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Abstract

Myofibrillar protein(myofibil) was prepared from Yellowtail fish (Seriola quingueradiata), and
then, it was stored at| 0°C(ice-cooling), —3.5°C(partial freezing) and —20°C(freezing). Another
myofibrils were prepared from the fish storéd with ice-cooling, partial freezing and freezing
for a week as the maximum. Denaturation of muscle protein during the storage was investigated
by the measurement of Ca® — and Mgz*—ATPase activity.

Specific activity of Ca*—and Mg* —ATPase associated with Yellowtail myofibrils was 0.155
and 0.149 ¢ mole Pi/min/mg of protein, respectlvely, before storgae. ATPase activity of myofibils
did not show any sngmﬁcant difference between 0°C and _3 5°C whereas it was decreased
faster at —20° Cghan at 9°C or —3.5°C. ‘ATPase activity of myofibirls extracted from the
fish stored for a week was 1.2—1.8 tintes higher than myofibils stored with ice—cooling or partial
freezing while it was 2.5—3 times higher than that with freezing. Apparent denaturation constant
of Ca?* —ATPase of myofibrils was between 0.48—0.65, and it was 2—3 times higher than that
of Mg*—ATPase. The constant of myofibrils extracted from the fish did not show significant
difference between Ca?*—and Mg* —ATPase.
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Table 1. Changes in ATPase activity of myofibrils stored at 0, —3.5 and —20TC

(# mole Pi/min/mg protein)

Storage Ca-ATPase Mg-ATPase

(days) ot —35TC —20C 0T —35T - —20C
0 0155 - - 0149 - -
1 0.205% 0.1928 0.153° 0.163° 0.142%¢ 0.110¢
2 0.1262 0.109° 0.067¢ 0.1584 0.1464 0.102°
3 0.0782 0.071® 0.042° 0.126° 0.142¢ 0.0782
5 0.059* 0.0528> 0.034¢ 0.0718¢ 0.084 0.060*
7 0.0522 0.051°%® 0.022°¢ 0.062° 0.067* 0.028°

a-d: Values with the different letter in each row are significantly different at the 5% level

(p<.05).

Table 2. Changes in ATPase activity of myofibrils extracted from the fish stored at 0, —3.5 and

—20¢ ;
¢ (# mole Pi/ min/mg protein)
,Stérage Ca-ATPase Mg-ATPase
(days) g¢ —35C -20C 0C —35C —20C
0 0.155% - - 0.149® .
3 0.133® 0.1022° 0.090° 0.123%¢ 0.131¢ 0.1208¢
7 0.0892 0.070° 0.066° 0.085%° 0.0773® 0.073°

a-c: Values with the different letter in each row are significantly different at the 5% level

(p< .05)
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Fig. 1. Retention of ATPase activity of Yellowtail myofibrils stored at 0C(0O-0),—3.5C(a-24)

and —20C(-0D).
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Fig. 2. Retention of ATPase activity of Yellowtail myofibrils extracted from the fish stored at 0C

(0-0),—3.5C(a—2) and —20°C((J-0)).
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Table 3. The apparent denaturation constants of ATPase of myofibrils stored at 0, —3.5 and —20C

Ca-ATPase Mg-ATPase
Storage temp. Ko(day™)
the 0.484 0.220
. (1-3 day) (2-7 day)
—35C 0.498 0.213
(1-3 day) (3-7 day)
—20TC 0.647 0.220
(1-3 day) (0-7 day)

* The values were calculated by the formula : as described in the materials and methods,
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Table 4. The apparent denaturation constants of ATPase of myofibrils extracted from the fish stored

at 0, —3.5 and —20C

Storage temp, Ca-ATPase Mg - ATPase
Kp(day™)
oc 0.105 0.093 —

(1-3 day) (3-7 day)

—35T 0.140 0.133
(1-3 day) (3-7 day)

—-20C 0.181 0.124
(1-3 day) (3-7 day)

* The values were calculat by the formula in Table 3,

g A] F&2F FUAG2] ATPased]| wjs}e]
WASEAPE Fig. 2238 A4 Adolc)
Ca- ATPases] WASATE 0Tl 01062
744 dekew] —20ColA 01812 7HY ¥kt
H Mg- ATPaseo] HAEEASFE Ca-AT-
Pase of wjsle] & Wolglwd] 0CN4] 0.093
o2 713 dglew —35Te} —-20CE ZH7
0.133, 0.1242 2 ol ek

(o] (]34
il =

wolg ¥ £53 294+% dgdS ot
), —35C(PFAA), —20C(FAAA) A&
stgiA Ca- 3 Mg- ATPase@ A& &3] &
Aol MRS FAlgler dFEe S
7Zb £xd] ARG AT X IYAHARE F3E
slo] ghilal WA T E wjwd Ha 53 2
PLAFES AASGYS o 94 Y PR A
Ho] ATPase@AL wisy) FFoldey 32
ARG ARANdE dAs] Fokvh N 7
LXo 1FYY AATY F FE£T YR
LAY THUAMRE vy &8t 2L 7
ZrEY ARG Aol ulste] WAz PFA A
A& 1.2-1.8u9, FAAARAAE 25-3w A=
=2 T5¢ §Aska Adgrh FYAFE =
Lx o] AL o] HALEE Caz 9 A
97} Mg- ATPaseol| uls] 2-3u] =giou} A
Qo g AAg A$-dle Ca-F Mg- ATPase?t
ol 2 AolE JepiAl Wsteh.

o

i

i

(2 #TE 19889 2L SHEAPEME| XIo|
o5 ARBIWHE MBE “siolel £25Y

olf 2i8t Ca®*, Mg*-dependent adenosine triphosp-
hatase &4 U ZHRFS OjMIFXE HEP A9

el

D
ot

1. Dyer, W. J. : Protein denaturation in frozen
and stored fish. Food Res., 16, 522(1951).
2. Lauder, J. Y. and Macallum, W A, : Keeping
time of frozen red fish fillets in relation
to handling the raw material, J. Fish. Res.

Bd. Can., 27, 1599 (1971).

3. Peter, J. A, Macallum. W. A, Dyer, W.
J., Idler, K. R,, Slavin, JW,, Lame, J. P,
Fraser, K. I. and Laishley, E. J.. Effect
of stage of rigor and of freezing - thawing
processes on storage quality of refrozen cod.
J. Fish. Res. Bd. Can., 25, 299 (1986).

4. Anderson, K. and Danielson, C. E. : Storage
changes in frozen fish. Fodd Technol, 15,
55 (1961).

5. Botta, 4. R. and Richard, J. F. : TBA value,
total long chain free fatty acids and flavor
of Pacific halibut and Chinock salmon, J.
Fish. Res. Bd. Can., 30, 63 (1973).

6. RESE . HE I/ OROBBEFIIHTS
mEr—1. Zﬁ‘?ﬁﬁ’?ﬁ?@ﬁétmmﬂiﬂid)ﬂ&



Vol.18, Ne.1(198%)

Jedhin & OBIE. BKEE 30, 847 (1964).

7. Botta, J. R, and Richard, J. F. : Flesh pH,
color, thaw drip and mineral concentration
of Pacific halibut and Chinock salmon, /.
Fish. Res. Bd. Can., 30, 71 (1973).

8. Tomilson, M., Geiger, S. E,, Kay, W. W,
Uthe, J. and Roach, S, W.: Partial freezing
as a means of preserving Pacific salmon
intended for canning. J. Fish. Res. Bd. Can.,
22, 955 (1955).

9, MEETE, ILFEES, NIl ¥ : Partial freezing
Dk ZRMEOBERE—HS, A VHLA,
TVHARNEYEOMETOER— ik
rER, 113, 43 (1984).

'10. Ehira, S. and Fujii, T. : Changes in bacterial
count for sardine during Partially frozen
storage (short paper). Bull. Japan. Soc. Sci.
Fish., 46,1419 (1984).

11. Lee, C. M. and Toledo, R. T. : Comparison
of shelf life and quality of mullet stored
at zero and subzero temperature, J. Food
Sci., 49,317(1984)

12. BHEX:: EHRAFIET A3 MEHOERE,
HEDOEE, 79, 26 (1984).

13, W &, FHE—: AHIAIVOI4 T
AV b HRLER & AR EEI RIZYpHD
P2, BKEE, 52, 1657 (1986).

14. M 4, KELH, % 1S %35 & 2
434y BOwERBSEIIEIET KC B
Er LN RITEIREOHE. HKEE, 51, 1887
(1985).

15. Okada, T, Inoue, N, and Akiba, M. : Electron
microscopic observation and biochemical
properties of carp myosin B during frozen
storage. Bull. Japan. Soc. Sci. Fish., 52, 345
(1986).

16. IBH #, MokEZE® FHE— . v 08
KT IR S /N BORESMEIIRIET
P, BIKEE, 50, 845 (1984).

17. darfodE, wnimE, RKigkE: AVxe

( Palaemon paucidens)%ﬁ]djiﬁ‘?iﬁﬁﬁ*@%m
IZ2ownT., BHAESE - ABEg, 40, 123
(1987).

Hakelel B-E-FA 2k ATPRA 2

S48 oA 129

18. Ebashi, S, and Ebashi, F.: A new protein,
component participating in the superpfeci—
pitation of myosin B. J. Biochem., 55, 604
(1964).

19. Ebashi, S.:
protein from straited muscle. J. Biochem.,
58, 7(1965).

20. Weber, H. H. and Portzehl, H.: Muscle
contraction and fibrous muscle protein,

« - Actinin, a new structural

Advances in protein chemistry.” Academic Press
Inc., New York, 7, 161(1952).

21, BRI, Eiie—, BERIET: AEGAE
AR T AHE—T, 241 HHY 5
24V VORI ONT, BKEE, 36,-165(1-
970). :

22. Iwata, K., Kobashi, K. and Hase, J. : Studies
on muscle alkaline protease-1. Isolation,
purification and some properties of alkaline
protease from carp muscle, Bull. Japan. Soc.
Sci. Fish., 39, 1325(1973).

23. Ohnishi, M., Tsuchiya, T. and Matsumoto,
d. J. ! Kinetic study on the denaturation
mechanism of carp actemyosin during frozen
storge. Bull. Japan. Soc. Sci. Fish., 44, 27
(1987).

24, huEE 2, AW ¥, FEATH, FiHE— . &
MG B ATPase O {LBHHPTZE. B KRS,
43, 857 (1977).

25. Goodno, C. C., Wall, C. M, and Perry, S.
V. : Kinetics and regulation of the myofib-
rillar adenosine triphoshate, Biochem. J.,
175, 813(1978).

26. Fiske, C. H. and Subbarow, Y. : The colo-
rimetric determination of phosphorus, J.
Biol. Chem., 66, 375(1925).

27. Gornall, A. G, Bardawill, C. S, and David,
M& M. : Determination of serum proteins
b‘fk means of the biuret reaction. J. Biol.
Chem., 177, 751(1949).

28. WL H: BBORLKREDOH, KERLY
—ANol13( 8 AKELEH), ERtELM,
¥3%, pp. 78-92(1974).

29. /NERERE, 3 LiEME, AHBAT, BREH



130 HAZ - A W FA e A

94 343 VBO-8CHEEL L U-8TB% carp actomyosin, Bull. Japan. Soc. Sci. fish.,
IR OB, HKEE, 53, 789(1987). 44, 27(1978).
31, MATHE, FHE— 1 ABHREBET I1EC

30.. Oguni, M, Kubo, T. and Matsumoto, J.
J. : Studies on the denaturation of fish muscle OB LR EEE I H T HEBORER
: Btk BAKEE, 52, 2033(1986).

proteins - 1. Physico - chemical and electron
microscopical studies of freeze - denatured (Received January 28, 1989)



