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ABSTRACT

The muscles of dark-fleshed fish species including sardine (Sardinella gibbosa) 
and mackerel (Rastrelliger kanagurta) were characterized. Different fish species showed the 
different protein compositions and lipid content, depending upon muscle type. Lipid and 
myoglobin contents were higher in dark muscle than in ordinary muscle of both species and 
higher contents of both constituents were found in sardine muscle than mackerel muscle. Alkali-
soluble protein and stroma contents were greater in dark muscle than in ordinary muscle. 
Mackerel muscle comprised a higher content of non-protein nitrogenous compounds than sardine 
muscle. The highest removal of myoglobin from sardine and from mackerel muscle was achieved 
when the mince was washed with 0.2% NaCl and 0.5% NaCl, respectively, particularly with the 
first washing cycle. The breaking force of directly heated and kamaboko gels from both sardine 
and mackerel mince washed with NaCl solution was higher than that of unwashed mince and 
water washed mince (P<0.05). In general, sardine surimi showed the superior gel-forming ability 
and whiteness to mackerel muscle. Alkaline solubilizing process affected the whiteness and gel 
properties of sardine and mackerel surimi differently. The highest whiteness was found in the gel 
of sardine surimi produced by alkaline process with prewashing but the highest whiteness was 
obtained in the gel of mackerel surimi washed with distilled water. However, alkaline solubilizing 
process induced the denaturation of muscle proteins as evidenced by the decrease in Ca2+-ATPase 
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activity with the changes in the surface hydrophobicity. As a consequence, surimi prepared by 
alkaline solubilizing process showed the gel with lower breaking force and deformation than that 
conventionally prepared by water or NaCl washing (P<0.05).

With increasing iced storage time, the total extractable pigment and heme iron
contents of sardine and mackerel muscles decreased (P<0.05), while the non-heme iron content
tended to increase. The soret band of myoglobin decreased with the concomitant decrease in
redness index (a*/b* ratio) when the storage time increased, suggesting the destruction of the
heme protein. A blue shift of myoglobin observed in both species coincided with a slight increase
in metmyoglobin content and was associated with the darkening of meats caused by the oxidation
of myoglobin. Lipid deterioration, lipolysis and lipid oxidation, also occurred throughout the iced
storage of 15 days. A progressive peroxide formation was observed up to 6 days of iced storage,
followed by a continuous decrease from then for 9 days (P<0.05). The increase in thiobarbituric
reactive substances (TBARS) was noticeable throughout the iced storage (P<0.05). Marked
decreases in unsaturated fatty acids, especially eicosapentaenoic acid (EPA; C20:5(n-3)) and
docosahexaenoic acid (DHA; C22:6(n-3)), were observed as the storage time increased. A gradual
increase in free fatty acid formation, with decreases in triglyceride and phospholipid contents,
was also found during iced storage (P<0.05).

Myoglobin from the dark muscle of sardine (Sardinella gibbosa) with the
molecular weight of 15.3 kDa was isolated and characterized. The different myoglobin
derivatives exhibited varying thermal unfolding characteristics. Deoxymyoglobin showed a single

distinct endothermic peak at 74.5°C, whereas two transition temperatures were noticeable for

oxymyoglobin (64.5°C and 78.4°C) and metmyoglobin (59.0°C and 76.0°C). The spectrum of
deoxymyoglobin and oxymyoglobin had absorption bands at 739, 630, 575, 500 and 405 nm,
while the disappearance of the peak at 575 nm was found in the spectrum of metmyoglobin. The
soret peak of all derivatives was noticeable at 405 nm. The autoxidation of myoglobin became
greater at very acidic or alkaline conditions as evidenced by the formation of metmyoglobin, the
changes in tryptophan fluorescence intensity as well as the disappearance of soret absorption. The

higher temperature, particularly above 40°C, and the longer incubation time induced the higher
metmyoglobin formation as well as the conformational changes.
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The interaction between myoglobin and natural actomyosin (NAM) in the
bluefish NAM-tuna myoglobin model system was pronounced at higher ionic strength, higher
temperature and longer incubation times (P<0.05). The binding of NAM to myoglobin was
greater in the presence of aldehyde especially unsaturated aldehyde (P<0.05). The changes in
myofibrillar proteins during frozen storage also enhanced the adduction of myoglobin to NAM.
When the interaction proceeded, the increases in the relative content of bound myoglobin and
metmyoglobin formation with concurrent decreases in whiteness and  Ca2+-ATPase activity were
generally observed (P<0.05).  SDS-PAGE patterns of protein samples suggested that myoglobin-
NAM interactions likely occurred via both disulfide and non-disulfide bonds and resulted in the
formation of high-molecular-weight aggregates (>206 kDa). Among myofibrillar proteins,
myosin was mainly involved in the interaction with myoglobin.




