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The discoloration of the yellowtail dark muscle begins at the
boundary part between dark muscle and ordinary muscle, and
progresses toward the body surface side. For deeper understanding
of this phenomenon, we examined the processes of glycolysis and
lipid oxidation in the two types of muscles. The glycolysis
analyses indicated that increase of lactic acid and decline of pH
occurred at the boundary between dark muscle and ordinary
muscle. An in vitro experiment using the dark muscle extract
showed that decline of pH promoted the oxidation of myoglobin.
An in vitro experiment using the mixture of extracted lipid and
myoglobin from the dark muscle showed that oxidation of
phospholipid promoted the oxidation of myoglobin. Thus, we
conclude that the discoloration, caused by decline of pH at the
boundary between dark muscle and ordinary muscle, progresses

toward the body surface with oxidation of the phospholipid.
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Fig.

1 Changes in the typical appearance of yellowtail muscle
slice during storage at 100 . Sliced muscle was prepared
from fish stored in ice for one day after sacrificing. Circles
are pH measurement part. (a): dark muscle, (b): ordinary
muscle, (c¢): boundary part between dark muscle and
ordinary muscle. 0 h: 0 hours storage, 8 h: 8 hours storage,
24 h: 24 hours storage, 48 h: 48 hours storage.

2 Changes in L*, a® and b* values in dark muscle of sliced
meat prepared from yellowtail during storage at 100
Sliced meat was prepared from fish stored in ice for one
day after sacrificing. Data are presented as meat =
standard deviation (n=3).

3 Changes in glycogen and lactic acid content of ordinary
muscle and dark muscle in yellowtail during ice storage.
Data are presented as meat+ standard deviation (n=3). 0 h,
24 h: 0, 24 hours after sacrificing. Asterisks show
significant difference from 0 hours (p<0.05).

4 Changes in pH (a), glycogen (b) and lactic acid (c) of
muscle homogenate in yellowtail. Symbols are as follows:
triangle: dark muscle homogenate, diamond: mixture of
dark muscle homogenate and ordinary muscle homogenate,

circle: ordinary muscle homogenate, solid line: measured
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Fig.

values, dashed line: calculated values when mixing dark
muscle homogenate and ordinary muscle homogenate.

5 Effect of pH on the ratio of metmyoglobin to total
myoglobin (metMb) in crude myoglobin solution prepared
from dark muscle in yellowtail. Crude myoglobin solution
was incubated at 100 . Symbols are as follows: open
circles: pH5.5, closed circles: pH6.0, squares: pH6.5,
triangles: pH7.0.

6 Changes in thiobarbituric acid reactive substance
(TBARS) levels by site of dark muscle in yellowtail during
storage at 100 . Sliced dark muscle was prepared from fish
stored in ice for one day after sacrificing. Symbols are as
follows: circles: contact side, squares: center, triangles:
body surface side. Data are presented as mean = standard
deviation (n=3).

7 Changes in metMb and TBARS levels of the mixture of
extracted crude myoglobin and lipid fractionation from
dark muscle in yellowtail (n=3). Symbols are as follows:
circles: phosphalipids, squares: triacylglycerols, opened
symbols: mixture of crude myoglobin and lipid extracted
from dark muscle, closed symbols: lipid, cross marks: crude

myoglobin extract.
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Table 1 Changes in the pH of yellowtail dark muscle, ordinary muscle and its boundary part during
ice storage

Oh 1h 2h 6h 24 h
Dark muscle 7.31+0.15 7.26+0.09 6.84+0.22%"  6.39+0.10®"  6.51+0.07*
Boundary part 7.32+£0.02 6.87+£0.51 6.59+0.25% 6.09+0.08% 6.15+0.08"
Ordinary muscle  7.22+0.12 7.34+0.08 7.11+0.09° 6.81+0.35" 6.24+0.15"

Values are mean = standard deviation (n =3).

Boundary part is between dark muscle and ordinary muscle.

The asterisks show significant difference to 0 h in each part (p <0.05).

Sets of letters on each symbol indiacte significant difference in each hour (p <0.05).



Table 2 Activities (umol/min/wet g) of selected enzymes in yellowtail dark muscle and ordinary
muscle

Dark muscle Ordinary muscle
Phosphorylase 4.6+0.5 6.6+0.5"
Phosphofructokinase 5.1+0.4 21.8+3.7
Pyruvate kinase 19.5+3.8 127.3+42.7°
Lactate dehydrogenase 362.4+28.2 1648.2+149.6~

Values are mean + standard deviation (n =6).
Asterisks show significant difference from the dark muscle at each enzymes by student's t -test
(p<0.05).





