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Comparative Rates of ATP Degradation in Rested and Exhausted Young
Yellowtail Seriola quinqueradiata in Relation to Rigor Mortis

By

Kinjiro YAMADA, Katsuhiko HARADA, Toshiaki KAWAHARA,
Ryotaro ITo and Shin’ichi TSUKAMOTO

The rapid changes occurring in the postmortem degradation of fish muscle nucleotide have
recently suggested that the measurement of the degradation products might correlate with
the time fish was held in storage. Few investigations, however, have been made to follow the
changes of these products during the progress of rigor from onset to full rigor.

The work presented here gives the results of postmortem changes of the ATP degradétion
products determined by ion-exchange chromatography during the progress of rigor using two
different groups of young yellowtail, rested and exhausted at death which were subsequently
stored in ice. The contents of ATP decreased with the progress of rigor in the reflection of
IMP increasing in both the rested and the exhausted fish. And, moreover, the manner of the
decrease both in the rested and the exhausted was the same statistically. In the majority of the
fish tested, regardless of the way of slaughtering, ATP disappeared at the time of full rigor, but
in some others it showed the value more than 1u mole per g.

ol

1. #&

R ATP MWERABICAENL 2 e, fF
ATP B OMEMGROBENEE L LT
Twb, Lirl, HERBEE: ZhoYHOME L MY 2
Wrgeid b i,

TOMLINSON & Bk s FIcHEo v~ A b
T AW DWCIEHIEE L BAEE Y CBESYONELD
PR EHRTWE, Fhick 2 &, Afs L FERHEC
PR <, ATP @SS (ADP, A& v —2A 20 ViR, 7
Nad—A-1-YU@BELELR) OERMNEHD TERDE
WY A LIE A E, RAEEN OB IIEL

w RGNS 89705,

19834% 1 H20H 428

Contribution from Shimonoseki University of Fisheries, No. 970. Received Jan. 20, 1983,
FEETHROBELEH L, e B2 yF o Hx ;4 /v, Ino s 4 /v o8, IMP 7 F = i, AMP; 75/
Y VEE, ADP 77 v =0 o, ATP 77 =, G,



60 1LET - JEH .

AEHERTZ LS, —F, BFs¥Res A0BE:
ATP M@ E w8 - OB 28~ SEHREE £ i ATP
ML, ZhiesBLCIMP 38T 5 LHEL v
B, Linl, FHGER,ORAEEICES $ COMWER
BT ATP AMYHOBREM» (N LOTES
Vg % 72, FRASER &% |32 L TER L7 7 %K
L7285, SEHABEE - » T ATP SR 2R L,
FOEREEOBEENL Luo Tuhs, InbElk
WESERTo ATP M EOMEFFL (A LOT
iy,

SO, B BEEL S FIKERPEN Y F I onT
BB, SR ATE Cc E LR O ATP S E O
HER Rrgcch N RO A

2. BB L URREE

2.1 BE

REREE L U C ik E3lem, 633 g 0 KT
N F U EAEH LT, BIERGELBI L TERLLE
BEE e 1BH TR S v Rz AR, ThERIBAT
o — B b T A (45X 30X 7. 5em) (AR & T i L T
POk TV 8-15°C ORATKIEL Iz b0 %, THEBEH
seoEtisl e 5 e ATP SR & BRE O 72 o D%
B OTE BB & L7, 8, BoKIZBEO2 EHR
L

22 HBEERK

WSRO ME YA CuTTING R K Lo e T b B
Fig. 1 0 & 5 K AKBOFIES (RED1/2) 2HmE G
Bome, HREETRTS) LU TOKERECO®, K
TR T - RBUAMURE COEE IOk, S
WK e RO, Tihbb, BRELKOES: L L,
cHEmGBORs R L ET 5, xBEkcsY 2RO
EHEHRE [(G—1LJ6] x100TELER S,

L2 AT, BUBGERLEO KT R X 0 EEO#ET
DHLET 5, ZD®, FURFERAEOFRIFOWEIELK
BEHIER CEb L,

P « G - 150K

A half of body length —»

IR

Fig. 1. Measurement of rigor index.
Rigor index:R=[(l,— /x)/ o] %X 100,
where /, and /. indicate the tailing length
of the fish immediately after slaughtering
and of the fish allowed to stand for a
certain interval (x) respectively.
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Fig. 2. Changes of ATP and its degradation products in the muscle of
yellowtail slaughtered by different methods.
A, killed by the puncture of medulla oblongata with hook immedi-
ately after being landed (stunned fish) : B, killed by the puncture
of medulla oblongata after being rested in fishpond overnight
(rested fish); C, killed by the puncture of medulla oblongata after
strenuous exercise for 15 minutes {excercised fish) ; D, killed on
standing on the floor after strenuous exercise for 15 minutes (ex-

hausted fish).
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Table 1. Changes of rigor index during ice storage

Time Rested fish Exhausted fish
elapsed No.l No.2 No3 Nod4 No5 Means No.l No2 No3 Nod Nob Means
hours
1 0 0 0 0 0 0 16 76 0 ] 0 18423
2 0 0 0 0 0 0 48 100 8 11 20 37438
3 & 0 0 0 0 0 89 100 32 45 75 68429
4 0 0 0 38 0 8417 100 100 93 100 100 99+ 3
5 0 0 13 64 9 17x27 00 100 100 100 100 100 O
6 23 41 25 85 19: 3828 100 100 100 100 100 100£ O
7 49 60 68 98 32 6125 100 100 100 100 100 100 0
8 63 86 90 100 66 81116 100 100 100 100 100 100% O
9 75 100 90 100 95 92410 100 100 100 100 100 100% O
10 79 160 95 100 100 95+ 9 100 100 100 100 100 100x O
11 88 100 100 100 100 974 6 100 1000 100 100 100 100 O
12 100 1000 100 100 100 100% O 100 100 160 100 100 100k O
days
1 100 106 100 100 160 1004 0 o 100 1000 100 100 100% O
2 94 100 92 9 92 94+ 3 100 96 95 93 91 954 3
4 90 86 85 90 84 874 3 91 90 88 86 84 884 3
7 77 77 73 78 69 75x 4 80 76 76 78 B T 2
10 73 67 68 69 67 68% 3 77 69 69 64 69  T0L 5
14 71 65 65 65 65 66+ 3 72 65 65 63 66 66+ 4
18 69 63 62 61 61 63+ 3 71 63 61 61 63 64% 4
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Table 2. Relationship between the rigor index and the content of ATP
degradation products of iced yellowtail

Sample  Rigor Hx Ino IMP AMP ADP ATP
% u mole/g
1 0 0.00 0.14 8.78 0.95 0.75 8.14
2 0 0.00 0.16 10.46 1.06 1.05 7.04
3 0 0.00 0.07 8.84 0.74 104 7.20
q 9 0.03 0.24 4.59 0.67 0.65 3.00
5 15 0.15 0.02 2.70 1.35 0.60 4.30
6 16 0.02 0.04 1.92 0.52 0.98 6.00
7 23 0.03 0.09 3.14 0.81 0.78 437
8 27 0.05 0.15 457 0.76 057 2.66
= 9 31 0.09 0.20 3.30 0.66 0.66 3.91
210 47 0.02 0.06 3.23 0.91 0.77 4.04
e 51 0.07 0.30 1.30 0.47 0.78 4.36
212 56 0.07 0.16 493 0.71 0.81 3.09
&3 70 0.05 0.11 4.06 0.66 0.66 1.31
14 83 0.05 0.11 4.74 0.73 0.45 1.28
15 87 0.02 0.07 5.52 0.92 0.55 112
16 89 0.02 0.15 3.65 0.89 0.61 3.48
17 100 0.03 0.03 3.56 0.50 0.74 1.78
18 100 0.04 0.14 6.37 0.77 0.32 0.00
19 100 0.03 0.13 6.23 0.66 0.15 0.00
20 100 0.03 0.16 6.10 0.79 0.34 0.16
21 100 0.00 0.34 5.11 0.44 0.36 0.59
22 100 0.00 0.31 4.54 0.45 0.20 0.00
23 100 0.00 0.31 5.60 0.45 0.24 0.00
] 0 0.56 0.18 5.11 0.44 0.73 4.08
2 0 0.31 0.20 454 0.45 1.03 413
3 0 0.43 0.09 5.60 0.45 1.42 2.70
4 10 0.30 0.40 3.60 0.87 0.72 438
5 17 0.15 0.11 468 0.87 0.78 3.00
6 21 0.12 0.23 4.89 0.93 0.78 2.42
7 31 0.56 0.15 5.43 0.85 0.78 2.59
= 8 32 0.23 0.20 543 1.06 0.77 1.58
I 43 0.10 0.14 5.21 1.02 0.71 1.94
g1 49 0.10 0.13 5.72 1.08 0.86 1.57
Zn 65 0.12 0.13 6.02 1.14 0.67 1.08
£ 12 68 0.22 0.16 6.21 1.01 0.77 1.50
=3 78 0.12 0.23 6.98 1.06 0.65 1.66
14 80 0.05 0.24 6.20 0.91 0.71 1.96
15 80 0.08 0.15 6.87 1.08 0.67 0.84
16 81 0.07 0.19 6.93 1.06 0.63 141
17 87 0.07 0.20 7.41 LU 0.59 0.83
18 100 0.12 0.15 5.69 0.97 0.78 1.84
19 100 0.07 0.28 9.31 0.75 0.63 0.00
20 100 0.15 0.31 9.16 0.81 041 0.00
21 100 0.08 0.27 8.66 0.94 0.41 0.00

Table 3. Estimated regression equation of rigor index on the contents of ATP and its
degradadation products

! Rested fish Exhausted fish
Y ¥ ax10-?  bx10-* Fo ax 10?2 bxl0? Fo
Hx -1, 83 0.63 0. 590 —1.64 0. 86 18.113**
ino 1.19 0. 39 1.827 1.03 0.34 0. 855

Rigor IMP = 0.03 4, 70 0. 466 0.20 ~0.69 39, 479+
index AMP ~ . 78 1. 14 4. 982" 0.95 -~ 1{. 31 8. 722
ADP -~ 1.18 1. 29 30. 333%* - 1.20 1.43 15,935

ATP -0, 14 0.98 77,409 - 0.25 1. 01 58, 097+

Note:y =ax-+b
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