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ABSTRACT
Physicochemical changes of oxeye scad (Selar boops) and shrimp scad (Alepes djedaba)

whole muscles were investigated during ice storage (0C) for 15 days. Muscle pHs of  both
species tended to increase throughout the storage period and shrimp scad muscle had a higher
pH value at all time points (p<0.05). The decreases in Ca2+-ATPase activity, protein solubility
and sulfhydryl group content with a concomitant increase in disulfide bond formation were
found in both species when the storage time increased (p<0.05). The proteolytic degradation
pattern of  both species, analyzed by SDS-PAGE, revealed that myosin heavy chain (MHC)
was negligibly hydrolyzed but an increased trichloroacetic acid (TCA)-soluble peptide content
was markedly found throughout the storage time (p<0.05). Breaking force of kamaboko gel
of surimi prepared from both species decreased as storage time progressed (p<0.05) but a
marked reduction in breaking force was noticeable in shrimp scad (p<0.05). Therefore,
extended storage in ice seemed to have a negative effect on the stability of muscle protein as
well as the gel strength of surimi processed from aged fish. In addition, the physicochemical
changes of fish muscle during iced storage were species-dependent.
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1. INTRODUCTION
Demand for fish is increasing due to the

increase in population. Oxeye scad and
shrimp scad are abundant dark-fleshed
fish species commonly caught in Southern
Thailand, especially in the Thasala coast of
Nakhon Si Thammarat. During handling, fish
usually deteriorate caused by microorganisms
and chemical reactions resulting in the
degradation and denaturation of myofibrillar
proteins and the loss in their functional

properties. Deterioration of  fish during iced
storage depends on many factors including
fish species, storage temperature, time and
enzymatic degradation [1]. The degree of
denaturation varies, depending on fish species
[2]. Denaturation and proteolytic degradation
during iced storage lead to the loss in
gel-forming ability of  muscle protein [3]. This
study aimed to investigate the physicochemical
instability of muscles from oxeye scad and
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shrimp scad and gel-forming ability of  surimi
from both species during iced storage.

2. MATERIALS AND METHODS
Oxeye scad and shrimp scad with an

average weight of 110-120 g and 125-140 g,
respectively, were obtained from the fishing
port in Thasala, Nakhon Si Thammarat.
Oxeye scad (50 kg) and shrimp scad (50 kg),
off-loaded approximately 12 h after capture,
were placed in ice with a fish/ice ratio of
1:2 (w/w) and transported to the School of
Agricultural Technology, Walailak University,
Thasala Nakhon Si Thammarat within 1 h.
Whole oxeye scad and shrimp scad were
kept in ice with a fish/ice ratio of 1:2 (w/w).
The fish were placed and distributed
uniformly between the layers of  ice. The box
containing fish and ice was kept at 4C for
15 days. To maintain the ice content, melted
ice was removed and replaced with an equal
amount of  ice every 2 days. Average of  inner
temperature of  fish measured by Testo 104
thermometer was 4.140.26 and4.220.24C
for oxeye scad and shrimp scad, respectively.

During storage, 1 kg of fish was
randomly taken as the composite sample
at days 0, 3, 6, 9, 12 and 15 for analyses.
The fish samples were washed and filleted.
The whole muscle was collected, minced to
uniformity and used for analyses. The pH,
protein solubility and TCA-soluble peptide
was determined by the method of  Benjakul
and others [4], Benjakul and Bauer [5] and
Morrissey and others [6], respectively.
Ca2+-ATPase activity, reactive sulfhydryl
(SH) and disulfide bond content of
natural actomyosin (NAM) was determined
according to the method of Benjakul and
others [4], Ellman [7] and Thannhauser
and others [8], respectively. The protein
patterns of whole muscle were analyzed by
SDS-PAGE [9] under reducing condition.

To prepare surimi by conventional washing
process, whole fish mince was washed with
cold water (4C) [10] using a water/mince
ratio of 3:1 (v/w). The mixture was stirred
gently for 10 min in a cold room (4C) and
the washed mince was filtered with a layer
of  nylon screen. Washing was performed
three times. Finally, the washed mince was
centrifuged at 700 xg for 15 min using a basket
centrifuge. The washed mince was added with
4% sucrose and 4% sorbitol mixed well and
frozen using an air-blast freezer. The frozen
samples referred to as ‘surimi’ were kept at -
18C until used. To prepare the gels, the frozen
surimi samples were thawed at 4C for 3-4 h
until the core temperature reached 0C.
The samples were then cut into small pieces
and the moisture content was adjusted to
80% by the addition of  iced water. The
samples were added with 2.5% (w/w) NaCl
and chopped for 5 min in a walk-in cold
room at 4C to obtain the homogeneous sol.
The sol was stuffed into a polyvinylidine
casing with a diameter of 2.5 cm and both
ends of  the casing were sealed tightly. The sol
was then incubated at 40C for 30 min,
followed by heating at 90C for 20 min and
cooled in iced water for 30 min. This sample
was referred to as ‘kamaboko gel’ [10]. The
gels were stored for 24 h at 4C prior to
analysis. Breaking force and deformation of
surimi gel prepared from both species during
storage were measured using a TA-XT2i
texture analyzer (Stable Micro Systems,
Godalming, Surrey, UK) with a spherical
plunger (diameter 5 mm, depression speed
of  60 mm/min). For the stastistical analysis,
data were subjected to analysis of variance
(ANOVA). Comparison of  means was carried
out by Duncan’s multiple range test. The
statistical analysis was performed using
Statistical Package for Social Science (SPSS 10.0
for windows).
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3. RESULTS AND DISCUSSION
3.1 pH

The changes in muscle pH of scads
during storage in ice are shown in Figure 1.
The initial pH values of oxeye scad and shrimp
scad stored in ice were 6.380.04 and
6.660.02, respectively. Variations amongst
the initial values of pH may due to the
species, diet, level of activity and other factors
[11]. During the storage period the pH of
oxeye scad muscle was consistently lower
than that of shrimp scad muscle. The
differences in pH changes between the two
species might be due to the differences in
the glycolysis rate [12], buffering capacity
and microbial count of  those muscles. The
activity of enzymes converting glycogen into
lactic acid might be different between two
species. Lactic acid, generated in anoxic
conditions from glycogen, is the principal
factor in lowering the post mortem pH in
the fish muscles [10]. The increase in pH during
extended storage was mainly due to the
decomposition of nitrogenous compounds
caused primarily by microbial activity [13].

During the first 6 days of storage, the
pH values of  both species increased markedly.
At day 9, decrease in the pH values of two
species was observed. The rapid decline in
pH could be the result of the accumulation
of lactic acid [14]. However, the pH values
of both fish species increased significantly
from day 9 to day 15 (p<0.05). This was
probably due to the accumulation of basic
compounds such as ammonia and TMA,
mainly derived from microbial action [15].

Figure 1. Changes in pH of oxeye scad and
shrimp scad muscles during iced storage.

3.2 Ca2+-ATPase Activity
The Ca2+-ATPase activities of the NAM

extracted from oxeye scad muscle
decreased with increasing storage time
(p<0.05) (Figure 2). The decreasing rate of
Ca2+-ATPase activity was much greater in
oxeye scad muscle than in shrimp scad
muscle. For shrimp scad, the Ca2+-ATPase
activity remained constant for the first 12 days
and decreased sharply on day 15. The results
indicated that myosin underwent some
conformational changes during iced storage.
Ca2+-ATPase has been used as an indicator
of myosin integrity [4]. The loss in Ca2+-
ATPase was possibly associated with the
proteolysis and denaturation of myosin
molecule [16]. Differences in protein integrity
among fish species were possibly caused
by different susceptibility to denaturation
of  muscle protein during handling. As the
storage time increased, the marked decrease
in Ca2+-ATPase activity was observed. The
decreasing rate of Ca2+-ATPase activity varied,
depending on species [17].
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3.3 SH and Disulfide Bond Contents
A sharp decrease in SH content was

observed in the first 3 days of  storage,
particularly in shrimp scad muscle. Greater
decrease in SH content was observed in
shrimp scad than oxeye scad (p<0.05) (Figure
3(a)). Conversely, SH contents of  oxeye scad
increased gradually within the first 3 days.
Thereafter, SH content decreased (p<0.05) as
the storage time increased (Figure 3(a)). From
this result, the decrease in SH content was in
agreement with the increase in disulfide bond
content (Figure 3(b)). The accelerated
denaturation of myosin molecules, especially
the conformational changes, in which the
reactive SH groups were exposed to oxidation,
might result in increased disulfide bond
formation. However, the changes in disulfide
bond varied, depending on species [3].

3.4 Protein Solubility
Protein solubility of oxeye scad and

shrimp scad muscles decreased gradually
during iced storage (p<0.05) (Figure 4). It has
been reported that a progressive decrease
in solubility of myofibrillar proteins during
storage was due to protein aggregation [18].
Oxeye scad showed a greater decrease in
protein solubility than shrimp scad, particularly
after day 9. The decrease in solubility was
most likely associated with the formation of

Figure 2. Ca2+-ATPase activity of NAM
extracted from oxeye scad and shrimp scad
muscles during iced storage.

disulfide bonds (Figure 3b). Disulfide bonds
are associated with the crosslinking of
myosin heavy chain contributing to
the formation of  high molecular weight
polymers and aggregates [19]. A decrease in
protein solubility during prolong storage of
fish muscle could be related to the possible
unfolding of myofibrillar proteins exposing
the hydrophobic groups to the exterior
[20-21]. Another possible contributing
factor could be the formation of  the cross
bridge between myosin and actin in the
post-rigor muscle [22]. Presence of structural
proteins like M-line and Z-line proteins,
which are responsible for the integrity of
muscle structure, can cause a decrease the
solubilization of myofibrillar proteins in fresh
fish [22-23]. The solubility characteristics
related to the protein surface composition,
which is responsible for the protein-solvent
interaction and hence solubilization [24].

Figure 3. Changes in reactive SH (a) and
disulfide bond (b) contents of NAM extracted
from oxeye scad and shrimp scad during iced
storage.
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Figure 4. Changes in protein solubility of
oxeye scad and shrimp scad muscles  during
iced storage.

was found for oxeye scad (p<0.05), suggesting
the continuous occurrence of proteolysis
during storage. This finding is somewhat
similar to those found in lizardfish [3] sea
bass [26] and cod muscles [27] in which no
marked changes in the electrophoretic profiles
were observed whereas the TCA-soluble
peptide contents increased significantly.

Autolytic proteolysis through the action
of endogenous enzymes may contribute to
the deterioration of fish flesh [28] but
this phenomenon is preferred in some fish
fermentation [29]. The differences in fish
species and the temperatures of  their normal
habitat may contribute to the differences in
postmortem degradation of various muscle
proteins [28].

Figure 5. TCA-soluble peptides of oxeye
scad and shrimp scad muscles during iced
storage.

3.5 TCA-soluble Peptides and Protein
Pattern

TCA-soluble peptides of both species
increased throughout 15 days of iced storage
(p<0.05), suggesting the autolytic degradation
of fish proteins (Figure 5). Oxeye scad muscle
had more TCA-soluble peptides than shrimp
scad muscle. TCA-soluble peptide observed
in both samples were conversely proportional,
with MHC and actin remaining in the samples
(Figure 6). It can be noted that not only MHC
and actin were degraded during storage but
another muscle proteins also underwent
degradation. Therefore, the increase in
TCA-soluble peptide without marked
changes in MHC and actin visualized by
SDS-PAGE was noticeable. In addition, the
amount or the size of the protein fragments
might be too small to be detected owing to
the sensitivity and resolution limits of the
present electrophoretic analysis [25].

The initial TCA soluble peptides might
indicate the endogenous oligopeptides in both
samples as well as the degradation products
generated during post-harvest handling [4].
The increase in the contents of TCA-soluble
peptides during storage might indicate the
activity of endogenous and microbial
proteases [25]. In general, a slight increase in
TCA-soluble peptide contents was found for
shrimp scad, while a higher rate of increase

Figure 6. SDS–PAGE pattern of  muscle
proteins from oxeye scad (a) and shrimp scad
(b) during iced storage under reducing
condition. Numbers designate storage time
(days). S = standard marker, MHC = myosin
heavy chain and AC = actin.
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3.6 Textural Properties of  Surimi Gels
Breaking force and deformation of

surimi gels prepared from oxeye scad and
shrimp scad stored in ice are shown in
Figure 7. When the storage time increased
breaking force of surimi gel from both species
decreased markedly (p<0.05). Greater
decrease in breaking force was found in surimi
gel prepared from shrimp scad (p<0.05).
Continuous decreases in deformation was
observed when storage time increased
(p<0.05). However, after day 6, no marked
difference in deformation was found in surimi
gel from oxeye scad.

This result was coincidental with the
increase in protein denaturation and
degradation with increasing storage time [3].
During the denaturation or degradation
processes, the hydrophobic and hydrogen
bonds buried in the interior of the protein
molecule become exposed and broken from
their native arrangement with consequent
conformational changes in coiled or helical
sections of the peptide chain [30]. Denatured
proteins could form the aggregates where
the imbalance between protein-protein
and protein-water interactions took place.
Therefore, the gel strength and deformation
of stored fish were inferior to those prepared
from fresh fish.

Figure 7. Breaking force (a) and deformation
(b) of surimi gels from oxeye scad and shrimp
scad during 15 days of iced storage.

3.7 Whiteness
Whiteness of surimi gels from both

species generally decreased as the storage
time increased (p<0.05; Figure 8). Normally,
gels from shrimp scad had higher whiteness
than had oxeye scad at all time points.
Decrease in whiteness was probably due
to the oxidation of residual heme pigments
in fish muscle, particularly myoglobin and
hemoglobin [3]. Additionally, lipid oxidation
products such as aldehyde formed during
storage might be interacted with muscle
proteins via the Maillard reaction to form
brown pigment [31]. As a consequence, surimi
gel produced from stored fish showed a
lower whiteness compared with that did from
fresh fish [3].

Figure 8. Whiteness of surimi gels from oxeye
scad and shrimp scad during 15 days of iced
storage.
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4. CONCLUSION
Extended storage in ice seemed to have

a negative effect on the stability of scad
muscle proteins as well as the gel strength of
surimi processed from stored fish. In addition,
the physicochemical changes of fish muscle
during iced storage were species-dependent.
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