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Effect of Ice Storage on the Physicochemical
and Dynamic Viscoelastic Properties of
Ribbonfish (Trichiurus spp) Meat
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Introduction

The gel-forming ability of myofibrillar proteins of fish muscle is
an important functional property of wide interest because it is

responsible for the formation of better texture. Specific proteins re-
sponsible for gelation properties are myosin and actomyosin (Ash-
gar and others 1985). Gelation of myosin molecules involves partial
denaturation followed by irreversible aggregation of myosin heads
through formation of disulfide bonds and helix-coil transitions of
the meromyosin tail region resulting in a 3-dimensional network
(Niwa 1992; Stone and Stanley 1992). Various studies carried out on
the effect of freshness on the gelling properties of fish muscle pro-
teins have shown that the rate of decrease of gel strength depends
upon factors such as species (Matsumiya and others 1985), fresh-
ness state of the fish; pre-rigor, rigor, post-rigor states (Park and
others 1990; Benjakul and others 2003), and the season of capture
(Niki and others 1984). The loss in gelling ability of fish meat or
model system is due to denaturation, aggregation, and autolysis of
myofibrillar proteins during storage (Haard and Warren 1990;
Chalmers and others 1992).

One of the commonly used ingredients to enhance the gel-forming
ability of fish meat is starch. Starch is extensively used in surimi (sep-
arated fish flesh is water washed, mixed with cryoprotectants, frozen,
and frozen stored) based products such as kamaboko, fish sausage,

and seafood analogs. Starch can serve several important functions in
surimi gels (Ma and others 1996); it can improve gel strength, modify
texture, and reduce the cost of production. For the mechanism of in-
teraction between starch and fish protein it has been proposed that
the gel-strengthening property might be due to swelling and water
uptake of starch during gelatinization upon heating (Lee and Kim
1985). During thermal processing of starch-surimi systems, significant
rheological changes due to sol-gel transformation of fish proteins and
gelatinization of starch are observed (Belibagli and others 2003). Dif-
ferent botanical sources of starches behave differently with regard to
texture of surimi-starch gels (Park 2000). Potato starch, for instance,
increases the gel strength of fish paste more than cornstarch because
of its ability to bind a larger amount of water or swell to a larger gran-
ule size (Lee and others 1992). Rheological monitoring of mixed systems
of fish meat and starch during gelation can be valuable in understand-
ing the mechanism of heat set gel formation (Hamann and Mac-
Donald 1992). The texture of these products depends upon the inter-
action of starch and proteins with water. Hence, from a practical point
of view, the rheological characterization of foods and their constituents
is very important, particularly in relation to structure and stability. Dy-
namic measurements involving small deformations under either con-
stant or sinusoidal oscillating stress may give more reliable informa-
tion on viscoelastic characteristics of the gel compared with large strain
test (Oakenfull and others 1997) and could aid in prediction of textural
quality for product formulation or in processing (Konstance and others
1995).

Storage of fish in ice is an important pre-processing operation. The
rate of deterioration during ice storage of fish is species-specific and
depends on the concentration of substrate and metabolite in the tis-
sue of fish, microbial contamination, and conditions after catching
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(Pacheco-Aguilar and others 2000). It is important to understand the
various changes that take place in different components of fish meat
during ice storage, which have bearing on gelling and other physico-
chemical properties of proteins. In addition, it is interesting to study
the effect of ice storage on the viscoelastic properties of fish meat in
combination with starch to predict the textural properties of the heat-
induced gel product. Ribbonfish was chosen for the present study
because it is a fish of low economic value and contributes to 7.5% of
total Indian marine landings (CMFRI 2003). Thus, the potential for the
preparation of value-added product from ribbonfish meat appears
high. The objective of the present investigation was to study the effect
of ice storage on the physicochemical and viscoelastic properties of
ribbonfish meat and to evaluate the influence of corn and tapioca
starches on the dynamic viscoelastic properties of ice stored ribbonfish
meat. In this study, we focus on the use of cornstarch, which is the most
widely used ingredient in the food industry and tapioca starch, which
is in plentiful supply in the south west coast of India.

Materials and Methods

MaterialsMaterialsMaterialsMaterialsMaterials
Fresh ribbonfish (Trichiurus spp) caught by trawl net along the West

coast of India, Mangalore, was used for the study. The length of fish
used was 90 to 95 cm, weighing 700 to 800 g. Immediately after har-
vest, the fish were washed in fresh water and iced in the ratio of 1:1
(fish:ice) and transported to the laboratory. Head and entrails were
removed manually, and the fish were washed with chilled water (3
°C). For ice storage studies, steaks weighing 100 g to 150 g each was
made from the whole fish and packed in polythene bags. The steaks
with polythene bags were iced in the ratio 1:1 and stored in insulated
boxes, which were kept at ambient temperature (25 °C to 27 °C) and
replenished with ice periodically after draining the melted ice water.
Corn and tapioca starches were obtained locally in Mangalore, India.

Proximate composition of ribbonfish meatProximate composition of ribbonfish meatProximate composition of ribbonfish meatProximate composition of ribbonfish meatProximate composition of ribbonfish meat
Meat was separated manually and macerated well using a pestle

and mortar. The macerated meat was used for proximate composi-
tion. Moisture, crude protein, fat, and ash content in the meat were
determined by the AOAC method (Conniff 1995) method.

TTTTTotal votal votal votal votal volatile basic nitrolatile basic nitrolatile basic nitrolatile basic nitrolatile basic nitrogen, trogen, trogen, trogen, trogen, triiiii
methyl amine nitrogen, and pHmethyl amine nitrogen, and pHmethyl amine nitrogen, and pHmethyl amine nitrogen, and pHmethyl amine nitrogen, and pH

Total volatile basic nitrogen (TVBN) content and tri-methylamine
nitrogen (TMAN) content were determined according to Beatty and
Gibbons (1937), using the Conway micro diffusion method. The pH
of ribbonfish meat samples was measured using a pH meter
(Systronic 324 pH meter, Ahemdabad, India). Five grams of meat was
macerated with 45 mL of distilled water, and the pH was measured.

Non-protein nitrogen contentNon-protein nitrogen contentNon-protein nitrogen contentNon-protein nitrogen contentNon-protein nitrogen content
Non-protein nitrogen (NPN) content of ribbonfish meat was

determined by the method described by Velankar and Govindan
(1958), using TCA extract and was expressed as mg/100 g of meat.
About 3.0 g of meat was macerated with 15 mL of 15% TCA for 5 min
using a dried pestle and mortar. The homogenate was allowed to
stand at 4 °C for 30 min. The slurry was filtered and made up to 50
mL with distilled water and 5 mL of aliquot was taken for nitrogen
estimation using the Kjeldahl method.

Solubility of proteins in high ionic strength bufferSolubility of proteins in high ionic strength bufferSolubility of proteins in high ionic strength bufferSolubility of proteins in high ionic strength bufferSolubility of proteins in high ionic strength buffer
Total proteins were extracted using the extraction buffer (EB;

phosphate buffer, 50 mM; pH 7.5, containing 1 M NaCl). The
meat:buffer ratio used was 1:10. The meat was homogenized using

an Ultra-Turrax homogenizer (Ultra-Turrax, T 25, Janke & Kunkel
GMBH & Co., Staufen, Germany) at 9000 rpm for 2 min. The homo-
genate was centrifuged at 9000 × g for 15 min using a refrigerated
centrifuge (Intl. Equipment Co., IEC, B22, Needham Heights,
Mass., U.S.A.) maintained at 4 °C. The total nitrogen content of the
clear supernatant was determined by the Kjeldahl method. The
nitrogen value obtained was multiplied by a factor of 6.25 to obtain
the protein content and expressed as a percentage of total protein.

Sodium dodecyl sulphate-Sodium dodecyl sulphate-Sodium dodecyl sulphate-Sodium dodecyl sulphate-Sodium dodecyl sulphate-
polyacrylamide gel electrophoresispolyacrylamide gel electrophoresispolyacrylamide gel electrophoresispolyacrylamide gel electrophoresispolyacrylamide gel electrophoresis

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) was performed as described by Laemmli (1970). The
concentration of acrylamide was 10%. The thickness of the gel was
0.75 mm. Electrophoresis was carried out at a constant current mode
in a vertical slab gel electrophoresis apparatus (Hoefer–Pharmacia
Biotech Inc., SE–50, San Francisco, Calif., U.S.A.). A standard marker
protein mixture of high range molecular weight obtained from Sigma
Chemicals (St. Louis, Mo., U.S.A.) was loaded into a separate well.

Apparent reduced viscosityApparent reduced viscosityApparent reduced viscosityApparent reduced viscosityApparent reduced viscosity
Apparent reduced viscosity of total proteins extracted in extraction

buffer was measured at 25 °C ± 1 °C using an Ostwald’s viscometer.
Proteins were extracted with the extraction buffer (EB) as solvent in
the ratio 1: 10 (meat:EB). The slurry was homogenized at 9000 rpm for
2 min and centrifuged at 9000 × g for 15 min at 4 °C. The clear super-
natant obtained was used for viscosity measurements after deter-
mining protein concentration by the Lowry method (Lowry and oth-
ers 1951). The reduced viscosity at different protein concentration
was calculated by the method as described by Yang (1961). A plot of
apparent reduced viscosity at a single protein concentration of 5 mg/
mL (derivative value) during ice storage period was obtained.

Gel filtrationGel filtrationGel filtrationGel filtrationGel filtration
Gel filtration profile of total proteins extracted using EB was carried

out on a Sepharose 6B gel packed in a column of 1.5 × 80 cm (diameter
× height) at ambient temperature (27 °C). The eluant used was EB.
Total bed volume of the column was 150 mL, and the void volume
determined by using blue dextran was found to be 50 mL. A protein
concentration of 4 mg/mL was loaded onto the column, and elution
was carried out at a flow rate of 30 mL/h. Fractions (3 mL) were collect-
ed manually, and the concentration of the eluant was determined by
measuring the absorbance at 280 nm using a spectrophotometer
(Bausch and Lomb, Model 21-UVD, Austin, Tex., U.S.A.).

CCCCCalcium activalcium activalcium activalcium activalcium activated Aated Aated Aated Aated ATPTPTPTPTPase activityase activityase activityase activityase activity
Calcium-activated ATPase activity was determined according to

the method of Noguchi and Matsumoto (1970) and expressed as
microgram of inorganic phosphorus (Pi)/mg protein/min at 27 °C.
About 1 g of meat was macerated with 10 mL 50 mM glycine-NaOH
buffer, pH 9.2. The slurry was filtered through Whatman nr 1 filter
paper, and this filtrate was used as an enzyme solution. The reaction
mixture containing 0.06 mL of ATP solution (0.05 M), 0.4 mL CaCl2 (0.1
M), 2 mL buffer (0.05 M glycine-NaOH, pH 9.2) and 0.4 mL of meat
extract was made up to 4.0 mL with buffer and incubated at 27 °C for
5 min. The reaction was stopped by the addition of 2 mL of 15% TCA.
The blank was carried out by adding 15% TCA before the enzyme was
added. The mixture was filtered through Whatman nr 1 filter paper
and the inorganic phosphorus released was estimated according to
the procedure described by Tausky and Shorr (1952).

Emulsion capacityEmulsion capacityEmulsion capacityEmulsion capacityEmulsion capacity
The emulsion capacity of ribbonfish meat samples was deter-
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mined according to the method described by Swift and others
(1961). Meat sample (25 g) was homogenized with 100 mL of
chilled EB at 3000 rpm for 2 min. Protein content of the slurry was
determined by the Kjeldahl method. To 12.5 g of slurry taken in a
beaker, 37.5 mL of chilled EB and 50 mL of refined sunflower oil
(ITC, Mumbai, India) were added and mixed thoroughly at 9000
rpm for 10 s using Ultra turrax homogenizer. Homogenization was
continued at a high speed (23000 rpm) with the addition of oil at a
rate of 0.5 to 0.6 mL/s until phase inversion was observed visually.
Emulsion capacity was calculated after considering the initial vol-
ume of oil added and expressed as mL oil/mg protein.

Differential scanning calorimetryDifferential scanning calorimetryDifferential scanning calorimetryDifferential scanning calorimetryDifferential scanning calorimetry
The thermodynamic parameters of the ribbonfish meat, corn,

and tapioca starch were examined individually using a differential
scanning calorimetry (DSC) VII calorimeter (Setaram, Lyon, France).
Starches were mixed with water to get a 10% (w/v) solution and load-
ed to the sample container. Water was kept as reference for all the
samples. The heating rate used was 0.5 °C/min from 10 °C to 90 °C.
Heat absorbed or released by the sample results in either endother-
mic or exothermic peaks as a function of temperature. From the ther-
mograms parameters such as To (onset temperature), Tm (melting
temperature) for fish meat and individual starch were obtained.

Dynamic viscoelastic behaviorDynamic viscoelastic behaviorDynamic viscoelastic behaviorDynamic viscoelastic behaviorDynamic viscoelastic behavior
Dynamic viscoelastic behavior (DVB) of ribbonfish meat in the

temperature range of 30 °C to 90 °C was measured using a Carri
Med Controlled Stress Rheometer (CSR-500, Carri-Med, Surrey,
U.K.) under oscillatory mode, using a 4 cm parallel plate measuring
geometry. Fish meat devoid of connective tissue, fins, and scales
was macerated well using pestle and mortar. About 4 g of macerated
meat was mixed with 2.5% sodium chloride (w/w) and mixed thor-
oughly to get a fine ground paste. The fish paste obtained was used
for DVB measurement. Starches (9% w/w corn or tapioca) were add-
ed to the meat, to study the influence of polysaccharides in en-
hancing the gelation property of protein. The gap between mea-
suring geometry and peltier plate was adjusted to 2000 �m. The
gap was set manually at 80 °C using the micrometer. The applied
stress of 500 Pa was within the viscoelastic region. The linear vis-
coelastic region was determined by a torque sweep with a frequen-
cy of 1 Hz. Measurements were made by applying a small ampli-
tude oscillation (0.0005 rad) with a frequency of 1 Hz. A heating rate
of 1 °C/min was achieved through peltier plate of rheometer. Ap-
plied stress was compared with the resultant strain. The results of
such measurement were expressed as the storage modulus (G�)
and loss modulus (G�). The dynamic viscoelastic behavior of rib-
bonfish meat stored in ice for different periods was assessed with-
out and with corn and tapioca starch at periodic intervals. An aver-
age of 3 replicates was used for plotting the results.

The gels obtained after temperature sweep were subjected to

frequency sweep. Frequency sweep of the gel from ribbonfish meat
with and without starch (corn or tapioca starch) was carried out
using Control Stress Rheometer at 30 °C. Frequency was varied from
0.5 Hz to 5.5 Hz. Storage and loss modulus (G� and G�) was obtained
as a function of frequency. The frequency sweep was carried out for
the gels from ribbonfish meat with and without corn/tapioca starch
during different periods of ice storage, and the slope of the regres-
sion of ln G� and ln G� with change in frequency were obtained to
assess the viscoelastic nature of the sample.

The dynamic viscoelastic behavior of corn and tapioca starch was
assessed in a temperature range of 45 °C to 90 °C. A suspension of
10% (w/v) starch solution in water was used for the experiment. The
gap between Peltier plate and measuring geometry was set at 500
�m. The storage modulus (G�) values as a function of temperature
sweep was obtained to determine the temperature of gelatinization.

Statistical analysesStatistical analysesStatistical analysesStatistical analysesStatistical analyses
Data were analyzed to evaluate the correlation between the dif-

ferent parameters and ice storage period and significance of Karl
Pearson correlation coefficient was determined using student t test
at a significance level of 5%. Comparison of Dynamic Viscoelastic
Behavior of ribbonfish as a function of ice storage period and with
the addition of starches were carried out using 1-way analysis of
variance as described by Snedecor and Cochran (1962).

Results and Discussion

The proximate composition of fresh ribbonfish showed that the
fat content was less than 2%, indicating that they are lean fishes

(Table 1). Differential scanning calorimetry of ribbonfish meat and
of tapioca and cornstarch 10% (w/v) solution with water has been
carried out. The onset and peak endotherm temperatures are giv-
en in Table 2. The thermogram of ribbonfish meat showed 3 tran-
sitions. The peak temperature (Tm) of the transitions was 33.17 °C,
48.85 °C, and 60.96 °C. The 1st transition is due to the denaturation
of myosin, the 2nd transition is assigned to water-soluble sarcoplas-
mic proteins, and the 3rd transition is due to the denaturation of ac-
tin (Badii and Howell 2002). DSC thermogram of arrowtooth floun-
der showed that the onset of myosin denaturation at 25 °C with 2
maximum transition temperatures at 30 °C and 36 °C (Visessan-
guan and others 2000). The gelatinization peak temperatures for
tapioca and cornstarch were at 60.41 °C and 66.90 °C, respectively.
The gelatinization peak for cornstarch has been reported to be at
68.4 °C (Chung and others 2004). The gelatinization endotherm
observed in DSC profile is due to granular disruption brought about
by the co-operative combination of increasing solvent and thermal
plasticisation (Perry and Donald 2002). The gelatinization temper-
ature of tapioca and cornstarch as revealed by dynamic rheological
testing was found to be at 65.2 °C and 70.1 °C, respectively (Table
3). The gelatinization temperature from rheological study of the
starch were found to be slightly higher than that obtained in the
DSC endotherm.

The changes in VBN and TMA content of ribbonfish meat during

Table 1—Proximate composition, non-protein nitrogen
(NPN) content, and pH of fresh ribbonfish (Trichiurus spp.)a,b

Parameters Values

Moisture (g/100 g meat) 78.0 (1.4)
Fat (g/100 g meat) 1.18 (0.23)
Protein (N × 6.25) (g/100 g meat) 17.9 (0.19)
Ash (g/100 g meat) 3.08 (0.24)
NPN (mg/100 g meat) 672.2 (14)
pH 6.92
aValues in parentheses are standard deviation, n = 5.
bAll the values are on wet weight basis.

Table 2—Onset/peak temperature of ribbonfish meat, tapi-
oca, and cornstarch

Starches/fish Onset point (°C) Peak Tm (°C)

Tapioca starch 52.32 60.41
Cornstarch 62.60 66.90
Ribbonfish meat 29.84 33.17

44.09 48.85
54.94 60.96
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different periods of ice storage are given in Figure 1a and 1b. The val-
ues for VBN and TMA increased with storage and were within the limits
prescribed for fresh fish up to 10 d of storage. The normal limit pre-
scribed for VBN and TMA is 40 mg/100 g and 5 mg/100 g, respective-
ly (Connell 1995). The rapid increase in VBN and TMA content after 15
d of ice storage is likely to be influenced by psychrotropic or psychro-
tolerant bacteria and enzymatic activity (Sasajima 1975; Gokodulu and
others 1998). The increase in pH value (Figure 1c) by 0.5 units during
ice storage was likely to be induced by the increase in VBN content.

The non-protein nitrogen (NPN) content of fresh ribbonfish
(Figure 2a) accounted for 23% of total nitrogen. The contribution of

higher NPN content could arise from free amino acids, low-molec-
ular-weight peptides, urea, and trimethylamine oxide. The NPN
content in fish meat is due to trimethylamine oxide and other en-
ergy-rich compounds such as creatine phosphate (Ikeda 1979). The
NPN content decreased to 8.7% of total nitrogen at the end of 24 d
of ice storage. This decrease could be attributed to a leaching effect
as a result of continuous replenishment of ice during storage. How-
ever, an increase in NPN value between 10 and 15 d of ice storage
was recorded. This increase is likely to have occurred due to the
release of NPN constituents either due to breakdown of com-
pounds such as tri-methyl amine oxide (TMAO) or hydrolysis of
proteins by microbial enzymes.

The changes in protein solubility of ribbonfish meat in extrac-
tion buffer as a function of ice storage period is given in Figure 2b.
There was significant decrease (P < 0.05) in soluble protein from an
initial value to 72% to 32.65% of total protein during the 20 d of ice
storage. The reasons for reduction in solubility are mainly attribut-
ed to aggregation of myofibrillar proteins (Tsuchiya and others
1980; Reddy and Srikar 1991). The solubility in high ionic strength
buffer is taken as an index of denaturation of muscle proteins (Owa-
su and Hultin 1992; Lin and Park 1998). In the present study, the
decrease in solubility was gradual up to 20 d of ice storage and the
decrease was due to extensive denaturation of proteins.

The SDS-PAGE pattern of total proteins from ribbonfish revealed
higher concentrations of myosin heavy chain (205 kDa) and bands
in a molecular weight range of 45 to 14 kDa     were also present (Fig-
ure 3). There was no change in the concentration of myosin heavy
chain during 20 d of ice storage. The concentration of low-molecu-
lar-weight compounds (less than 36 kDa) increased, possibly due
to proteolysis. Increase in low-molecular-weight components in
SDS PAGE pattern as a function of ice storage of prawn (Macrobrach-
ium rosenbergii) have been reported (Kye and others 1988). The de-

Table 3—Dynamic rheological characteristics of corn and
tapioca starch in the temperature range of 45 ° to 80 °Ca

Cornstarch Tapioca starch
Temperature (°C) (G����� values in Pa)  (G����� values in Pa)

45.2 3.73 0.78
55.1 7.14 1.13
65.2 8.07 841.4
70.1 2340 775.4
75.0 2275 662.7
80.0 1903 481.3
aThe concentration of starch used was 10% (w/v) solution.

Figure 1—Changes in (a) volatile basic nitrogen (VBN), (b)
tri-methylamine (TMA), nitrogen and (c) pH of ribbonfish
stored in ice for different periods

Figure 2—(a) Changes in non-protein nitrogen (NPN) con-
tent of ribbonfish during different periods of ice storage;
(b) changes in protein solubility of ribbonfish during differ-
ent periods of ice storage
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crease in myosin heavy chain content of lizardfish and Pacific whit-
ing during ice storage has been reported (Benjakul and others
1997; Benjakul and others 2003). The likely cause for the increase
in low-molecular-weight components in the present study is due to
proteolytic enzymes present in the muscle system.

The apparent reduced viscosity of total protein from ribbonfish
at a concentration of 5 mg/mL as a function of ice storage is given in
Figure 4. A sharp increase in the viscosity during the 20th day of ice
storage indicated a change in protein conformation. Viscosity mea-
surement is considered to be a more reliable index of quality of pro-
teins from fish than either protein solubility or emulsifying capacity
(Colmenero and others 1988). When myofibrillar protein molecules
undergo denaturation resulting from association or dissociation,
the viscosity of the protein solution changes because of the de-
crease of particle axis ratio (Suzuki 1981). Changes in apparent vis-
cosity of muscle homogenate are generally related to changes in
conformation of actomyosin (Borderias and others 1985). Chalmers
and others (1992) reported that the changes in values of apparent
viscosity of cod stored in ice were not significant. Similarly, Yasui and
others (1987) found that changes in viscosity values in lizardfish
stored in ice for 15 d were minimal. In the present study, the appar-
ent reduced viscosity values showed a steep increase after 15 d of
ice storage, indicating that ribbonfish actomyosin during ice stor-
age is unstable compared with that of cod and lizardfish. The re-

sults of viscosity are in agreement with those of the solubility study
in which a decrease was significant during 20 d of ice storage.

Gel filtration profile of total proteins from fresh ribbonfish showed
3 peaks eluting at an elution volume of 59 mL, 117 mL, and 160 mL,
1 high-molecular-weight fraction and 2 low-molecular-weight frac-
tions (Figure 5). The high-molecular-weight fraction is actomyosin
complex. The concentration of low-molecular-weight components
increased at the end of 20 d of ice storage, whereas, the concentration
of high-molecular-weight components was almost constant during
the storage period. The increase in low-molecular-weight compo-
nents possibly would have resulted from proteolysis occurring in the
muscle system during ice storage. This was in conformity with the
SDS PAGE result in which an increase in low-molecular-weight com-
ponents less than 36 kDa was observed.

The ATPase enzyme activity of ribbonfish meat (Figure 6a) extract
in glycine-NaOH buffer showed a decreasing trend as a function of
ice storage period. The initial activity of 0.135 �g Pi /mg protein/min
was taken as 100% activity index. At the end of 20 d of ice storage, the
activity index reduced to less than 20%, indicating significant loss in
activity (P < 0.05). The loss of ATPase activity may be due to alteration
in the conformation of enzyme or due to aggregation of myosin mol-
ecule. A decrease in myofibrillar ATPase activity of sardine has been
reported as a direct function of pH (Kamal and others 1991). ATPase

Figure 3—Sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) pattern of total proteins from
ribbonfish as a function of ice storage period S = standard
markers; ribbonfish stored in ice for A = fresh, B = 5 d, C
= 10 d, D = 15 d, E = 20 d.

Figure 4—Apparent reduced viscosity at a protein concen-
tration of 5 mg/mL as a function of ice storage period

Figure 5—Gel filtration profile of total proteins from rib-
bonfish as a function of ice storage period
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activity began to decrease when pH declined to 6.4. The loss in cal-
cium activated ATPase was possibly associated with the proteolysis
of myosin (Quali and Valin 1981) and indirectly reveals changes in
the myosin-actomyosin system. Calcium-activated ATPase has been
used as an indicator of myosin integrity (Benjakul and others 1997).
In the present study, loss in solubility, increase in reduced viscosity,
and reduced Ca++ATPase enzyme activity indicated aggregation/
denaturation of the muscle proteins.

Emulsion capacity of ribbonfish meat during different periods of ice
storage is given in Figure 6b. The initial value of 0.36 mL oil/mg protein
reduced to 0.26 mL oil/mg protein at the end of 15 d of ice storage and
increased to 0.29 mL oil/mg protein. The reduction in emulsion capac-
ity was found to be significant (P < 0.05) both at 15 and 20 d of ice stor-
age. A significant reduction in emulsion capacity of shark meat during
ice storage has been reported (Sijo Mathew and Shamasundar 2002).
This reduction in emulsion capacity is likely to be associated with loss
of solubility during ice storage. The ability of protein molecules to
emulsify a given volume of oil mainly depends on the surface hydro-
phobic group, which orient toward the oil phase and hydrophilic
groups, which can orient readily in the aqueous phase, thus lowering
the interfacial free energy (Kato and Nakai 1980).

The DVB of fresh ribbonfish indicated moderate gel-forming abil-
ity as revealed by storage modulus (G�) values (Figure 7a). The max-
imum G� value of 175 kPa was attained at 90 °C. The loss modulus
(G�) value also increased during heating; however, the magnitude
was less than that of G� values. This is an indication of the formation
of a viscoelastic gel network. The maximum rate of increase in G�

values was found to be in the temperature range of 56.8 ° to 63.3 °C.
The higher rate of increase in G� indicates that proteins underwent
ordered aggregation and formation of a 3-dimensional network with
entrapment of water in the matrix. The forces responsible for gelation
have been found to be hydrophobic interactions, disulphide cross
bridges, and hydrogen bonds (Hamann 1992). The gelation of mus-

cle proteins results from the transformation of an amorphous viscous
solution to a 3-dimensional elastic network.

The dynamic rheological test or small strain or gel rigidity test has
been used widely to study the heat-induced gelation of myofibril-
lar proteins (Hamann 1987; Visessanguan and others 2000). Chang-
es in storage modulus (G�) have been used to monitor gelation of
proteins including structural proteins (Venugopal and others 2002).
Because G� is a measure of the energy recovered per cycle of sinu-
soidal shear deformation, its increase indicates rigidity of the sam-
ple associated with formation of elastic gel structure. The loss mod-
ulus is a measure of the energy dissipated or lost as heat per cycle
of sinusoidal strain when different systems are compared at the
same strain amplitude. The loss factor (G�) indicates extent of vis-
cous element in the sample. In the present study, the G� values
were less compared with G� values, indicating the viscoelastic na-
ture of the gel. The gelation process was also monitored by measur-
ing changes in stress-strain phase angle during oscillatory test and
indicates the temperature at which transition from sol-gel took
place. The tan � values were obtained by taking a ratio of G�/G�

during isothermal heating. This transition for fresh ribbonfish
meat occurred at 36.7 °, 63.3 °, and 70 °C (Figure 8a).

The DVB profile of fresh ribbonfish meat with added cornstarch
at 9% level (w/w) revealed considerable enhancement of gel-form-
ing ability. The maximum G� value (353.9 kPa) was recorded at 90 °C
(Figure 7b). Similarly, tapioca starch at 9% (w/w) increased the G�

values by 2.3 times compared with DVB profile of meat alone (Figure

Figure 6—(a) Calcium ATPase activity during ice storage
of ribbonfish; (b) emulsion capacity of protein from ribbon-
fish during different period of ice storage.

Figure 7—Effect of starch (corn/tapioca) at 9% w/w level
on the dynamic viscoelastic behavior (DVB) profile of rib-
bonfish meat as a function of ice storage days. Day 0: (a)
meat alone; (b) meat + cornstarch; (c) meat + tapioca
starch. Day 5: (d) meat alone; (e) meat + cornstarch; (f)
meat + tapioca starch. Day 10: (g) meat alone; (h) meat +
cornstarch; (i) meat + tapioca starch. Day 20: (j) meat
alone; (k) meat + cornstarch; (l) meat + tapioca starch.
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7c). The sol-gel transition temperature for the cornstarch-ribbon-
fish mixture and tapioca starch-ribbonfish mixture was at 36.7 °C
and 83.4 °C, and 36.7 °C and 69.9 °C, respectively (Figure 8b and 8c).
During heating of fish mince/surimi-starch systems, significant
rheological changes due to sol-gel transformation of fish proteins
and gelatinization of starch are observed (Wu and others 1985). In
the present investigation, 3 transitions for fish meat and 2 transi-
tions for fish mince-starch mixture system were observed during
heating. The 1st transition (36.7 °C) in all 3 samples is due to myo-
sin molecule. The 2nd transition in the fish-starch mixture is due to
gelatinization of starch molecule. Gelatinization of starch upon
heating does not occur instantaneously at a specific temperature
and depends on botanical source and availability of water. The
gelatinization temperature for corn and tapioca starch at 6% level
in water has been found to be 67 °C and 65 °C, respectively (Park
2000). Starch gelatinization temperature will be shifted to higher
temperature when mixed with fish paste that included salt (Beli-
bagli and others 2003). Two possible mechanisms have been pro-
posed by Lee and Kim (1986) for how swelling of starch makes suri-
mi gels more cohesive and firmer: (1) an increased density of
protein matrix resulting from the transfer of moisture from the
matrix to the swelling starch granules, and (2), formation of large
number of elastic starch globule through gelatinization. The ratio
of amylose and amylopectin will have a bearing on gelatinization of
starch granule. Konoo and Ogawa (1998) evaluated the effects of
the amylose/amylopectin ratio and degree of pregelatinization of
starch on Alaska Pollock surimi gels and pointed out that for native
starch, the amylose/amylopectin ratio did not significantly affect
breaking strength (force). The amylose content of native cornstarch

and tapioca starch used in the present study was 26% and 17%,
respectively (Park 2000), and the DVB profile of fish meat-starch
mixture revealed that both corn and tapioca could increase G� val-
ues significantly, and between 2 starches there was no significant
(P < 0.05) difference in gel-enhancement ability. The 1st transition
in the thermogram of ribbonfish is well correlated with the transi-
tion from DVB measurement as per the tan � values. The transitions
were irreversible. Hence, it is evident that the transitions at temper-
atures above 70 °C in the DVB measurements are due to the com-
bined effect of denaturation of different myofibrillar protein frac-
tion as well as the gelatinization of starches.

The viscoelastic nature of the gel obtained from the ribbonfish meat
and in presence of corn or tapioca starch was assessed by frequency
sweep at 30 °C. The frequency sweep of the sol (fish meat + 2.5% NaCl)
with and without starch has also been assessed. The results are given
in Figure 9. The slope of the regression of G� and G� as a function of
frequency is taken as index of viscoelastic nature of the material. The
increase in storage modulus coupled with low phase angle with in-
crease in frequency is indicative of weak gel network (Hudson and
others 2000). The frequency sweep of acetic acid–induced shark meat
gel indicated a steep increase in G� values, with an increase in frequency
indicating weak gel structure, further confirmed by a large strain test
(Venugopal and others 2002). In the present study, the slope of the G�

value of the gel obtained from ribbonfish meat and ribbonfish meat
+ corn/tapioca starch revealed significant changes (P < 0.05) in the
value (Table 4). Among the 3 samples, the slope of the G� value of the
gel obtained from cornstarch with fish meat mixture was minimum. It
is evident from the frequency sweep that the viscoelastic nature of
the ribbonfish meat could be modified significantly (P < 0.05) by the
addition of cornstarch.

The DVB profile of ribbonfish meat as a function of the ice stor-
age period is given in Figure 7d through l. The DVB was assessed
without and with corn and tapioca starch. The profile of ribbonfish
meat alone during different periods of ice storage is given in Figure
7d, g, and j. The storage modulus increased with the storage peri-
od and at the end of 25th day, the maximum G� value obtained was
358.8 kPa at a temperature of 70 °C. Although an increase in the
elastic modulus on heating is often considered a useful function-
al property of proteins (in gelled products), an increase in the elas-
tic modulus of raw materials such as fish fillets is related to protein-
protein and protein-lipid interactions leading to aggregation into
undesirable, tough products (Badii and Howell 2002). The gel-
forming ability of whole lizardfish (Saurida tumbil) as measured by
large strain test decreased with the increase in the ice storage pe-
riod because of denaturation of myosin (Benjakul and others 2003).
In the present study, the physicochemical properties of proteins as
revealed by solubility behavior in high ionic strength buffer (ex-
traction buffer), gel filtration profile, Ca++ ATPase enzyme activity,
reduced viscosity profile, and emulsion capacity pattern from rib-
bonfish revealed that there is an aggregation process after 10 d of
ice storage. One of the possible reasons that can be ascribed for the
increase in G� values is aggregation/ denaturation of proteins dur-
ing ice storage. The viscoelastic nature of the gels prepared from
the ribbonfish meat, ribbonfish-cornstarch mixture, and ribbon-
fish-tapioca starch mixture during different periods of ice storage
was assessed with frequency sweep test. The slope of regression of
G� values of gels obtained during different periods of ice storage is
given in Table 4. There was a significant difference between sam-
ples as well as ice storage period (P < 0.05). However, this needs
further validation using large strain test.

The temperature at which sol-gel transition occurred in ribbon-
fish meat-starch mixture as a function of ice storage period is given
in Figure 8. In all the samples, the 1st transition occurred between

Figure 8—Tan � values of ribbonfish meat with and without
starch (corn/tapioca) at 9% w/w level as a function of ice
storage days; Day 0: (a) meat alone; (b) meat + cornstarch;
(c) meat + tapioca starch. Day 5: (d) meat alone; (e) meat +
cornstarch; (f) meat + tapioca starch. Day 10: (g) meat alone;
(h) meat + cornstarch; (i) meat + tapioca starch. Day 20: (j)
meat alone; (k) meat + cornstarch; (l) meat + tapioca starch.
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36.7 °C and 43.3 °C that is due to the myosin molecule, and the 2nd
and 3rd transitions varied between 63 °C and 83 °C, indicating
both were due to gelatinization of starch and further denaturation
of myosin and actin molecules. The transition temperature occur-
ring beyond 70 °C is due to gelatinization of starch. The DSC pro-
file of 10% (w/v) cornstarch indicated gelatinization peak temper-
ature of 66.90 °C, whereas that of tapioca starch was 60.41 °C. In a
fish-starch mixture, the gelatinization of starch will be shifted to the
higher side because of less available moisture, and there will be
variation in transition temperature from sample to sample. Howev-
er, the G� values of the fish-starch mixture were consistently higher
than the fish meat alone at any period of ice storage.

Conclusions

The effect of ice storage on the physicochemical and viscoelas-
tic properties of ribbonfish (Trichiurus spp) meat has been eval-

uated. There was a significant (P < 0.05) reduction in protein solubili-
ty, emulsion capacity values, and Ca++ ATPase enzyme activity and
an increase in reduced viscosity values during 15 d of ice storage in-
dicating an aggregation/denaturation process. The VBN content
reached an approximate value of 40 mg N/100 g meat at the end of
10 d of ice storage, which is normally taken as the limit of chemical
spoilage. Ribbonfish had moderate gel-forming ability, which was
enhanced by the addition of either 9% corn or tapioca starch. The
dynamic viscoelastic behavior of ice stored ribbonfish meat indicat-
ed that higher G� values were possibly due to the aggregation/de-
naturation process induced during storage. The viscoelastic property

of ribbonfish meat and fish meat-starch mixture altered significantly
(P < 0.05) during ice storage period. The cornstarch had better ability
to enhance the viscoelastic property of ribbonfish meat.

Acknowledgments
The authors gratefully acknowledge the funding received from
European Commission, Brussels, under contract nr ICA4-CT-2001-
10032 for carrying out this work.

References
Ashgar A, Samejima K, Yasui T. 1985. Functionality of muscle protein in gelation

mechanism of structured meat products. CRC Crit Rev Food Sci Nutr 22:27.
Badii F, Howell NK. 2002. Effect of antioxidants, citrate, and cryoprotectants on

protein denaturation and texture of frozen cod (Gadus morhua). J Agric Food
Chem 50:2053–61.

Beatty SA, Gibbons NE. 1937. The measurement of spoilage in fish. Journal Bi-
ological Board of Canada 3:77–91.

Belibagli KB, Speers RA, Paulson AT. 2003. Thermophysical properties of silver
hake and mackerel surimi at cooking temperatures. J Food Eng 60:439–48.

Benjakul S, Seymour TS, Morrissey MT, An H. 1997. Physicochemical changes in
Pacific whiting muscle proteins during iced storage. J Food Sci 62:729–33.

Benjakul S, Visessanguan W, Tueksuban J. 2003. Changes in physico-chemical
properties and gel-forming ability of lizardfish (Saurida tumbil) during post-
mortem storage in ice. Food Chem 80:535–44.

Borderias AJ, Colmenero JF, Tejada M. 1985. Viscosity and emulsifying ability of
fish and chicken muscle protein. J Food Technol 20:31–42.

Chalmers M, Careche M, Mackie IM. 1992. Properties of actomyosin isolated
from cod (Gadus morhua) after various periods of storage in ice. J Sci Food
Agric 58:375–83.

Chung HJ, Woo KS, Lim ST. 2004. Glass transition and enthalpy relaxation of
cross-linked cornstarches. Carbohydr Polym 55:9–15.

[CMFRI] Central Marine Fisheries Research Inst. 2003. Central Marine Fisher-
ies Research Inst. annual report (2001–02). Cochin, India: CMFRI.

Colmenero JF, Tejada M, Borderias AJ. 1988. Effect of seasonal variations in protein
functional properties of fish during frozen storage. J Food Biochem 12:159–70.

Connell JJ. 1995. Control of fish quality. London: Fishing News Books. p 152–7.
Conniff P, editor. 1995. Official methods of analysis. Va.: Assn. of Official and

Analytical Chemists Intl. 16:39-I.
Gokodulu N, Ozden O, Erkan N. 1998. Physical chemical and sensory analyses of

freshly harvested sardines (Sardina pilchardus) stored at 4 °C. J Aquat Food
Prod Technol 7:5–15.

Haard NE, Warren JE. 1990. Influence of holding fillets from undersize Atlantic
cod (Gadus morhua) at 0°C or –3 °C on the yield and quality of surimi. In:
Martin RE, Collette RL, editors. Engineered seafoods including surimi. Park
Ridge, N.J.: Noyes Data Corp. p 89–111.

Hamann DD. 1987. Methods for measuring rheological changes during thermal-
ly induced gelation of proteins. Food Technol 41(3):100–8.

Hamann DD. 1992. Rheological studies of fish proteins. In: Intl. conference and
industrial exhibition on food hydrocolloids; Tsukuba, Japan; 1992 Nov. 16–20.
Tokyo, Japan: Japanese Society of Food Hydrocolloids. p 4–49.

Hamann DD, MacDonald GA. 1992. Rheology and texture properties of surimi
and surimi based foods. In: Lanier TC, Lee CM, editors. Surimi technology. New
York: Marcel Dekker.

Hudson HM, Daubert CR, Foegeding EA. 2000. Rheological and physical proper-
ties of derivitized whey protein isolate powders. J Agric Food Chem 48:3112–9.

Ikeda S. 1979. Other organic components and inorganic components. In: Con-
nell JJ, Staff of Torry Research Station, Farnham, editors. Advances in fish
science and technology. London: Fishing News Books. p 111–2.

Kamal M, Watabe S, Hashimoto K. 1991. Post mortem changes in myofibrallar
ATPase activity of sardine ordinary and dark muscles. Nippon Suisan Gakkai-
shi 57:1177–84.

Kato A, Nakai S. 1980. Hydrophobicity determined by fluorescence probe meth-
od and its correlation with surface properties of protein. Biochem Biophys
Acta 624:13–20.

Konoo S, Ogawa NI. 1998. Effects of amylose and amylopectin on the breaking

Figure 9—Frequency sweep of fresh ribbonfish meat ‘sol’
and ‘gel’ with and without starch; (a) ribbonfish meat alone,
(b) ribbonfish meat + 9% cornstarch; (c) ribbonfish meat +
9% tapioca starch.

Table 4—Slope of regression of G� values of the gels pre-
pared from ribbonfish meat with and without corn/tapioca
starch during different periods of ice storagea,b

Ice Ribbonfish Ribbonfish Ribbonfish
storage meat meat+9% meat+9%
days  alone1 cornstarch2 tapioca starch3

0 0.036a 0.009a 0.097a

10 0.052b 0.011b 0.130b

20 0.049c 0.018c 0.091c

aThe G� values obtained were as a function of frequency sweep. From the plot
of ln G� and ln frequency, the slope of regression of G� values was calculated.
bLetters after values denote significant difference (P < 0.05) between storage
period.
Superscripts 1, 2, and 3 denotes significant difference (P < 0.05) between
samples.

http://www.ift.org


Vol. 70, Nr. 9, 2005—JOURNAL OF FOOD SCIENCE E545URLs and E-mail addresses are active links at www.ift.org

E: 
Fo

od
 En

gin
ee

rin
g &

 Ph
ys

ica
l P

ro
pe

rti
es

Gel forming ability of ribbonfish meat . . .

strength of fish meat gel. Nippon Suisan Gakkaishi 64(1):69–75.
Konstance RP, Holsinger VH, Thompson MP. 1995. Instrumental texture param-

eters and solution characteristics of mixed casein gel. J Dairy Sci 78:784–93.
Kye HW, Nip WK, May JH. 1988. Changes of myofibrallar proteins and texture in

fresh water prawn, Macrobrachium rosenbergii during ice storage. Mar Fish
Rev 50:53–5.

Laemmli UK. 1970. Cleavage of structural proteins during the assembly of the
head of bacteriophage T4. Nature 227:680–5.

Lee CM, Kim JM. 1986. The relationship of composite characteristics to rheolog-
ical properties of surimi sol and gel. In: Le Maguer M, Jelen P, editors. Transport
phenomena. Vol. I. Food engineering and process applications. New York: El-
sevier Applied Science Publishers. p 63–79.

Lee CM, Kim JM. 1985. Texture and freeze thaw stability of surimi gel in relation
to ingredients and formation. In: Proceedings of the International Sympo-
sium on Engineered Seafood including Surimi. Washington, D.C.: Natl. Fisher-
ies Inst. p 168.

Lee CM, Wu MC, Okada M. 1992. Ingredient and formulation technology for suri-
mi based products. In: Lanier TC, Lee, CM editors. Surimi technology. New York:
Marcel Dekker. p 273–302.

Lin TM, Park JW. 1998. Solubility of salmon myosin as affected by conformation-
al changes at various ionic strengths and pH. J Food Sci 63:215–8.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. 1951. Protein measurement with
folin phenol reagent. J Biol Chem 193:256–75.

Ma L, Grove A, Barbosa-Canovas GV. 1996. Viscoelastic characterization of suri-
mi gel: effects of setting and starch. J Food Sci 61:881–3, 889.

Matsumiya M, Mochizuki A, Otake S. 1985. Changes in the Kamaboko forming
ability and in the characteristics of the actomyosin of dark and white muscle
fish being accompanied with the freshness decline. Bull Coll Agric Vet Med
Nihon Univ 42:216–21.

Niki H, Doi T, Igarashi S. 1984. Seasonal variation of qualities of active fish
protein powder and raw fish meat. Bull Jpn Soc Sci Fish 50:1909–16.

Niwa E. 1992. Chemistry of surimi gelation. In: Lanier TC, Lee CM, editors. Suri-
mi technology. New York: Marcel Dekker. p 389–427.

Noguchi S, Matsumoto JJ. 1970. Studies on the control of the denaturation of the
fish muscle proteins during the frozen storage. 1. Preventive effect of Na-
glutamate. Bull Jpn Soc Sci Fish 36:1078–87.

Oakenfull D, Pearce J, Burley RW. 1997. Protein gelation. In: Damodaran S, Paraf A,
editors. Food proteins and their applications. New York: Marcel Dekker. p 111–42.

Owasu AJJ, Hultin HO. 1992. Differential insolubilization of red hake muscle
proteins during frozen storage. J Food Sci 57:265–66.

Pacheco-Aguilar R, Lugo-Sanchez ME, Robles-Burgueno MR. 2000. Postmortem
biochemical and functional characteristic of Monterey sardine muscle stored
at 0°C. J Food Sci 65: 40–7.

Park JW. 2000. Ingredient technology and formulation development In: Park JW,
editor. Surimi and surimi seafood. New York: Marcel Dekker. p 343–91.

Park JW, Korhonen RW, Lanier TC. 1990. Effects of rigor mortis on gel forming

properties of surimi and unwashed mince prepared from tilapia. J Food Sci
55:335–55, 360.

Perry PA, Donald AM. 2002. The effect of sugars on the gelatinization of starch.
Carbohydr Polym 49:155–65.

Quali A, Valin C. 1981. Effect of muscle lysosomal enzymes and calcium activated
neutral proteinase on myofibriallar ATPase activity: relationship with aging
changes. Meat Science 5:233–45.

Reddy GVS, Srikar LN. 1991. Preprocessing ice storage effects on functional
properties of fish mince protein. J Food Sci 56:965–8.

Sasajima M. 1975. Studies on psychrotolerant bacteria in fish and shellfish. V.
The growth or viability of trimethylamine oxide-reducing psychrotropic bac-
teria and their activity at subzero temperature. Bull Jpn Soc Sci Fish 40:630–5.

Sijo M, Shamasundar BA. 2002. Effect of ice storage on the functional properties of
proteins from shark (Scoliodon laticaudus) meat. Nahrung/Food 46(2):220–6.

Snedecor GW, Cochran WG. 1962. Statistical methods. Oxford, Calcutta: IBH Pub-
lishing. p 380.

Stone DW, Stanley AP. 1992. Gelation of fish muscle proteins. Food Res Int 25:381–
8.

Suzuki T. 1981. Fish and krill protein: processing technology. London, U.K.: Ap-
plied Science Publication. 260 p.

Swift CE, Lockett C, Fryar AS. 1961. Comminuted meat emulsions: The capacity
of meats for emulsifying fat. Food Technol 15: 468.

Tausky HH, Shorr E. 1952. A microcolorimetric method for the determination of
inorganic phosphorus. J Biol Chem 202:675–85.

Tsuchiya Y, Tsuchiya T, Matsumoto JJ. 1980. The nature of the cross-bridge consti-
tuting aggregates of frozen stored carp myosin and actomyosin. In: Connell JJ,
editor. Advances in fish sciences and technology. London: Fishing News Books.
p 434–8.

Velankar NL, Govindan TK. 1958. A preliminary study of the distribution of non-
protein nitrogen in some marine fishes and invertebrates. Proc Indian Acad
Sci 47:202–9.

Venugopal V, Kakatkar A, Bongirwar DR, Karthikeyan M, Mathew S, Shamasundar
BA. 2002. Gelation of shark meat under mild acidic conditions: physicochem-
ical and rheological characterization of the gel. J Food Sci 67:2681–6.

Visessanguan S, Ogawa M, Nakai S, An H. 2000. Physiological changes and mech-
anism of heat induced gelation of arrowtooth flounder. J Agri Food Chem
48:1016–23.

Wu MC, Hamann DD, Lanier TC. 1985. Rheological and calorimetric investiga-
tions of starch-fish protein systems during thermal processing. J Tex Stud 16:53-
74

Yang JT. 1961. The viscosity of macromolecules in relation to molecular confor-
mation. Adv Prot Chem 16:323–400.

Yasui A, Fujiwara T, Lim PY, Ng MC. 1987. Changes in properties of lizardfish meat
as materials for fish jelly products during storage. Nippon Shokuhin Kogyo
Gakkaishi 34:109–14.

http://www.ift.org

