrEL =%, ZDCa-ATPase2FEL =, FER%EFig. 3.4iIoRT. &8,
HEE LT, CaCldRYIcZh&FU I 24459 2150nM NaCl % MBIz FRANL
FROMRE 174> /=, Fig. 3.4ick B &, CaCl AL L /= MBDCa-ATPaselt,
EMEITRREICIET L, 9RFMHBIC56%, UBERIBICIZIT%E 2o k. —F,
X H D 150mM NaCl % BN U 7=MBD Ca-ATPasetbiE i 2 DA L L 2 v o
Feo RUEMT CRER DN Y 4 OMB-Ca-ATPaseli £ < EE LRV L ks
BARED, ZHEATF NI ESLDOREREETHS, ZORETIZBIFSA
7 N9 & 5MB-Ca-ATPase DARTE T — KRB IZ L2280 (RERIZBIRL W)
ZOKpIE2.0X10-5- 51T H - 2, = DEIZBEH DA 7 b £ 5 OMB-Ca-
ATPaseD 0 Clz BT 2 BEMHEE (FL=vA70y ML YVEH) JYBED



Incubation time’

( min )

—_ OO 100 20 30 40 50 60
| I I | I I T
o :

> A\

:S R§T§? \\\\f:\\\ﬁ5

,‘3 O\ SaTo |
0] : NG

H O~ A:\\\\\\\\‘Q
Sy AN

D O A
o] \

>

-

.-U

@)

; \
0 20

0

(8]

A

E.‘,

P

o

n | I ! ! ! ! |
Fig. 3.3. Effect of the addition of F-actin on

thermal inactivation mode of Ca-ATPase activity
of CaCly-treated skipjack tuna myosin B.

To skipjack tuna myosin B dissolved in 0.5 M
NaCl containing 40 mM Tris-maleate (pH 7.0), 50
mM CaCl, was added. After treatment for 60 h at
0 'C (Q), the myosin B was dialyzed against the
medium without CaCl,. To the dialyzate, carp F-
actin was ‘added in an equal amount of actin
content within myosin B (A). As a control,
myosin B without addition of CaCl, was dlalyzed
as the same manner as above (A).

Thermal inactivation of Ca-ATPase activity
myosin B at 38 °‘C was examined as in Fig.

of
3.1.
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Fig. 3.4. Change in Ca-ATPase activity of
walleye pollack myosin B induced by treatment

To walleye pollack myosin B dissolved in 0.5 M
NaCl containing 40 mM Tris-maleate (pH 7.0),
CaCl, was added to make a final concentration of
50 mM. During treatment with CaCl, at' 0 °C, a
portion of the myosin B was taken out and dia-
lyzed against the same medium to exclude CaCl,.
Ca-ATPase of the dialyzates (()) was measured as
a function of time at 0 °C. As a control (A),
150 mM NaCl was added to myosin B in place of 50
mM CaCl,, and their Ca-ATPase was measured
in the same condition. Ca-ATPase assay was
carried out as shown in Fig. 1l.4. ‘
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Fig. 3.5. Change in thermal inactivation mode of
Ca-ATPase activity of walleye pollack myosin B
induced by treatment with CaCl,.

To walleye pollack myosin B dissolved in 0.5
M NaCl containing 40 mM Tris-maleate (pH 7.0),
50 mM CaCl, was added. After treatment with
CaCly, at 0 °C for 0 (QO); 4 (A), 8 (OQ) or
24 (V) h, a portion of the myosin B was taken
out and dialyzed as in Fig. 3.4. As a control,
150 mM NaCl was added to myosin B, and immedi-
ately(@ ) or after storing for 24 h at 0 °C
(¥), the myosin B was dialyzed as above.
The dialyzate thus obtained was incubated at 30
°C, and thermal inactivation of its Ca-ATPase
activity was measured. The method for Ca-ATPase
assay was also as in Fig. 1.4.
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Fig. 3 6. Change in Ca-ATPase activity of
walleye pollack myosin B induced by treatment
with CaCly in the presence of sorbitol.

Walleye pollack myosin B was dissolved in 0.5
M NaCl and 40 mM Tris-maleate(pH 7.0) containing
1.0 M sorbitol. During treatment with 50 mM
CaCly at 0°C, a portion of myosin B was dialyzed
against the same medium containing 1.0 M
sorbitol as a function of time. After removal of
CaCl,, Ca-ATPase activity of the dialyzate
was measured (@) as in Fig. 1.4. As a control,
change in Ca-ATPase activity of myosin B induced
by treatment with CaCl, in the absence of
sorbltol was examined ().
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Fig. 3.7. Effect of F-actin on the change in
thermal inactivation mode of Ca-ATPase of wall-
eye pollack myosin B induced by CaCly in the
presence of sorbitol.

As described in Fig. 3.6, walleye pollack
myosin B was dissolved in a medium containing
1.0 M sorbitol, and 50 mM CaCl, was added to it.
After treatment with CaCl,y at 0 °C for 10 h,
the myosin B was dialyzed to remove CaCl,
against the same medium containing sorbitol ()
To the dialyzate, carp F-actin was added in an
equal amount of actin content in myosin B (A).

As a control, myosin B without addition of
CaCl, was dialyzed as above (/).  Thermal inac-
tivation of Ca-ATPase of the dialyzates thus
obtained was examined as in Fig. 3.1, except
incubation was conducted at 25 °C.
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Fig. 3.8. Change in amount ~of actin and
tropomyosin released from walleye pollack
myosin B induced by treatment with CaCl,.

To walleye pollack myosin B dissolved in a
medium of 0.5 M NaCl and 40 mM Tris-maleate
(pH 7.0), 50 mM CaCl, was added. During treat-
ment with CaCl, at 0 °C, a portion of myosin B
was dialyzed against 0.1M NaCl and 40 mM
Tris-maleate (pH 7.0). The dialyzate was cen-
trifuged at 10,000 xg for 20 min to separate the
supernatant and the precipitate. A fixed
volume of the myosin B and the supernatant
from it was subjected to SDS-polyacrylamide
gel electrophoresis using a 10 % polyacrylamide
disc gel containing 0.05% SDS.

The amounts of actin ( O ) and tropomyosin ( A )
released from CaCl,-treated myosin B were deter-
mined by measuring the absorbance on the gel rod
at 640 nm and expressed as relative intensity (%)
on the basis of actin and tropomyosin content of
native myosin B. As a control( @ , A ), 150 mM '
NaCl was added to myosin B and treated in

the same way.
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Fig. 4.1. Changes in breaking strength of salt-
ground meats containing different concentrations
of CaCl, during setting.

Frozen surimis of skipjack tuna (a), carp (b),
and walleye pollack (c) were partially thawed and
ground with 3% ©NaCl in the absence (O) and

presence of 2 (A), 5 ([J), 10 (¥) and 20 (o)

mmol/kg (surimi wet weight) of CaCl,.

The salt-ground meat was stuffed into polyviny-
lidene casing ( ¢ 30mm) and incubated at 30 °C for
different 1length of time. The 'setting gel"thus
obtained was sliced into 2.5cm thickness. The
breaking strength of the setting gel was measured
with a rheometer equipped with a ¢ 5mm plunger as
a load value (g) from the breaking point.
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Fig. 4.3. Temperature dependence of rate and extent of

increase in breaking strength of salt-ground meat in-
duced by CaCl,.

The salt-ground meats of skipjack tuna(Q). carp (A)
and walleye pollack ([]) containing 0 or 5 mmol/kg of
CaCl, were incubated at 10-40 °C for setting. The meas-
urement of the rate (vpg) and the extent (epg) of in-
crease in the breaking strength of their setting gel
were as in Fig. 4.2. The increasing rates of vpg (a) and
epg (b) induced by CaCl, were calculated by the follow-
ing equation:

The increasing rate of vgg Or €pg induced by CaCl,
=(vpg OF eps of salt-ground meat containing 5 mmol/kg

of CaCl,y)/ (vgg OF epg of salt-ground meat without
CaClz) .
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Fig. 4.4. Effect of CaCl, concentration on
change in solubility of myofibrillar protein in
salt~ground meat with SDS, urea and 2-mercapto-
ethanol medium during setting.

The salt-ground meat containing 0-20 mmol/kg of
CaCl, was incubated at 30 °C for setting. The
setting gel was homogenized with 60 volumes (v/w)
of 20 mM Tris-HC1l (pH 8.0) containing 2% SDS, 8 M
urea and 2% 2-mercaptoethanol, and heated at 100
°C for 2 min, followed by stirring at 20 °C for 22
h. After centrifugation at 10,000 x g for 20 min,
the amount of soluble protein in the supernatant
was determined by the biuret method, and expressed
as a relative value (%) taking the amount of
soluble protein of each salt—gfound meat before
setting as 100 %. (a): skipjack tuna, (b): carp,
(c): walleye pollack. Symbols are the same as in
Fig. 4.1. ‘ '
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Fig. 4.5. Changes in subunit composition of

myofibrillar protein in skipjack tuna salt-ground

meats .containing different concentrations of CaCl,

during setting.

(Text continued on next page)
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Fig. 4.5. Changes in subunit composition of myofibrillar
protein in skipjack tuna salt-ground meats containing
different concentrations of CaCl, during setting.

The salt-ground meats containing 0 (a,b,c,d) and 5
(a’,b’,c’,d’) mmol/kg of CaCl, were incubated at 20
(a, a’), 30 (b, b’y, 35 (¢, c’), and 40 °'C (d, d7) for
setting. The salt-ground meat and setting gél from it
were dissolved in a medium containing SDS, urea and 2-
mercaptoethanol as shown in Fig. 4.4. Each 25 ng of the
soluble protein was applied to SDS-PAGE using 5 % poly-
acrylamide gel by the method of laemmli.32) The protein
on the gel rod was stained with Coomassie Brilliant Blue
R, and identified from its mobility as follows (Ref. 31):

(Q): myosin heavy chain (HC).

(A ): cross-linked myosin heavy chain, migrating into 5%
polyacrylamide gel (HCn).
(0 ): components corresponding to cross-linked myosin

heavy chain, too large to migrate into 5%
polyacrylamide gel (HCn').

(@ ): components corresponding to cross-linked myosin
heavy chain, too large to solubilize into SDS-urea
buffer (HCn").

(¥ ): components migrating between myosin heavy chain and
actin (x).

The absorbance at 640 nm of each protein component on
the gel rod was measured with a densitometer, and the
content was determined by the following equations:

HC, HCn or x = S(I/Tg)(Tg/Tp)=SI/Tp (%).
HCn’= S(Tp-Tg)/Tp (%).
HCn"= 100-S (%).
I: Absorbance of each component on gel rod.
S: Solubility (%) of the meat into SDS-urea buffer
(cited in Fig. 4.4).

Tp: Sum of absorbances of all componénts giving from

surimi before setting.

Tg: Sum of absorbances of all components giving from

setting gels. ‘
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Fig. 4.6. Changes in subunit composition of myofi-
brillar protein in carp salt-ground meats contain-

ing different concentrations of CaCl, during
setting.

The salt-ground meats containing 0 (a,b,c,dj and
5 (a’,b’,c’,d’) mmol/kg of CaCl, were incubated at
20 (a, a'), 30 (b, by, 35 (¢, ¢’), and 40 °C
(d,d’) for setting.'The contents of protein compo-
nents in salt-ground meat and setting gels were
determined by the method described in Fig. 4.5.
Symbols are the same as in Fig. 4.5.
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. Fig. 4.7. Changes in subunit composition of myofi-
brillar protein in walleye pollack salt~-ground

meat containing different concentrations of CaCl,
during setting.

The salt-ground meats containing 0 (a;b,c,d) and
5 (a’",b’,c’,d’) mmol/kg of CaCl, were incubated at
20 (a, a’), 30(b, b’), 35(c, c’), and 40 (d4,d’) °C
for setting. The content of each protein compoé
nents was determined by the method described in
Fig. 4.5. Symbols are the same as in Fig. 4.5.
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of decrease in myosin HC
as a relative wvalue
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The content of myosin heavy chain in salt-

ground meat_or setting gel was determined by the

method described in Figs. 4.4 and 4.5.

are the same as in Fig. 4.2.
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Fig. 4.9. Temperature dependence of rate and extent of
decrease in myosin heavy chain in salt—ground meat
induced by CaCl,.

The salt-ground meats of skipjack tuna((Q), carp (AQ)
and walleye pollack ([J]) containing 0 or 5 mmol/kg of
CaCl, were incubated at 10-40 °C for setting. The
measurement of the rate (vye) and the extent (eye) of
decrease in myosin heavy chain in the setting gel were
as in Fig. 4.8. The increasing rates of vye (@) and
eye (b) induced by CaCl, were calculated by the
following equation:

The increasing rate of vye Or eye induced by CaCl,

= (Vyge OF eyc of salt-ground meat containing 5 mmol/kg

of CaCly) / (vge or eyc of salt-ground meat without

CaC12 ) .
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Fig. 4.10. Relation between cross-linking ability
of myosin heavy chain and gel-forming ability of
salt-ground meat.

(a, b, c): Vgg versus vge. (&', b’, ¢'): eng
versus egc. Data of skipjack tuna (a, a’), carp
(b, b’) and walleye pollack (c, c¢’) for estimation .
of Vpgr Vycr ©pg and eyc were quoted from Figs.

4.2 and 4.8.
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Figs. 4.5, 4. 6B X U4.7TDF— 205, Gel(-Ca) B & U'Gel (+Ca) oD FH DHCh,
HOn' 3 & OHC” DR B ERD, I4YVICOBRSRE DBEE S0y b LA,
WREFig. 4. 1LY, 28, IFVVHOBSBIILY OFEIZBT 33
ZYVHBDETRDLLUE, 3, HVT0HE, BicFig. 4.51RLELD
iz, Gel(—Ca})EPc:c;tHCn’ LHOR"IXERRE T, HOnZZ W 8B L 248, Z DR
BRIAVVHOBHSBLIEE-BLTWE, —F, Gel(+Ca) BV Th,
IFVUHCOBADEHNP0%ICET 2 £ TIRIZIFSE L WEDOHCNIER L /=23,
ZOWHSEDP20% B2 2 LHOnD RIS L, F0hb Y IizHCn 2880 /=,
it,:@i5&&jvymwﬁéa%w§§W®$mwﬁE%%@,:4@
Gel(-Ca) &L Gel (+Ca) DB EIZBWTHRETH Y, a4 DGel(+Ca) DA T3
FYHCDBAENIS% EHEX 2 LU BMERTZENLTNCEL>TWS
EITHo7, Wi, A7 MY ES5DHEE, Gel(-Ca)LGel(+Ca) izt 3
3FVVHDBALE FDLBEOEROMOBERIZIE, ED2ABDEAL I
RELRIENBD SN, T2bb, A7 b7 X 3M6el (-Ca) TlX, »“WTFho
BYVEEICBNTDH I A Y VIO EH35% 12T % £ TIRHCnD B AN ASER
Do, —%, Gel(+la)DHEE, 34V VHOBHENI0% 2822 &
Wo 2 AR L 2HCnid 0 U A4 LU THCY LHCn " BER T 208, =512, 3
Z Y VHCDOBHBEDA0RL Eiz 722 &, ERL 2HCn’ B4 L THCn” H3 B -
%Mbtouiwﬁﬁﬁ,%Hﬂw&%waﬁﬁ,%m%%ﬁTéif&V
HCZBEDDF I XPEBRBBHTRLZ>THY, ThBZELL, ZhE
NOTFNVHEICFEELTWB I L ERBLTWS, |

22 TRIZ, SEBOAEII SV TCCLBEDRLZHEL VEASY L
I OHCn, HOn' B X UHC"DAERE L 20WHr DBERERELE, bbb,
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Fig. 4.11. Effect of CaCl, on change in contents of
cross-linked myosin heavy chains of salt-ground meat
during setting. ‘ '

The salt-ground meats of skipjack tuna, carp and walleye
pollack containing 0 or 5 mmol/kg of CaCl, were incubated at
20-40 °C for setting. '

The contents of cross-linked myosin heavy chains in setting
gel, expressed as HCn (A ,A), HCn’ (O,M), and HCn" (O, @)
cited from Figs. 4.5, 4.6 and 4.7, were plotted against the
content of decrease in myosin heavy chain (-A(HC)).

Open symbols: salt-ground meat without CaCl,.
Closed symbols: salt-ground meat with 5 mmol/kg of CaCl,.
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RIBEYTa=y VD OHER L ZOBERES I UONMHEEECLLT,
Fig, 4. 12108 L A, ZRIZEBE, WTFROAEDOEAD, CaClIEAI10
mmol /kg AT DAMITIE, WBED LRIz TRY IV ORBEBIREEL,
ZNICHIBLTRYFNVHFDI 4V VHCE BEDAHBBINT 22 e BNREh
Fzo =L, ABIDCaCl R 23 10mmol kg2 A 5 L, ZDOREBIHRE ITPPE
T30, ZOBRICRIFTYUVIIBRBEDEH LERSDEROELIED
DRE B2k, Tz, BYTNVOMAMERE, HYVFE L DHEICITHE
MELFAUCERTHERBL A, —F, A7 My FS0BE1ciE, WEoCaCl,
BEXSmol/kgZTRHETVESLRVDY, TANETRESILTEY VO
LBPhrEPtEbhamERLE Thbb, ZhoDiERE, Callaiz &
DTRYTNVERBRTZ2IF Y VIR EBEDER L HBRIEE LT, EREL
TEZOMEPERTEILE2RLTWS, 2B, BYVFIVOBMIBREIEL S
WEERLTWEAT MY FS0HA TR %<, Zhick<as ngé
IZIZHCD’ 2%, 2 U CHMIC 7 IVEHE 088 72 A Y 4 CIZHCn D% WWMEFE A
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Fig. 4.12. Comparison of subunit composition of
myofibrillar protein of setting gel formed at 30
°C and breaking strength also with breaking strain
of the same gel. '

The salt-ground meats of skipjack tuna (a), carp
(b) and walleye pollack (c) were incubated at 30°C
for 10 h. (skipjack tuna, carp) or 1.5 h (walleye
pollack) for setting. Data were quoted from Figs.
4.1, 4.5, 4.6 and 4.7. In Fig . 4.12, the breaking
stress (mm) at breaking point of the same setting
gels were also shown. ' ‘

(@): HCn", (E): HCn’, ([J): HCn,

(M): HC, (E]): Actin+tropomyosin,

(N): Sum of other components.
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CaClo X RBEDHWMID I 4> VHIDS BIERIGEIEL, 89 XNV M s E
ERXPEDEELZHOD, WHRELZELLED2 (Thbb, WEetRET
) OB e BHIrD SN, TR X, Call, 2 EDHKTHEL 247
BROTTVEEHETZ L, 20Call TV HOETYRICBT 35V
HUTHREERIFTZLVNHLNTH R, b, BREROE M 287
He b 2ABEOAMO S VERIBIEFL LU 2Call,n B8 s K& 2318
FMPRENEDT, LYBEIchiREORMIZ OV TCaClLOBROK &
EEFMIARZBERDZLEDLNS, £, FHHOCCLIEEDNS ~10
mmol/kgiz/2 2 &, MEFEMAAZIBEOAEORMIIVTHER S VIET 2
X220 2%, CaCloDRRIIAMI % BT 2 BE LML RkETRE L
BB PEOT, KR ILETRSY Sk KB CBRY 5 - 2 SAEETH 3,
ABOREO T4Y] 213, 34 VDS RIERISIEMES ¥ E0E& T
HBHELEBRENDDOH D, 312710780760 L ARLEIFTY VDS E
BORTTDXGT Y 4 XDMEERS 7938 ) FLOPHEIcEELTWS
LERTHBEDREINTWS, £2T, AHETE, FIWEIZRIETCaCl,
DEHE%E, IFAVVHDZBIERBEOELLEESF TR LA, 20BR,
WTFhDABIZENTH, YV BIEIREFROI 4 VICOBAEE L 20
TR B DR BEEE DR 123 E OB R ORIIT 2 = L R b, 7
nwz, CaClaiz &> THRBO S IWVERGED 5 h 28 EIE, I 7Y VD
SERILESIMES N AR TH B L AW S NS, 7, CaClants 4o VHC
SEEDERBRZODFIA X BEL*RET LML R 2, TR
Lo, AVIR 2L ORBO T VEDFEE, CaCliBE (10mmol /kgBATF)
DEFIHE->TIAVVHCHKEEICHES L TZOZBERERL, T0EL 4
VIV OBRKREOCHEICEOHBERBEDOhE, —F, AT MY EIDOH
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MOTIVEDEEIZIE, EO2ABOBELIXERY, 34V VICORD L
ﬁ%@éﬁﬁ%@@uﬁzu,s%vymmﬁéﬁﬁﬁwbﬁﬁﬁﬂtor%
BELALEDL b ok, LIL, CallLftETFTDBSIERTIYRTY
AADRENIZYVHIZBEERZBICERT I LR ETH- -, 2B,
CaClo 2 @MU A T MY X SOBY FIVTCIE, MAEMETLTZDOLAD
PEBRONBERBIBOONED, Thik, STV UVICOSEBENRERILL
TERIELERRBZ LD ICBbh3, 3

CaClod3X 4> VHCD S BALKIG % (BT 2 KIBBEIIRZH S HTIR AL
2%, (DCaClaiz KB2AMD S NEL 34 VHDSBIERB /T 2R T D
REMRIT, LVRERMEVRIEPSERZAE (HVF) OBBicBWT
BEECRDONE, UL, ZOEY2AEHORMIEZCARIESMELIZ W
D3 dH 5542-802- 80 1 g CaClL, HET CHR S N3 8Y L5 VB
KRL LTIRIBTHY, KERPFIA ADIFY VIS BRIEDERIIE S
B0, =75, Q)RRELMIZVRIEPLRBAT NI XS5 ORBITI,
CaClyiz X A{EEHRIE AT FAX VR, &K, FIELRTL, 34V
HCh % BIER G D THL #ITT 2729, CallREXRRIAY VDL &
HEEERT DI E. ZhoDEENS, Callic k2 33V VHCDS
BERDOREDNROAEMICB T 221X, ABE TR Y 7 EORBENE I
DY DEBRDB L ERBRLTWSbDEEX OIS, -, Q)T VY
DERBETIMNIAVUTHEN, ZRBIEBMNTEZIURIEEMEI 4
YUVHCTH>T7 7 F UL BEE L ARWESE, 3.2 WAEO7I ]
ALV ERBREONCIOFET, ¢ o itld Mt —F—DEE Y VRED
HETDULBWTTIF U IV UV HOBMENTE E 2FEBIHMLhTY
B, BICH2BLEIBTRALLI I, G)RRETI BT 2AEON &
YRIE, R (BRBEEE) 3CaClaic &k > TR E 2#EELLE T,
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(4) LBEUDHAKERTHDT, BTN Z Y I E iz oW THRE UL
BIoTWBARESEASNE, LENST, ()b (6) Ik ks EEE %
BB, WHEODI Y U ICOSRIERISDCC], - & B{EER, FARD
TIMIFVUICRIBREGBERLIZL>TERBI B DD LHEEFETE
3.
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BEE ARTYSOMEREC S 3RS o BORE I RIEFCaC],
DEE

HEIEMSEABIIBWTE, CaCl2NE TV DO ERDTH BN 2R
JEDOEERCEEL2 RIFTEEICODVWTRRE, 22 TAETIE, Calld
FTTAREZKELULEL THRHETYE2]ET 2 TIcREZERTES. 2
RASVRIEORE L, 2RIz RIFTEECREBICOWTKRE LA, F -,
BT U H D VBRI L 7 0BT 30 0BT n THR
L, TNOORELS, BET Y FOREIC B 2Cal LIEDOSRE & RET
LRDEITR DI,

5. 1 CafLEEMALARETYROREBRBLSI2BAFORE
B5 DEAL

1) AERADCaDRIE

EU®IZ, TITHWARET Y ZOBESEOBK%Fig. 5. IR, ¥
Bbb, FELIOTFERAT I NILSOELEE AEE (v/v) DCaCl I8
DRBBWUE NaClT [ %0,06123%) iz BBL, 109REEA L TCallf
LefTao k., b, WLLAERORE L SBRBHOCCILEEIL0, 580
15mM GRRIBEE) (B L =, Wiz, ZOARABEBREFI OV A7V —V TR
WL, TOMIEAENOWEEREL£S, =% EOR UCaCLEEDHL
WP SRR U C Callf L AL % MR L 7, 52 CCalli LA DB 2 1 0o B0
PRI AN, FHES50ke/co® CLODMEL TR 2HREL, BAkR:SE
2o ZOBKAEIZ80%YVIVE b=V E0.2%BEAY VBRESEBEA LR, av
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Fig. 5.1.

IMinced meagw

|

Wash with 4 volumes (v/w) of a cold aqueous

solution of 0, 5 oxr 15 mM CaCl, (I=0.06)
at 5~-7 °C for 10 min

Filter through screen

Flesh from l1lst wash

Wash with the same solution at 5-7 °C
for 10 min

" Filter through screen

Flesh from 2nd wash

Dehydrate with a hydraullc press of 50 kg/cm
for 40 min at 8-10 °C

Dehydrated meat

Mix with 8% sorbitol and 0.2% polyphosphate

Freeze with a contact freezer at -30 °C

Frozen surimi

Outline of procedure for processing frozen surimi.

- 105 —



BRIV —2AWTAREFEL THERERT Y H28IEL, ZRicit4 2%
T—30CTHBL k.

Fig, 5. lIZAR L 2R NHEEBEMNCREO—HE29HBML, 2honCalEE (R
B kgBERS DTS2 IVEVRTEDLA) 2HEL A, BEE
Fig. 5.2i2R¥. 2hickd &, FFLRATMNISLSOELHIE, &K, 2h
Zh2.08 XU %mol/kg (RER) DCak BATWSY, “h#Call,2&%
BOWKHATHUMABE L 2581, REFOCABERBLIRSL, 8EL -
WRT YV FOCBEIHAEDEE L HHT50. 2om0l /kg (REE) Lo,
—7%, CaClo2 EOHEPCHHLAME 2T 2> 288101k, BEOCaEEIIED
M EF LU, B 1EHEOCaHALLE (100R#ITA) 2R -HEDCaBE X
FERAREICEL, BLEPOCABEICERT 2 X dickhok, Thbb, &
LUH % 5oMB & 0'15aM CaCly % &0 OO LALEE U CHIME L A% Y Bic
SENBCaRIE, V0 SFOBETEINENS Imol/ke (REE) b LrI21
mmol/kg (RER) , FAATF MY EXSOBEICE, #FNFhd. Smmol /kg (JBE
B) BLU12.9mol/kg (BER) 4ok, 28, CaliLAHEERORE I
BAT, MRTYEFHOCEBENPRPETLTVEDIE, YIVEF—LVBIT
BRVVBEORGIZERLTWAZ ENHEL LI > THRIOSNE, B ED
R IE, AARFOCahAEDRAKIHE> TEPPIZZOFIZEREL, Z0XE
BETVEESFIEBITLTEERBZEE2RLTVAS,
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Fig. 5.2. Change in Ca content of minced meat
during preparation of frozen surimi through CaCl,

washing.

The minced meats of white croaker (a) and wall-
eye pollack (b) were washed with four volumes
(w/v) of a cold aqueous solution containing
0 (O)r 5 (A) or 15 ([]) mM CaCl, as in Fig. 5.1.
Ca content of the minced meat from each stage of
processing frozen surimi (in Fig. 5.1) was meas-
ured by an atomic absorption spectrophotometry and
expressed as mmol/kg wet weight of specimen.

M: Minced meat (@).

Fl: Flesh from lst-washing.

F2: Flesh from 2nd—washing.

D: Dehydrated meat.

S: Frozen surimi.
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2) REBROKSEMS VY ROIBEOTIL

WRT Y HFOBERB B 2R NEEEISNED—H 2 2WMLT, 20
Kok, HEVAIEBIUM AV RV ERBEFE LR, BRE £ LD TFig
5.31mR 7.

27, BEARCBIPNEDKDBOE/ETRLEFig 5.3 (a, b) i2&
B2, WFAOAEOELFBHELOTRIIBWTHRALTHEL, 2ho0
KOWRHELULEERRT Zick>TEHIcHMLA, BWLIRICIBIIZIRE
DA IECCLLEFETORETHRBICBEEBEINAD, REDCaBERERT
L EDKDOBINTHF S 0B EMERL A, Rz, WLUAEDIZEBEL -
REEBADOTRIC B TZOANIEST 58, Cafi L %177 - /- BV 1B
KENGHL, ZOKRSGEIFELFOZFh L FIFSLWMEETEEL . —F,
CaClo 2 B £ R WKTHLLE L2 TR AREDLSIZKDOBRENEEY 220,
BLEODKSEIVDEWMEIZE Y E o,

MEREICBUT2AEOH AV RIB LM E VR IBRDEIL:E EhEN
Fig. 5.3 (¢, d) 8L (e, ) IZRLE, ZhiZE2E, ZhEORPOE
BIEADOELL B2 BOEEERL, BLOTRTW - EARSD LER,
Bk TRz Lick>THMUE, £, ERBLAVTIhOIRIZBNT
b, HEDCUREEN LRET2LZ0OHICEThI2HLA U RIBLME VR IE
BB 2 EAERLA, Thbb, HELEECCl 2 2RV KBTHEL
MEBLTHEARRERTYHFONM LV RIERE, Yol F0EE&T13.3g/100g
(RER), £, 27 by FSOHATIZIL0g/100g (RER) TH30IH
U, %U&% 5uls X 0150M CaCly % 40 Akeh CHl LI L TR0 L - i+
YHHONES VR BRIE, YR T FOBETENTRIL.4g/100g (RER)
BXUIT.18/100s GRER) , &%, 27 kv #50BAIN, Thehlsd
g/100g (BERE) 5X0'13.7g/100g (RER) LZBok, Thdx, Cafli Lk
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Fig. 5.3. Changes in moisture, crude protein and
myofibrillar protein contents of minced meat
during processing frozen surimi through CaCl,
washing.

The minced meats (@) of white croaker (a, ¢, e)
and walleye pollack (b, d, f) were washed with
cold water containing 0 (Q)r 5 (A) or 15 (O) mM
CaCl, as in Fig. 5.1. Moisture was determined by
drying the meat at 105 °C for 18 h. Crude protein
was calculated by multiplying the nitrogen content
by a factor of 6.25. The nitrogen content was |
determined by the kjeldahl method. Myofibrillar
protein was quantitatively prepared from the
minced meat by the method of Katoh et al.?25)

The calcium content of minced meat was measured as
in Fig. 5.2. Alphabetic codes used are the same as
in Fig. 5.2. '
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ERAVWTIWETYHE2MET 2L, BHETVEHONM 2 VRV EE (%) 8
MY eBHONTHD, 48, BARCHRNMDE2EST2IRICBNTR
WEOKS, HAVRIE, BIOMEYAIEOEERE (%) BuThbEHd
LD, TREYVIEN—VEBRY VBE2HRNLEAERLLTEI -2
EFEIL IS THIOENE,

3) MEDLOKEMES Y NOBOREENS /N BORRE

BT Y B ORERE B CREN TR AN 4V BEORME,
2, BERKEES A ESORAIRE S NARRL LTE- 3L 225
T3, 922980940 KB THWAEAYOATFERFXr NI LSOELEHOD
Hﬁgﬁli%ﬂ%’i’b&1%334:@0.3%&%)33#'6&07’:0)'6, IS DENRE
{ERMEEZ U RVBEOBBIZRZNELCHELRIFERVDDEMETE S, £
ST, BRTYHONEERTE ZHWETFOKEES VA BROELIZS
WTIRE L /=, #R%Fig. 5. 4R, b, WEPFOKBEEZ R 7EEIT
HMAVRIEBEME VRV ERBOZEL LTHEIZE > TR A, 7, Fig
5.3THRULALDI, REFOKSERIEMETRKELEALRBDT, RWEH
DA ERENENORBEOEL FHOKSE (207 FOBEC LT, 1%,
$r, A7 MY FSOBAIHELE%) LAUKoA BARRELT, K
PR v Ry EBAEMEL THORBL A, Fig, 5.410 55, FAMORT
DRI 28 7 TR ISHE LML DRAT I > Th 2 ZRD T 2B E R L.
2B, BETYHROKEES 2RI BESBEAEOZNIZEAT SRV DI,
BALARIMORL ZET 5 L BHATEE0T, KBS I EOEE
CESFRBER Y BEORETERVEEAONE, 22T, SEERCE
FBKEES VR BOBDE L WES >ORERL maT L, BLEHPOHE
KEE TOMOBERIE, Y07 FOBETIHN0%, ARy b9 4S50S
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Fig. 5.4. Change in water soluble protein content
of minced meat during processing frozen surimi
through CaCl, washing.

The minced meats (@ ) of white croaker (a) and
walleye pollack (b) were washed with cold water
containing 0 (Q), 5 (A) or 15 ([]) mM CaCl, as
in Fig. 5.1. The content of water soluble protein
of minced meat at each stage (in Fig. 5.1) was
calculated as the difference between the contents
of crude protein and myofibrillar protein, and ex-
pressed by supposing the moisture in the specimen
was regulated to 78.1% (for white croaker) or
81.8% (for walleye pollack). Alphabetic codes used
are the same as in Fig. 5.2.
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BTIRA0% L 2o, AEL, CaliLEE2RAL THEDCABENEELT
B, BLAHEPSHEKETOBRBIZET 2 KBHEL VR IEORERITIZIFR
CHETHo /. U EDHERIE, AEFRDCaEEI 0 ~15mmol /ke (BEE) O
BEHETIE, WRTYFOMEER BT B KBEL VRV EOBPEICKRER
EEN2NZLERLTWS, |

Wiz, BERTVEOBEBRR TR AN Z U XV EDBERIZ DV THN-,
HRLERRIC BT HERONT 2 VRV BEDE(LEFig. 5.510R7. WEH
DMEE VR TERIE, FISRLEAKBEESI VR IVBOBRA LRI, WED
KAMEP—FIC 2B LICHELTHER LA, 7, BAEOELZDON A
YROHRE, Y TFOBETI2 /1008, k27 b SDEETIO
g/100gTH > 7228, HELAHE L ZIcHELBAIRBICBWTZOREI L 12
L, 2O%BL LCHARTON S SV EER, ¥07F0BETEIT.0
g/100giz, £AAT MY XS DBETIEIL.0g/100giEL =, Bd, TV HH
DOME 2 VR BREIBARDENIZEARBALTWSD, ZhiENYoE
AL TBIAZEPHEILL-THIOONE, T A, HELEOM
UALE s 5 BRI\ 72 B —EDSHEER I 5V T, MEX R ZBIEKIL 365 ic
BRES eI eNTES, EEL, FUBEBREICBT2HERON 2 >
ROEREZOHMNERBL LTHANE, BLEPORETYF VL2
BICDE>TEERT, BE—ENEEERLTVA, 512, Figs. 5.4&
5.5MF — AN oRMBEEREI-BT2HEHOKEBUL VRIBENE LR
HEDOAFELEBLAL 25, 2MERRIC LA TY OV FOEAIIEN
19g/100g, /=, A% MY &S DOBAIIIMLT/100en—EfE 2o/, Zh
HSOERE, BUEER TR ZHEFONTZ VR 7 EOBREIE, LA XKE
HEURIEBORFICEELTWAZEERLT WS, LAdoT, CaiflL
EERALTERTYI2HETIRICEB I AN VU RV EREDORINT, ®
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Fig. 5.5. Change in myofibrillar protein content
of minced meat during processing frozen surimi
through CaCl, washing.

The minced meats (@) of white croaker (a) and
walleye pollack (b) were washed with cold water
containing 0 (Q), 5 (A) or 15 ([J) mM CaCl, as
in Fig. 5.1. Myofibrillar protein content of
minced meat at each stage (in Fig. 5.1) was ex-
pressed by suppbsing the moisture in the specimen
was regulated to 78.1% (for white croaker) or
81.8% (for walleye pollack). Alphabetic codes
used are the same as in Fig. 5.2. |

- 113 -



HERIZEZEL 2Calz k> THEOBRKEMET L, BANMEEE WS LR,
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FAER%EFig. 5.6 (a, b) IZRLE., 4d, ARBICBT2HEDON &%)
BOBER, BLEDENE100% & LAEMETED LA,

9, Fig. 5.6 (a) IRLAYOTFDHSR, Callo2 & E VAP THEL
HEWULELTTY H28ET @R T, MEAURIEOREBIZRBS L,
KL TR T L 2RATRELIFOZOEDUBREDLNLT WA, 35
2, BROIBIZBWTHLTPICHD 2R, BLEAFOZLD 2 %23E 5
CHRH LA Z EWRENE, 2BRMPOBEESER TEIMIZ VI EORS I
Rohkhoiz, —%F, BLE% 5uME ~i3150M CaCl & T Tl LA L 7~
HEE, Calla 2 & ERVWAKHTHE LM R T2 > 2 BA ICHA, KEERE
BT BIME R TEOBELSDEENINEL 25AERL, 2EEE2EL
TOME R IEDBARIZIODU T Iz 2k, & 50z, Fig. 5.6(b)IcRL
AT RNOESTOREIIENTH, BLEECClEET CHHLAEL 254
i, Calla 2 BERVWARTHLAL 2 HEICHAT, HEERICBIT AN 2
ROBOHDENNE 2B L RESDE, £EL, WFNOABEOBAI
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Fig. 5.6. Change in relative content of myofi-
brillar protein during processing frozen surimi
through CaCl, washing.

The minced meats (@ ) of white croaker (a) and
walleye pollack (b) were washed with cold water
containing 0 (Q), 5 (A) oxr 15 ([]) mM CaCl, as
in Fig. 5.1. The content of myofibrillar protein
at each stage of processing frozen surimi wés
measured by the method of Katoh et al.25) The
relative content of myofibrillar protein at each
stage was expressed by taking the content of
myofibrillar protein of minced meat before washing
as 100%. Alphabetic codes used are the same as in
Fig. 5.2,

- 115 -
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FEBELVSBRU-ZAE,SEEMICNIEHARL, 25 2ONf-Ca-
ATPaseltiE M & 2FEH 2 WE L =, BRE2 L L O TFig. 5.TIIRY, =7, &
B & % 1 BME- Ca-ATPasc VB DZE /L % R U = Fig. 5.7 (a,b) ick 5,
YATFEAT MU ESDELHECaCl 2 EE R WAKPCHLNEL B4
ik, ZOBERED D B, KICBAKDOIRIZ BV TEE-Ca-ATPasekbiE AT
PERTTIERERLE. 72, FER» S80S D4R I 7~ BN Ca-ATPase
HEEOBAR ELEOZNEI0%L LAEHETEDLT) 2EHLEL
25, ZOEIHEAEOEELHHE%THY, BETEBDTHTMTH -k,
It L, SoMds XU 16mMDCall, 2 B0 KR THEL 2 LAE L 28B4 (C
ik, HEBRBEDOS bRICHATRIZBIT BN Ca-ATPase b {EHDE T OE S W
MRE o, TIT, Calli LEEIRA LABlT Y & OMEDLEE & i
LcEs Z)Mf'Ca—ATPasetl:?E’EODW’}‘E’@’E H#gLUELZ3,5mM CaCl T T
UL % (T - 2 BAICI6.5% (YR ZF) BIUC0.6% (X7 ES),
¥ 72150M CaCl 3% F CHi L LB 2454 - 2B A1, ZhZEh9.5% (Vo
JF) BLUI3A% (RFRUHS) Lok, Thdx, Calilic koTH
HoOCHREN LR T2 L, BEHTVHOMERRBIIBVTZOHIZE TN AU
BUNRTEOEEPET LR T R EPHENLTHZ, ZOERIZTFL
AT MY XS CRBCEDSNER, AT Ny XSOBADIED BEDESL
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Fig. 5.7. Changes in nyofibrillar Ca-ATPase
activities of minced meat during processing frozen
surimi through CaCl, washing.

The minced meats (V:¥) of white croaker and
walleye pollack were washed with cold water con-
taining 0 (O,@) 5 (A,A) or 15 ([J, M) mM CcaCl,
as in Fig. 5.1. The method for Ca-ATPase assay of
myofibrils was described in Fig. 1.4. The myofi-~
~brillar Ca-ATPase specific activity (a: white

croaker, b: waileye pollack) and its total activi-
ty (c) of minced meat were expressed as nmole Pi
liberation/min mg of myofibrillar protein and
pmole Pi liberation/ min 5g of sample wet weight,
respectively. Alphabetic codes used are the same
as in Fig. 5.2.

Open symbols: white croaker.

Close symbols: walleye pollack.
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NRIEPREEATZ 28, Rz, M-Ca-ATPaseDBEREHDENAEDS
BOEIPZOEECBRENEEERRLY, Zhd0RIE, Fig. 5.70
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BETHHET D10, KELISHAEITOIRE TE 22 FERICES
RS EP BT ER DT L NBETH D,

iz, BUERTERIC BT 2B DN Ca-ATPaseRVEM DL (L% Fig. 5.7 (¢)
IDRT. ZhickB L, AEDN - Ca-ATPase2VEMEME L, Z D L LE - £ -
TR U, BAIRTIIEML, S5 cRNDEREAT2ERTRXES
Uiz, ZOZERWThOAEORELRRICEESSBP, Fig. 5.3 (e, 1)
tﬁbt%ﬁTU%@%Eﬁﬂt%ﬁ%%ﬁ*@W&yﬂﬁﬁ@ﬁ%%kti
CEBILTWAE, %, CaliLEERAL LSS, WEON-Ca-ATPaseR TG
EAEROCABED ER > THREL 22EMERLE, Thbb, LY
20, 58&TI5mM CaClHEFT THELALE L CRIE L =T Y HONT-Ca-
ATPase27E ML, ¥ 0 JF OHEIZIEZE T h482, 5408 L 1581 umo!l Pi/min-
5g (TUREBER) 2, £/, AVMUESOHERICRENENIN, 204B &
U205 mol Pi/min-5g (§ 4 FWER) 4ok, UL, Fig. 5.50%H4/E
RIS, TRhENOREDOKGEELFOKMELECIc22 X D> IZHIEL T,
% DMf-Ca~ATPase2{EM R B L =& 2 3, Fig. 5.5 RLAENTA VRV ED
ENELEOBEL IEBL, KBELISBKIZWEZ —EDBRB THEMNT 5
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T, AEPFOM AU R Bz bToaNoEHRSEIE 300, Kifi
UEBAKICHE> TREHRONT S VR BENEL S BINT BHER E LTI Ca-
ATPase2VEMEENR LR T2 /-0, REORANEETY FOSEREZEIC
BADL WD ZLATE B,

5. 2 CaBREORLZIARAFTYFOEEIEM

1) Calf LiE2 AL TRELARETY RORBREERICEC 288 (5L

TSR EE & Mf-Ca-ATPaseth &) DL

Fig. 5. HIRUAGETHEL 2aBEDR 220 T FLAF MY ESD
FUEE-30CTS » AMKREL, 20MIET 5 7L IHREELNE-Ca-ATPase
HEEOEEERE LA, BRTYBFOFNVEREIEZ, Zho0mBo 4 v R
JEBEE®1200g/g (BER) CHSL A%, 30CTIORK (Vn/F) -
2.5 (A b &35) BEL, HWTICTI045RIMmER L THE~%Y-H
BV ORI & WET B = L 12 ko CHAL, A5, BREERLANR
LREU 2 IIREAFTAMOBBTRESRREL 2L 2550 LHBEID .
ZhoDWET Y EOFEBEBICED FIVEREDNDE({L%:Fig. 5.8 (a, b) I,
% 7, Mf-Ca-ATPaselLiE#EMZLEFig. 5.8 (¢, d) iom¥. &5, Fig. 5.8
(a, b) 2BWT, CaREDRLZIBET Y HH 5B~ 480 -JIES IV ORERT
BESREETEL  BA> TV 328, = RRBIERT 3 £ 5 1=Castaliio
TMERIBICEEERIEFLEABRTH 3,
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Fig. 5.8. Changes in gel-forming ability and
myofibrillar Ca-ATPase activity of frozen surimi
containing different amounts of calcium during
frozen storage.

White croaker (a, ¢) and walleye pollack (b, d)

frozen surimis containing different amounts of
calcium were stored at -30°C for eight months.
The calcium contents of white croaker and walleye
pollack frozen surimis were found to be 0.2 (O).
3.9 (A).or 12.1 ([]), and 0.2 (@), 4.8 (A) or
12.9 (@) mmol/kg, respectively.

The heat-induced gel was prepared from the
frozen surimi as follows: Frozen surimi was ground
with 3 % NaCl and incubated to induce setting at
30 °C for 10 h (White croaker) or for 2.5 h
(&alleye pollack), followed by heating at 90°C for
30 min. The breaking strength of the heat-induced
gel (a, b) was measured as described in Fig. 4.1.

The measurement of myofibrillar Ca-ATPase activi-
ty of frozen surimi (¢, d) was conducted by the
same manner as in Fig. 5.7. ' '
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BAREICBWTE, BT VEBOAMICCClL2MA T, 20X VEBEEL 3
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Fig. 5.9. Changes in breaking strength and break-
ing strain of salt-ground meats from white croaker
frozen surimis containing different amounts of

calcium during setting and followed by subsequent

heating.

White croaker surimis containing 0.2 (Q), 3.9
(A) and 12.1'([]) mmol/kg of calcium were ground
with 3% NaCl at a protein concentration of 120
mg/g wet.weight of surimi. The salt-ground meats
thus obtained were incubated at 30 °C for differ-
ent length of time (setting gel: a, b), followed
by heating at 90 °C for 30 min (setting-heating
gel: c, d). The breaking strength (a, c) and the
breaking strain (b, d) of each gel were measured

by the method described in Figs. 4.1 and 4.12.

- 123 -



1000 20r

(a) (b) e—e@ °
A/—A A . ) /
=t - m £} n—u
o S —
2 //,,o ) =
e ne £
=) / o
c fran
Q w0
« 500 10
@ e g
2 / =
~ @
g - @ @ |
o
0 1 1 1 1 1 1 ] 0 "1 2 1 i 1 3 3
0 1 2 3 0 1 2 3
2000r 20
(c) [(d)
€ —
-~ L E L /‘;ﬂjx 2
-— . c -
£ pAh——h ¢ 2{/.,._. "
4 /) . [ H!(
£ 1000f ¥ 4 =10
Y 4 <
£ o @
o A @ |
e
m
O"l_ [ 1 1 (] 1 ] 01. 1 1 1 1 1 5]
0 1 -2 3 0] 1 2 3

Setting time (h)

Fig. 5.10. Changes in breaking strength and
breaking strain of salt-ground meats from walleye
pollack surimis containing different amounts of
calcium during setting and followed by subsequent
heating. '

Walleye pollack surimis containing 0.2 (@), 4.8
(A) and 12.9 () mmol/kg of calcium were ground
with 3% NaCl at a protein concentration of 120
mg/g wet weight of surimi. The methods for prepa-
ration of setting gel (a,b) and setting-heating
gel (c,d) from salt-ground meats were the same as
in Fig. 5.9. The breaking strength (a, c) and the
breaking strain (b, d) of each gel were measured
by the method described in Figs. 4.1 and 4.12.

!

- 124 -



&, BYICH->THMARED ERT2EAEZRL, 20EIECa22EDLOD
ES5VRXVEMEICEL, T/, CalBE2. lnmol /kgd WEID & 5 7~ 4 Y — N2k
FNOMAELRGEETHY, B) 1 E>Th L AbTACET T 2 HA%
AU,

®iz, Fig. 5.10 (a, ¢) IZRLAEAT MY EFSORBOBEES, Z0Calk
ERERT DL T NWAENEREITL, 895V &8 Y -Es Lok
BENLYEWEISZELA, UL, CalEE»%0.2mmol ke WEITH, Zho
TV OBBRE ISR VMEIET B8, 7, 4.8mo0l/kgDCa%k &1 WO
WRESRDEBEICETLHT, YOS FOBELEAR>TWA, ¥/, Fig
5.10 (b, d) WWRULEART NI X SDEY 5 )b & 80 -NES VO M EE,
WENhBH 1 RIS REIEL D, 20EMOESWNIZD LA AMOCa
BEOBWEAEEZE/NEL, 12.9mo0l/kedCa% & BB 558 7 7 )0 D M &
EIRBEEL 2ok,

—5, THhODTFNVDFIAF a7 —-DELE BEREICL > TREL £,
bbb, CCREORIHAEOAMO S/ 240 RSV (Y ERIZ
YOTFOBETTRME, LAY MY FSOBETLEEORN) 2B
S5mDFERF L L, RYMEOYEERMLTHWBRARUANMIEI>TERD
DFIAFa7—%HhBLE, ZORE, CalBREAN2. lnnol /kg (o /)
BXC12.9mol/kg (A7 MY XS) ORENSEBLASY MBS VDT Y
AFa7—i&, LYCREDEVEMM»ORBL Y VOTFIAFaT7—Lid
OB ->THY, HBC XTI ERERT, BHLICLL,
LRSI RFS (Thbb, ARTYIVEEDT I AFa7—MBEbNT
WwWa) Do )k,

DEDRERIT, BLE2HEYLEGT i LAET 22 8%, 2hhoH
BMLEBRTVEOL DS VEREORBICHBIDI L ERLTVWS, £

— 125 —



L, BTy (Bﬁﬁiﬂ) DCaiBE 231 0mmol /kgPh iz FRT 2L, Fhdh ol
BMLETVOBEREZDN, ZTOFIAFa7—0BELET 22 LBHLLT
HB, £/, BAETHERRNEIIEZ, ABC I > T VEBRBORRICNE
2 CalBBEDN R B BN D B DT, Calli LIEDRAICY > TId e D EMERE
EWRTYEOMERBICB I 2ABOBASREOHE EL S VBHEOHRBE
DM ORI SEEICKRE L RIThiER SR,

2) CAlREDRRZTYED SELAMOLYBRBICETZIF L VISR
Rt |
ColREDRERZYOTFEAT NI ESOTYEMSHAML 280 )V
ww&Sﬂaﬁw?%ﬁ%wﬁbkﬁcﬁﬂ)%%&Riﬁé%t%%bf

AL EWE L %, SDS-PAGEDATICHEL, PIMIOA WALIZEESIME R vk

By 7azy MNRAOBKEELEFN, EREFig 5. 1LIRY. 28, B

RicidZEAMOCaBEL2HRE LA, Zhickse, GEEDERLZZVTIADOR

BB Th, FYVbicfEo TI 4y VICIBIRN IR L, 202 BELH

EENZRADERIBEZ 525, ZhoM U IERSD—EDE{LIX

ColBE DR % B EFAMETAE S B2 >TWA, £, 0.2mol /kedlat &1

a7 FORMOERIE, wERIrLILFYVHIOBA IE->TEDLEMKT

HBHHCn&HCn' 2SER L CTHEML, 1IF—FEDEICEL 228, Hon"ide < ER

Ligdor, Zhizl, 3.98 & 012, Innol /kgdCa%k & WHIDE S -1,

IFYVUHCE L VEPHIZEDL, ZOEEVDBREL Lok, FLT, Hin,

ﬁmrmwm%ﬁﬁaﬁbt@mﬁ&?éz;ééuﬁmrmM’ﬁi&Lf

ELSENT2EMERLE. £/, CCEBEDBNEI NI hSDRIGHHE L

AT L. —%, 0.2am01/kgDCak B AT b Y ¥ SOMBOH A, 34

Y VHCOFA I > THCn & HOn” HSHBL L, PP EN THO” DAERDIH & h -

— 126 —



White croaker “Walleye pollack

o 0.2mmol/kg | [o 0.2mmol/kg|
S - N 3
5 \\\o“—o L
L o Q
30 XA 3 a
o /A/-A"_‘A o /A o) A\A
L A —
-’ O——0 A O
0 A/A . D/ _A/D.—-.”'. e
600 3.9mmol/kg| o ;+.8r"nmo£/kg'
< o—° ~
- Ty o - " °
«— 30F B
=300 )/
(<] - o 3 O
c - &A D\D L . N O
S off O 6=8 7 Ny
60 128 mmol/kg| [, " 12.9mmol /kg
i .//,o o |F ~
- /./ L ‘/.
30F\® - //.//
- O i
B~a T~ / \kA\D\
N~y T A\
O 1 2 3 g-'—g I '}Ai 10‘9\9\.5 |
0 24 6 810 0 1 2 3
Setting time (h)
Fig. 5.11. Changes in subunit composition of

myofibrillar protein of white croaker and walleye
pollack salt-ground meats containing different
amounts of calcium during setting.

As shown in Figs. 5.9 and 5.10, the salt-ground
meats containing different amounts of calcium were
incubated at 30 °C for setting. The contents of
calcium were shown in the figure. The contents of
subunits of myofibrillar protein of meat were
measured as in Fig. 4.5. '

(O):
(A):
(0):
(@):

myosin heavy chain (HC).

cross-linked myosin heavy chain, migrating
into 5% polyacrylamide gel (HCn).
components corresponding to cross-linked
myosin heavy chain, too large to migrate -
into 5% polyacrylamide gel (HCn").
components corresponding to cross-linked
myosin heavy chain, too large to solubilize
into SDS-urea buffer (HCn").
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Table 6.1. Material balance in processing steps of frozen surimi by adopting CaCl,-washing of minced meat.

¥hite croaker ¥Walleye pollack
General quality Washin Control** 5 mM 15 mM Control*r 5 mM 15 mM Available effect
_ of Frozen surini ' mediumg ~ CaCl, CaCl, CaCl, CaCl,
Materials . .
Ca content (mmol/kg) 0.2 3.9 12.1 0.2 4.9 12.9 Promotion of dewatering
Moisture content remained.(%) 100 96 94 100 97 94 nmyofibrils and -
Water soluble protein elimination (%) 100 98 97 100 97 93 - concentration of Mf
Mf protein content remained (%) 100 117 130 100 109 114 protein at washing and
Mf-Ca-ATPase total activity remained (%) : 100 112 120 100 105 106  dehydrating processes.
Mf-Ca~ATPase specific activity remained (%) 100 99 85 100 94 91
Cryostability*2 ' ‘Regulation of freeze
Gel-forming ability remained (%) 100 100 76 100 100 86 denaturation of
Mf-Ca-ATPase activity remained (%) 100 98 95 100 93 91 Mf protein during
frozen storage.
Gel~forming ability*3-
Maximum of breaking strength (%) 100 174 182 100 120 114 Promotion of gel forma-
of setting-heating gel tion and cross-linking
reaction of myosin HC
Cross—linking ability of myosin HC*4 : during setting of salt-
Total amount of cross-linked (%) 100 - 182 240 100- 110 112 ground meat.

myosin HCs produced

*1 Washing in the absence of CaCl, added.

*2 Storage at ~-30C for 8 months.

*3 Setting at 30°C.

*4 Total amount of cross-linked myosin heavy chains (HCn+HCn' +HCn”) produced in the setting-heating gel,
vhose breaking strength was at the maximum value.
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