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As a part of the study program to clarify the cause of differences in rigor mortis among other fish

es, the temporal changes of muscular contraction in the pillar form of muscle were measured at various 

storage temperatures in cultured red sea bream and cultured Japanese flounder acclimated at a habitat 

temperature of 25•Ž, and the discrepancies in the progress of muscular contraction were examined be

tween both fishes. To examine in detail the temporal changes of muscular contraction at various storage 

temperatures and then between both fishes, the temporal changes were applied to straight regression 

lines within the range until reaching a peak of muscular contraction. These regression lines closely 

matched the actual measurement values. In both fish species, the slope value, the speed of progression 

of muscular contraction, slowed with the decrease of storage temperature within the range from 25•Ž 

to 12•Ž; on the contrary, within the range under 10•Ž, it became faster. The progression speed and lev

el of muscular contraction were faster and higher in cultured red sea bream than in cultured Japanese 

flounder at various storage temperatures. The cold rigor mortis in both fishes, however, appeared equal

ly at storage temperature near 10•Ž.
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The progress of rigor mortis in fish has attracted the at

tention of many researchers, and it has been reported that 

the speed of progression differs among fish species,1-3) 

storage temperatures, 1,4-8) and killing procedures 9-12) as 

well as between cultured wild fish4,13) and among habitat 

temperatures14-17) in the same fish species. Meanwhile, it is 

generally known that rigor mortis occurs when muscle ex

tension vanishes through the irresistible coupling of actin 

and myosin by the consumption of ATP as energy matter. 

Iwamoto et al. 1,4,5,12) analyzed ATP resolution and lactate 

accumulation in muscle with the progress of rigor mortis 

in red sea bream, Japanese flounder, and several sea water 

fishes. They reported that not only the progression speed 

of rigor mortis but also both ATP resolution and lactate 

accumulation were faster in fish stored at 0•Ž than in fish 

stored at 10•Ž in all of the fish species. However, they 

found almost no correlation between the progression 

speed of rigor mortis and the total amounts of ATP resolu

tion. Regarding the correlation between the progression 

speed of rigor mortis and the acclimation temperature, 

Watabe et al.14.16,17) reported that carp acclimated to low 

temperature (10•Ž) exhibited not only a more rapid 

progress of rigor mortis, but also higher Mg2+-ATPase ac

tivity of myofibril and Ca2+ uptake rate of sarcoplasmic 

reticulum than carp acclimated to high temperature (30•Ž). 

Furthermore, they considered that Ca2+ concentration sur

rounding myofibril might be increased rapidly in carp accli

mated to low temperature (10•Ž) than in carp acclimated 

to high temperature (30•Ž), and the difference in the speed

of progress of rigor mortis between the two groups of carp 

might be a result of the gradually enhanced Mg2+-ATPase 

activity and accelerated ATP resolution by a more rapid 

rise of Ca2+ concentration surrounding myofibril in carp 

acclimated to low temperature (10•Ž). Therefore, though 

the relationship between the progression speed of rigor 

mortis and the total amounts of ATP resolution has been 

recognized distinctly in the same fish species, in different 

fish species it has not been recognized. In other words, 

though the difference of progression speed and strength in 

rigor mortis among other fish species has already been 

recognized, the cause has not been studied.

Therefore, we attempted to clarify the cause of the differ

ence in rigor mortis between cultured red sea bream and 

cultured Japanese flounder. As a part of this study pro

gram, we particularly examined the discrepancies in the 

progress of muscular contraction for both fish species.

Experimental Methods

Sample Fish

Cultured red sea bream Pagrus major and cultured 

Japanese flounder Paralichthys olivaceus, which have 

been already shown to be remarkably different in the 

progression speed and pattern of rigor mortis, were used 

as sample fish species. The 2-year-old fish had been culti

vated at Toisu Bay, Nagasaki prefecture, and were pur

chased.from a fish farmer in the summer season at a 

habitat temperature near 25•Ž. To adapt them at 25•Ž be
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Fig. 1. The illustration of apparatus measured the changes of muscular 

 contraction with the lapse of storage time. The muscle was arranged 

 in a pillar form of about 1.5 cm •~ 1.5 cm in cross section and about 

 10 cm in length with scales, skin, and dark muscle, and then was 

 placed facing scale side downward on the glass plate in a constant

 temperature water bath saturated with water vapor.

cause of the slightly irregular time for purchase, they were 

held in a laboratory tank with water at a habitat tempera

ture of 25•Ž for 2 months or more. They were fed moist 

pellets daily and were used as experimental sample fish.

Measurement of Contractile Percentage in Muscle

The sample fish were killed by cutting the hind brain af

ter being anesthetized in sea water containing MS-222 

(100 ppm). The dorsal muscles, attached scales and skin 

then were immediately cut off in a pillar form of approxi

mately 1.5 •~ 1.5 •~ 10 cm along the direction of the body 

length from both sides of the fish body in cultured red sea 

bream and from 2 or 3 positions of the upper side with at

tached eyes in cultured Japanese flounder. These regions 

are shown in Fig. 1.

The changes in muscle length accompanying rigor mor

tis were measured with the lapse of storage time, by laying 

the muscular scale side downward on a glass plate in a con

stant-temperature water bath saturated with water vapor 18) 

(Fig. 1). The contractile percentage of muscle was calculat

ed as follows: [(A-B)/A] •~ 100, where A and B express 

muscle length just after killing and after passing for one 

time, respectively. The measurement was conducted at 

storage temperatures of 25, 20, 15, 12, 10, 8, 6, 5, 4, and 

3•Ž. Table 1 shows detailed experiments at various storage 

temperatures for several pieces of the pillar form muscle 

cut off from the same fish body. When the muscle contract

ed with the lapse of time, neither adhering to the glass 

plate nor notable curvature of muscle were observed.

Results

Temporal Changes of Muscular Contraction
The temporal changes of muscular contraction in the pil

lar form of muscle at various storage temperatures are 
shown in Fig. 2 for cultured red sea bream and cultured 
Japanese flounder. These results of both fish species in
clude different fish specimens. Comparing the progress of 
muscular contraction between the two fish species, the tem
poral change of muscular contraction in cultured red sea 
bream progressed faster and was higher in level than that 
in cultured Japanese flounder at various storage tempera
tures.

Relationship between Storage Time and Muscular Contrac

tion

The temporal change of muscular contractile percentage 

followed a straight line at various storage temperatures 

(Fig. 2), so we attempted to describe the temporal change 

by an equation. The relationship between the storage time 

and muscular contractile percentage within the range until 

reaching a peak of muscular contractile percentage is 

shown in Table 2 for all of the cases at various storage tem

peratures in both fish species. The relationship for all of 

the cases exhibited a positive, highly significant correlation 

of p < 0.001 or p < 0.01.These regression lines correspond

ed very well with the actual measurement values.

The slope of the regression line, the progression speed 

of muscular contraction per hour, was higher in cultured 

red sea bream than in cultured Japanese flounder in all of 

the cases at various storage temperatures, with the excep

tion of a case at 25•Ž in cultured Japanese flounder. 

 Comparing the slope value among various storage tem

peratures in the same fish species, the slope was steepes in 

the order of 25•Ž>4•Ž>8•Ž>12•Ž>6•Ž>20•Ž> 

10•Ž in cultured red sea bream and 25•Ž>20•Ž>5•Ž> 

3•Ž> 15•Ž> 10•Ž>8•Ž> 12•Ž in cultured Japanese 

flounder. Namely, the slope for each fish species was 

lowest at 10•Ž in cultured red sea bream and at 12•Ž in cul

tured Japanese flounder, respectively.

Relationship between Storage Temperature and Slope of 

Regression Line

The relationship between the storage temperature and 

slope of regression line is shown in Fig. 3. For both fish spe

cies, though the progression speed slowed with the 

decrease of storage temperature within the range from 25 

to 10•Ž or 12•Ž, within the range under 8•Ž or 10•Ž, it 

became faster. Namely, the change of slope with the 

decrease of storage temperature in cultured red sea bream 

exhibited a concave parabola shape having the lowest 

value near a storage temperature of 10•Ž. Though it is as

sumed that the same aspect existed in cultured Japanese 

flounder, the lowest value was found to be near a storage 

temperature of 12•Ž.

Temperature at which Cold Rigor Mortis Appears 

Concerning the results for the same fish specimen, the 

temporal values of muscular contractile percentage at 10•Ž 

were newly plotted against those at 12•Ž, as shown in 

Fig. 4 by fish species. For both fish species, the plotted
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Tablet. Standard body length and body weight of sample fish used for this experiment. These sample fish were reared at 25•Ž during 

 over two months

Fig. 2. The change of muscular contractile percentage with the lapse of 

 storage time at various storage temperatures in cultured red sea

 bream and cultured Japanese flounder.

points were distributed above the line Y=X. Namely, the 

temporal levels of muscular contraction were higher at 

10•Ž than at 12•Ž . Furthermore, though the temporal lev

els for other storage temperatures are not shown, they 

were as follows: 25•Ž>6•Ž , 20•Ž<44•Ž, 12•Ž<8•Ž, 
10•Ž<6•Ž, and 8•Ž<6•Ž in cultured red sea bream and

25•Ž>5•Ž> 15•Ž, 20•Ž> 15•Ž, 12•Ž<8•Ž, and 10•Ž 

< 5 •Ž < 3 •Ž in cultured Japanese flounder, respectively. 

These results in the same fish specimen supported the 

foregoing results in different fish specimens, with the 

exception of two cases between 10 and 12•Ž and between 

8•Ž and 6•Ž in cultured red sea bream. Namely, the 

storage temperature at which cold rigor mortis appeared 

was near 10•Ž in both fish species.

Discussions

In cultured red sea bream and cultured Japanese flound

er acclimated at a habitat temperature of 25•Ž, the tem

poral changes of muscular contraction were faster in cul

tured red sea bream than in cultured Japanese flounder at 

various storage temperatures within the range from 25•Ž 

to near 5•Ž, and the peak level also was remarkably higher 

in cultured red sea bream (Fig. 2). Iwamoto et al. 4,5,13) also 

reported a comparison of the progression speed of rigor 

mortis at two storage temperatures of 5 and 10•Ž between 

red sea bream and plaice, and found that the time of initia
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Table 2. Relationship between storage time and muscular contrac

 tile percentage at several storage temperatures

Two and three asterisks show p<0.01 and p<0.001 of the significant level, respec
tively.

Fig. 3. The change of slope of regression line between the storage time 

 and muscular contractile percentage with the storage temperatures in

 cultured red sea bream and cultured Japanese flounder.

tion of rigor mortis and the time elapsed to complete rigor 

mortis were both faster in red sea bream than in place. Our 

results agreed well with their findings.

In both fish species, though the progression speed of 

muscular contraction slowed with the decrease of storage 

temperature within the range from 25 to 12•Ž, within the 

range under 10•Ž, it became faster. Namely, the storage 

temperature at which cold rigor mortis appeared was near 

10•Ž in both fish species. As for these results in the case of 

common rigor mortis which slowed in progression speed 

of muscular contraction with a decrease of storage temper

ature and in the case of cold rigor mortis which progressed 

faster with a decrease of storage temperature, a possible 

cause for the former case of common rigor mortis is the 

decrease of myofibrillar Mg2+-ATPase activity with the 

decrease of storage temperature. Regarding the possible 

cause for the latter case of cold rigor mortis, Watabe et 

al.17) had reported that the Ca2+-uptake rate of sarcoplas

mic reticulum was decreased rapidly by cold shock Ca2+

Fig. 4. The relationship between the muscular contractile percentages 

 at 12 and 10•Ž of storage temperature in muscles cut off from the 

 same specimen by cultured red sea bream and cultured Japanese 

 flounder. The muscular contractile percentage value at 10•Ž of 

 storage temperature was plotted against that at 12•Ž of storage tem

 perature with the lapse of storage time.

concentration surrounding myofibril was increased con
tinuously, which increased myofibrillar Mg2+-ATPase ac
tivity. Therefore, in both cases of common rigor mortis 
and cold rigor mortis, it was considered that the change of 
progression speed of rigor mortis with the decrease of 
storage temperature was caused by the change of myofibril
lar Mg2+-ATPase activity.

The possible cause for the difference of progression 
speed of rigor mortis between both fish species was consi
dered to have been caused by the difference of myofibrillar 
Mg2+-ATPase activity. Iwamoto et al. 1,4,1,12) however, 
found almost no correlation between the progression 
speed of rigor mortis and the total amounts of ATP resolu
tion in red sea bream, Japanese flounder, and several sea 
water fishes. Therefore, it is conjectured that the difference 
might be caused by the difference of character in myofibril
lar Mg2+-ATPase or the difference of contractile mechan
ism in actomyosin between both fish species.
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