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Studies on the Freshness of Fish- (1)

Effects of ATP and Glycogen in fish muscle upon “Arai” phenomenon
(Muscle contraction caused by perfusing water)

Eizaburo NOGUCHI and Joji YAMAMOTO

The relationship between the muscle contraction of carp (Cyprinus carpio) in “Arai”
phenomenon (muscle contraction caused by perfusing water) and the amounts of ATP
and glycogen in muscle, and pH value of it was investigated with the following results
obtained :

1) The contraction of muscie in “Arai” shows high value when the amount of ATP
is high and pH value approaches to neutral.

2) After death, as the amount of ATP in muscle decreases, the contraction oi
muscle slacks accordingly. When the ATP amount and the contraction of muscle in
“Arai” reaches zero, the muscle seems to enter full-rigoi state.

3) The contraction of muscle in “Arai” is promoted by CaCl, and inhibited by
MgCl, sol,, and since the amount of ATP consumed is proportional to the contraction,
the latter is supposed to be caused by the energy issued through the decomposition of
ATP.

We should like here to express our hearty acknowledgements to Messrs G. Katoh,
J. Yamanaka and S. Nishimura for the translation into English in our following papers
inserted in the present publication.
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Fig. 1 Positions from which muscles were taken.
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Fig. 2 Curves of muscle contraction in “Arai” phenomenon in various

parts of body of carp at 20°C.

Part of | Contraction H Total-P norgamc 7 min.-P A?—P Glucose
body % P mg.% mg.% mg. % g%

A, 17.24 6.70 203.3 123.3 1433 | 200 440
A, 13.73 6.30 193.3 1050 121.6 16.6 265
Aj 13.75 6.55 203.0 106.6 129.9 23.3 310
B, 33.90 680 249.9 ‘ 166.6 200.1 33.5

B. 21.32 6.65 208.3 117.3 143.3 26.0 290
Bs 21.08 6.25 208.3 125.0 148.3 23.3 i

C 22.13 6.85 238.2 131.6 161.6 | 30.0 380

D 21.34 6.50 123.3 81.6 933 | I 700

Table 1. Showing the values of the muscle contraction in “Arai” phenomenon, the
amount of ATP, glycogen and pH values of various parts of bady of carp.
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Time elapsed, Contraction Total-P Inorganic- | 7 min.-P AT-P
min. % mg. % P mg % mg. % mg. %
0 24.7 181.6 93.3 123.3 30.0
120 215 183.3 113.3 136.6 23.2
240 12.3 | —_ — — — rigor beginning
360 10.8 191.9 121.6 141.6 20.0
600 8.5 178.3 125.0 131.6 6.3 rigor
1440 —0.2 178.3 131.6 131.6 0 . | softish
. !

Table. 2 Changes in muscle contraction in “Arai” and amount of ATP in
the muscle during storage at 20°C.
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Fig. 3 A relation between the muscle contraction by “Arai” and the amount of A.T.P. in muscle.
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Concentration
e oL, Distilled MgCl; sol. [ NaCl sol.
water
Ti f 0 -1 -2 -3 —4 0 -1 -2 -3 -4
péi?ﬁsﬁlg,mk_ 10 D 10 10 1 10 ] 10 ] 10 ’ 10 ‘ 10-2 | 108 | 10
1 60% | % 0% 0% 47% 25% 8% 23% o % 49% s58%
2 1.0 — | o 0 47 | 38 | 102 |-34 | 10 | 73 | 118
3 14.0 — | o 0 47 | 38 | 136 | 44 | 10 | 98 | 137
4 16.0 — | o 0 47 ‘ 50 | 148 | a4 | 30 | 122 | 147
6 20.0 — | o 0 47 | 50 | 159 | 57 | 30 | 122 | 157
8 22.0 — . | | : |
| J
KCl1 sol. CaCl; sol. ,
100 ‘ 10-1 ‘ 10-2 ‘ 10-3 i 10-4 | 100 1 10-1 \ 10-2 ‘ 10-3 1 10~
65% 129 33%| 32%| 14%| 65%| 222%| 161% —%| 100%
77 | 23 | 77 | 105 | 101 | 91 | 284 | 209 | — | 144
110 | 46 | 110 | 126 | 136 | 104 | 300 | 242 | — | 167
132 | 70 | 121 | 147 | 154 | 130 | 321 | 258 | — | 178
154 | 103 | 143 | 168 | 198 | 156 | 346 | 273 | — | 200
176 | 106 | 143 | 179 | 218 —

)

Table 3. Effect of some kinds of salts on “Arai” phenomenon (muscle '
contraction caused by perfusing water)
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Sample CuCl, sol. 3 Di?"i,“e,d MyCly sol.
i water

e ] ! - Ay B} o .
Contrnchon % — ‘ 34.670 00,079 0
K Total P. mg. % 2006.6 178.3 173.3 178.3
& | Inorganic-P mg. % 105.0 | 120.0 90.0 81.6
5 | 7 min.-P mg. % 136.0 120.0 111.6 113.3
2 | AT-P mg. % 31.0 , 0.0 216 31.7
g | Total-P. mg. % — 40.0 33.4 38.4
= | Inorganic-P mg. % — 11.7 20.7 11.7
2| 7 min.-P mg. % — 11.7 22.0 11.7
S| ~T-P mg. % — 0.0 1.3 0.0
Total-P mg. % 206.6 218.2 206.7 216.7
= Inorganic«P mg. % 105.0 131.7 110.7 93.3
S | 7 min.-P mg. 2 136.0 131.7 133.6 125.0
= | AT-P mg. % 31.0 0.0 22.9 31.7
Decreased“~7-P mg.% — 31.9 8.1 -0.7

Table. 4 Muscle contraction in “Arai” and amount of decreased ATP of the
muscles in 0.1 mol. solutions of MgCl, and CaCl; at ¢ min.
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