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Changes in Freshness and Quality of Fish Muscle during
Preservation after Catching on Different
Waters by Oshoro-Maru

Tetsuya Nakamura*, Akihiko HasgiMoTo**
Kiyoshi Masupa*, and Kenichi Arar**

Abstract

Changes in the freshness and quality of 10 fish species mince, caught by the Oshoro-Maru,
Hoxkgkamo UNIVERSITY, training ship, on different waters were investigated by measuring the
pH, K-value, and myofibrillar ATPase activity during preservation at around 20°C~25°C.
It was thus found that a decrease in the pH, an increase in the K-value of the mince, and the
inactivation of myofibrillar ATPase in the mince occurred, although the rate change differed
considerably from to one another. It was also observed that there is a general trend that fish
caught in waters with higher temperatures possessed heat-resistant myofibrillar Ca-ATPase
and fish caught in waters with at lower temperature had thermo-unstable myofibrillar
Ca-ATPase.

An exception among the fish species from the friged waters, was the Alaska pollack where
an increase in the K-value of its mince from occurred relatively quickly compared to the rate
(Kp) of inactivation of myofibrillar Ca-ATPase. On the other hand, the rate of increase in
the K-value of Bigeye tuna and Striped marlin mince, both fish caught in tropical waters,
proceeded relatively slowly compared to the inactivation rate (Kp) of its myofibrillar
Ca-ATPase.

It was surmised therefore that the discrepancy observed in the rates of change in K, and
K-value was caused by a pronounced decrease in the pH in the mince ; that is, the pH of the
mince from the latter two species rapidly decrease to 6.0, whereas that of the Alaska pollack
remained at around 7.0 during preservation until at least 20 h.
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Table 1. List of fish species used for evaluating the freshness and quality of minced muscle.

Fish species Fishing ground Method Body
No. (Ja a.nesz n:l.me) Date Temp. °C for length/weigh
(air/sea catchin, cm,
P ' hing /kg
1 Theragra chalcogramma 1986 Off Okushri Is trawl 52/1.3
Alaska pollack Apr. (1.3/00)
(Suketoudara)
2. Oncorhnynchus nerka 1985 N-Pacific Ocean* gillnet, 54/2.2
Red salmon (Beni-sake) July (9.7/8.5)
3. Oncorhvnchus keta 1985 N-Pacific Ocean* gillnet 52/1.8
Chum salmon (Shiro-sake) July (8.8/7.8)
4. Oncorhynchus kisutch 1985 N-Pacific Ocean* gillnet 54/2.2
Silver salmon (Gin-sake) July (11.4/11.3)
5. Oncorhynchus gorbuscha 1985 N-Pacific Ocean* gillnet 47/12
Trout (Karafuto-masu) July (8.9/8.5)
6. Hoplobrotula armata 1985 E-China Sea** trawl 34/0.6
Armored weasel fish Nov. (14.3/23.1)
(Yoroi-itachiuo)
7. Nibea matsukuric 1985 E-China Sea** trawl 42/0.9
Nibe croaker (Nibe) Nov. (16.1/23.1)
8. Doederleinia berycordes 1985 E-China Sea** trawl 39/0.7
Black throat seaperch Nov. (17.9/20.4)
(Akamutsu)
9. Teraptras audax 1985 Indian Ocean long line 184/70
Striped marlin (Makajiki) Nov. (27.6/28.5)
10. Thunnus obesus 1985 Indian Ocean long line 132/44
Bigeye tunna Dec. (27.2/28.2)
(Mebachi-maguro)

* Northern Pacific Ocean. ** Kast China Sea.
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WML TFHRE (P) MRETAH Y RAT7 7 2 —EEERFPELTF/ 2V T T 1 F—
CREALTpHI05D 7 ) o v NaOH EE R ICBM L = & D) % 50 yl hn x FREICHE (37
C) ¢ 15 SRIRIG X1 (8,), 3TC BB IRt VW RICERIEE E L 1Th301M D
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S EhHFRL O MIAARTABE I, RPTHY + v X100 % 1% SURBKIC X 5%
¥ 2~3EHH Aht, Mf ©&#E ATPase {E#: (Adenosine triphosphatase ; EC 3, 6,1, 3) XL
TR TRIGRES T, 25°C e 2 ERER Y ABZHEEETAZ LRI DVAIELAY, T
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Ca-ATPase : 5mM CaCl,, 500 mM KCl, 50 mM KCl, 25 mM Tris-maleate (pH 7), 1 mM

ATP, 0.3~05mg/ml ® % v 27 BE
EDTA-ATPase : FEt & R U#ER, 7L CaCl, ofii b ic 5mM EDTA #inx 3,
Mg-ATPase : 2mM MgCl,, 0.25 mM CaCl,, 50 mM KCl, 25 mM Tris-maleate (pH 7), 1 mM
ATP, 0.05~0.10 mg/ml ® # v -2 7 B,
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BT 60 IO T Wi, —HKBEOFHIE, Ay 9 XS TRELDTERHCERL
# 8 BRRSIITIE 100%, In B L2 AY, = AT 13 RERESA L /v & 100% IiZE L ind ot %
fTevmYy, =y, F Uy r OBEIER 15 BRI T L 60% MEDMHEICE EE o TV, R
Iz Mf ATPase 2TEHDETH 525, WTFhORADEESTH, Ca-ATPase (K1 + v IHE T OfE) ,
Ca-ATPase (&1 4 vHME FOME) , Mg-ATPase K 1 EDTA-ATPase I3RS & e iR iiE
TT+2EMAMEZRL T T, & D Mf ATPase D&FI o\ Tik pH R U R OB R L T
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Fig. 1. Changes in K value, pH, and myofibrillar ATPase during preservation of fish mince,
just after catching in frigid waters.
(0); Alaska pollack, (a); Red .salmon, (O); Chum salmon, (®); Silver salmon, (A});
Trout. Ca (L); Ca-ATPase (in low salt medium), Ca (H); Ca-ATPase (in high salt
medium), Mg; Mg-ATPase, EDTA ; EDTA-ATPase.
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Fig. 2. Changes in K value, pH, and myofibrillar ATPase during preservation of fish mince,
just after catching in tropical and subtropical waters.
(0); Amored weasel fish, (A); Nibe croaker, (0); Black throat seaperch, (@) ; Striped
marlin, (A); Bigeye tuna.
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SU7-BEAEO AK fHi2 2~10 OFE (FH+SD=50+29,n=10) d b, BELDOFHE? L &
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T7H Ay OHEEE, KEOE () AELLELEE o TWBIZE 2303 53 Mf Ca-ATPase
EHOBENLRIIEECDP - v ELTRD, MECHCHERE RDbhihot, I TEH
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WRLTz, »TRD—REIGADOE L (fittness) 1-oWTHAEBIRE ) TRLEAY TH
B, ALK ER, R3IE, HENBT b vFRYES LABER L& (BEL pH &
14 V) T a8 L Mf © Ca-ATPase D Ky fEh R LTH B, =0 M o K, i3,
LR ZEEZE L ORDOBEAOBE LR/ LSO IR LETHS, THHLLEBEDOL-DE/ERL
DEDFT~2 %R 3 &L LTRTH, RHOFBRDDEETO Ky k@4 LT 5, %3 DER L
D, s VvFRAERELILFEO Ky 13, ALEERETOM O K, X W B 3~6 ELETHH L
BETEERS, 3EORBRICTHE L K, 0RER: vFRE M OWThoE8Th X
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Fig. 3. pH-dependence of the rate (K;) for inactivation of myofibrillar C,-ATPase.
From a previous paper by one of the authors herein (Refs. 15 and 16),
K, values of Atka mackerel (O), Sardine (0), and Pacific mackerel (A) were referred to by
making a plotting against pH used for inactivation.
K, values of Alaska pollack (@) at pH 7.0, Chum salmon (a) at pH 7.0, and Bigeye tuna
(x) at pH 5.8, were measured according to the same method utilized in previous papers.
(0); Ataka mackerel at 20°C, (1) ; Sardine at 25°C, (o) ; Pacific mackerel at 20°C, (®);
Aalaska pollack at 20°C and pH 7.0, (a); Chum salmon at 20°C and pH 7.0, (x) ; Bigeye
tuna at 25°C and pH 5.8.
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Table 2. Increasing rate (%/h) of K-value of minced muscle during
prservation at 20°C~26°C.

No. Fish species Temp (“C)* AK (%/h)** yrer
1. Suketoudara 20 10.2 1.000 (2)
2. Beni-sake 20 2.35 0.983 (6)
3. Shiro-sake 20 3.37 0.918 (7)
4. Gin-sake 20 2.65 0.995 (7)
5. Karafuto-masu 20 5.05 0.952 (8)
6. Yoroi-itachiuo 23 3.90 0.973 (4)
7. Nibe 23 5.55 0.980 (3)
8. Akamutsu 24 9.85 0.994 (3)
9. Makajiki 26 2.24 0.993 (5)
10. Mebachi-maguro 25 4.80 0.989 (5)

* Preservation temperature.
** Increasing rate of K-value (AK): the slopes of regression lines for the
date shown in Figs. 1 and 2.
*+* The coefficient () of correlation. (Numbers for evaluations).

Table3. A comparison of the inactivation rate constant of their Ca-ATPase when myofibril
suspension and minced muscle were preserved under identical conditions.

. K, (x10735)* Kp (x10-5)**+*
Species Prsel;? ron for preservation v for preservation
condiion of muscle of myofibrils
Shiro-sake pH 6.0, 20°C 0.445 0.999 2.91
Suketoudara pH 7.0, 20°C 0.160 0.985 0.95
Mebachi-maguro pH 6.2, 26°C 0.469 0.896 121

* Using the data of myofibrillar Ca-ATPase activity (at low salt) shown in Figs. 1 and 2, the
first order rate constant (K;) for inactivation of ATPase was calculated (Ref. 19).
** The coefficient of correlation for the first order kinetics.
*** K values of myofibrillar Ca-ATPase under the same condition (pH and temperature) as
those for preservation of fish muscle were quoted from the data shown in Fig. 3.

IVFRO K, A ME X b HECE (BHLEY) »RTEHE LAY, ( vFRORRESER
% ATP ® ADP 7 K OBBBEEHEY L OMD =+ A H® 7 &4 Mf ATPase D E &M
HL, Kp ZEL THRCECCOBTESESE L LR S, $i, BASD IR LE Mo Ca
ATPase DIREREMN» SRR CLHE L, ZHR <BHE<BHERO RGO, Fh2iBh T
B ERHALMHELIED, ILEFEFREDI I, pHAMETT 5L 5 kAR TIE, £h
DIRE & 72 > T EFE L7z Mf Ca-ATPase DIRERTEH O RERIC & b h R ELICZRAEL, B
ZiE, Ay bo&T (B pHT0) 0Ky X hd=4 v (B%M: pH58) © K, DA
ELBZHEEXEBL TV, R3FALL3SBEOREM 0 K, itz k15 Mf ofic
BY, 2AF<Lo R r<AF LY EFIOFRKEND, UL vFRDOK, B2 5 o83 <
YRy < AANF S oD KES LEREFE S S HDBER > TV B, LichiaT, =
DRRTEBEED 2 ~F~ 7 e DRNEPOLE 25°C,pH62) B2 7 b & #5084 (20°C, pH
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