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Abstract

Chemical and biochemical changes of aquacultured hybrid catfish fillet (Clarias macrocephalus · Clarias gariepinus) and its gel-
forming ability as affected by age and sex of fish along with storage time were investigated. Fillets were stored at 4 �C for 0, 3, 6, 9,
12 and 15 days. There was no significant effect of sex and age of fish as well as storage time on fat, moisture and ash contents
(P > 0.05). The total protein, water soluble protein, and salt soluble protein contents of the fillets significantly decreased with storage
time (P < 0.05). On the other hand, pH, total volatile base nitrogen (TVB-N) and autolytic degradation products (ADP) increased as
storage time continued (P < 0.05). Decreases in Ca2+-ATPase activity and gel properties were observed as storage time increased.
However, there was no significant effect of either sex or age of fish on textural properties of gel (P > 0.05). Hybrid catfish fillet stored
at 4 �C should be processed within 6 days.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Hybrid catfish (Clarias macrocephalus · Clarias gariepi-

nus) farming has been developed and cultured more than
other catfish species in Thailand because of its better taste
and faster growth (Chinabut, 2002; Somsiri, Tompson,
Dumrongphol, & Panbanpeaw, 1999). The annual produc-
tion of cultured catfish in Thailand is estimated to be 95600
tonnes with a value of 72.4 million US$ in 2000 (Depart-
ment of Fisheries, 2004). Majority of cultured catfish is
sold in raw and some are exported in chilled and frozen fil-
lets, being around 184 tonnes in 2004 (The Customs
Department, 2005). Therefore, studies on chemical and
biochemical changes of hybrid catfish fillet and textural
properties of its gel during cold storage are necessary.
The results could be possibly used for appropriate post-
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harvest hybrid catfish fillets cold storage management for
human consumption and the possibility of utilizing hybrid
catfish mince and surimi for value-added products such as
fish ball, fish sausage, fish hams, fish burgers, extruded
products and imitation seafood products such as crab legs,
shrimp, scallop and lobster tail, among others.

Chilling is a means to preserve fish before processing or
consumption. The growth of bacteria and changes of enzy-
matic as well as chemical reactions are factors affecting fish
and fishery product qualities, which are greatly influenced
by storage temperature. When fish is stored at low temper-
ature, both enzymatic and chemical reactions are slowed
down. The biochemical and physicochemical properties
of fish and textural properties of its gel changes during cold
storage have previously been reported (Benjakul, Seymour,
Morrissey, & An, 1997; El Marrakchi, Bennour, Bouchriti,
Hamama, & Tagafatit, 1990; Pacheco-Aguilar, Lugo-
Sanchez, & Robles-Burgueno, 2000; Yongsawatdigul &
Park, 2002). The objective of this study was to investigate
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the chemical and biochemical changes of hybrid catfish fil-
let and textural properties of its mince gel as affected by age
and sex of the fish and storage time at 4 �C.

2. Materials and methods

2.1. Chemicals

Adenosine 5 0-triphosphate, b-mercaptoethanol, N,N,
N 0,N 0-tetramethylethylenediamine, acrylamide and N,N 0-
methylene-bis-acrylamide were purchased from Fluka
Company (Buchs, Switzerland). Bovine serum albumin
and Fiske and Subbarow reducer were purchased from
Sigma Chemical Company (St. Louis, Mo, USA). Trichlo-
roacetic acid (TCA) was purchased from Carlo erba Reac-
tifs (Rodano, Italy). Sodium dodecyl sulphate (SDS) was
purchased from Ajex Finechem (NSW, Australia). Other
chemicals were analytical grade and purchased from Fluka
Company (Buchs, Switzerland) and Carlo erba Reactif
(Rodano, Italy).

2.2. Samples preparation and cold storage study

Hybrid catfish (Clarias macrocephalus · Clarias gariepi-

nus) were obtained from an aquatic farm in Kalasin prov-
ince, Thailand. Fish weighed about 150–175, 180–215 and
230–255 g when 6, 8 and 10 months old, respectively. Fish
were transported to a fish processing plant (Kalasin sau-
sage Co., Ltd.) within 20 min and kept alive for 12 h before
being processed. Fish were filleted, deskinned and eviscer-
ated by experienced workers. Samples were packed in poly-
ethylene bags, placed in plastic boxes and filled with
crushed ice, and immediately transported to the Khon
Kaen University Food Processing Laboratory within 2 h.
The fillets were repacked in polyethylene bag of 1.5 kg
each. Fish fillets were kept at 4 �C for 0, 3, 6, 9, 12 and
15 days for analyses.

2.3. Proximate analysis

Crude protein, fat, ash, and moisture contents of fillets
were determined by AOAC (1999). The pH value of sample
was determined according to the method of Yongsawatdi-
gul and Park (2002).

2.4. Determination of water soluble protein (WSP) and
salt soluble protein (SSP)

WSP and SSP were determined by the method of Dyer,
French, and Snow (1950) with a slight modification. The
sample for WSP analysis was prepared by homogeniza-
tion of fish mince (5 g) and 95 ml of distilled water for
3 min at high speed using a laboratory blender (Waring
Commercial, New Hartford, CT, USA). The sample for
SSP was prepared by homogenizing fish mince (5 g) with
95 ml of 5% NaCl (sodium chloride solution buffered with
0.02 M NaHCO3, pH 7.2) for 3 min at high speed using a
laboratory blender. WSP and SSP were extracted by stir-
ring in an ice bath for 2 h and then centrifuged at
8000 · g for 15 min at 4 �C (Beckman Instruments, Inc.,
Palo Alto, CA, USA). Protein content of supernatant
was assayed using biuret method (Gornall, Bardawill, &
David, 1949).

2.5. Determination of total volatile basic nitrogen (TVB-N)

TVB-N was determined by the method of Suvanich,
Jahncke, and Marshall (2000) with a slight modification.
Fish mince (10 g) was homogenized in 30 ml of 7.5%
TCA solution for 2 min. The mixtures were filtered through
a Buchner funnel using Whatman No. 1 filter paper (What-
man Int. Ltd., Mildstone, England). The filtrate (25 ml)
was transferred to a distillation apparatus (Kjeltech Sys-
tem, Hoganas, Sweden) and 10 ml of 20% NaOH were
added to it. Distillation was continued until a final volume
of 50 ml was obtained in a 150 ml conical flask containing
25 ml of 2% boric acid with methyl red-bromocresol green
indicator. The distillate was titrated with 0.1 N sulphuric
acid solution. The concentration of total volatile bases
nitrogen was expressed as mg nitrogen/100 g sample as
described by Hasegawa (1987).

2.6. Determination of autolytic degradation products (ADP)

ADP was determined as described by Benjakul et al.
(1997). Fish muscle (3 g) was homogenized in 27 ml of
5% (w/v) TCA. The homogenate was kept on ice for 1 h
and centrifuged at 5000 · g for 5 min. Tyrosine in the
supernatant was measured as an index of autolytic degra-
dation and expressed as lmol tyrosine/g muscle using
Lowry method (Lowry, Rosebrough, Fan, & Randall,
1951).

3. Determination of Ca2+-ATPase activity

3.1. Actomyosin preparation

Actomyosin was prepared according to the method
described by Benjakul et al. (1997). Sample (8 g) was
homogenized in 80 ml chilled (4 �C) 0.6 M KCl, pH 7.0
for 4 min. The extract was centrifuged at 9000 · g for
30 min at 0 �C. Three volumes of chilled deionized water
were added to precipitate actomyosin. Actomyosin was
collected by centrifugation at 9000 · g for 20 min at 0 �C
and the pellet was dissolved in an equal volume of chilled
1.2 M KCl, pH 7.0 in iced bath and stirred for 30 min.
Undissolved material was removed by centrifugation at
9000 · g for 20 min at 0 �C.

3.2. Actomyosin Ca2+-ATPase activity

ATPase activity was determined using the modified
method described by Benjakul et al. (1997). The prepared
actomyosin was diluted to 2.5–4 mg/ml with 0.6 M KCl,
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pH 7.0 and 1 ml of the diluted solution was added to 0.6 ml
of 0.5 M Tris-maleate, pH 7.0. To the mixture, 10 mM
CaCl2 was then added to a total volume of 9.5 ml. To the
assay solution, 0.5 ml of 20 mM ATP was added to initiate
the reaction. The reaction was conducted for exactly 8 min
at 25 �C and stopped by adding 5 ml of chilled 15% (w/v)
TCA. The reaction mixture was then centrifuged at
3500 · g for 5 min, and the inorganic phosphate liberated
in the supernatant was measured using a spectrophotome-
ter (Perkin–Elmer Inc., Uberlingen, Germany) according
to the method of Fiske and Subbarow (1925). Specific
activity was expressed as lmoles inorganic phosphate (Pi)
released/mg protein/min.

3.3. SDS–polyacrylamide gel electrophoresis (SDS–PAGE)

SDS–polyacrylamide gel electrophoresis was carried out
according to the method of Laemmli (1970) with slight
modifications as described by Yongsawatdigul and Park
(2002). Sample (3 g) was homogenized with 5% (w/v)
SDS in a final volume of 30 ml. The homogenate was incu-
bated at 85 �C for 1 h to dissolve total proteins and centri-
fuged at 5000 · g for 10 min. The supernatant was used for
SDS–PAGE analysis, using 4% stacking gel and 10% sepa-
rating gel with applied protein of 25 lg. Electrophoresis
was performed at a constant voltage of 75 V using electro-
phoresis apparatus (Pharmacia LKB Biotechnology, Upp-
sala, Sweden). Proteins were stained in 0.125% Coomassie
brilliant blue R-250 and destained in 25% ethanol and 10%
acetic acid. A high molecular weight standard was used
(BioLabs Inc., New England, USA).

3.4. Minced fish gel preparation

Fish flesh was chilled at 0 �C for 2 h. Fish flesh (500 g)
was chopped using a blender (Matsushita Electric Indus-
trial Co., Ltd., Selangor Darul Ehsan, Malaysia) for
15 min with 5 stops for 0.5 min to scrape the bowl. Sodium
chloride and ice were added to obtain a sol with a compo-
sition of 2% salt and 80% moisture content. During chop-
ping, the temperature of sol was maintained below 15 �C.
The sol was vacuum-packed (Supervac; Busch, West Ger-
many) in a plastic bag and stuffed into 2.3 cm. diameter
stainless steel tube using a stuffer (Dick; D73728, Esslingen,
Germany), then submerged in a 90 �C water bath (Thermo
Haake, Karlsruhe, Germany) for 30 min. After cooking the
gels were immediately chilled in ice water for 20 min and
kept at 4 �C overnight before texture measurement.

3.5. Texture analysis

Puncture test was carried out using Texture Analyzer
(Stable Micro System, Surrey, UK) with 6 mm cylindrical
probe (P/6) using 5 kg load cell, at a test speed of
1.0 mm/s. Five samples were cut into 2.3 cm long. Punc-
ture force (g) and puncture deformation (mm) were
recorded.
3.6. Experimental design

A split–split–plot design was used to collect all data.
There were 3 factors consisting of age of fish (6, 8 and 10
months; (A), storage time at 4 �C (0, 3, 6, 9, 12 and 15 d;
(B), and sex of fish (male and female; (C). Main plot was
factor A, the first split–plot was factor B and the split–
split–plot was factor C. There was one split–split–plot ran-
domization restriction since factors A and B were necessary
to run on the different time. The order in the sub-subplot
was randomized as completely randomized design (CRD)
with three replications. Independent variables included
proximate compositions, water soluble protein, salt soluble
protein, total volatile basic nitrogen, autolytic degradation
products, Ca2+-ATPase activity of fillet and textural prop-
erties of gel.

3.7. Statistical analysis

General linear model and correlation analysis for sex,
age and storage time of fish fillets were conducted using
the SPSS computer program version 11.5 for windows
(SPSS Inc., Chicago, USA). All experiments were con-
ducted in triplicate. Comparison of means was determined
using Duncan’s multiple-range test. The level of signifi-
cance was set at 0.05.

4. Results and discussion

4.1. Chemical composition of fillets change during storage

There was no significant (P > 0.05) effect of sex, age
and storage time of fish fillet on fat, moisture and ash con-
tents. Fat, moisture and ash contents were 2.90–3.03,
73.71–75.68 and 1.16–1.18%, respectively (Table 1). Total
protein, water soluble protein (WSP) and salt soluble pro-
tein (SSP) of fillets decreased with storage time (P < 0.05)
(Tables 1 and 2). Total protein, SSP and WSP content
decreased from an initial value of about 18.68–17.25%,
124.02–95.25 mg/g sample and 54.86–40.34 mg/g sample
at the end of storage, respectively. Decrease in total pro-
tein content of fish flesh was possibly due to a decrease
in SSP and WSP. A significant reduction in WSP content
was also observed during the storage of Atlantic salmon in
ice; whereas no significant change in SSP was noted (Hult-
mann & Rustad, 2004). Munasinghe, Ohkubo, & Sakai
(2005) reported that SSP of yellowtail minced stored at
4 �C decreased from 123.93 to 119.40 mg/g tissue in 10
days of storage. The SSP level in channel catfish frame
mince also decreased during storage at 4 �C. Suvanich
et al. (2000) suggested that long storage time and high
temperature contribute to the loss of SSP. Loss of these
proteins was due to autolytic deterioration associated with
actions of endogenous enzymes. These changes were fol-
lowed by the growth of microorganisms. Generally, the
rates of both autolysis and microbial spoilage were depen-
dent upon the storage temperature (Garthwaite, 1997).



Table 1
Chemical composition changes of hybrid catfish fillets during chilled storage at 4 �C for 15 days

Storage
time (day)

Total protein
content (%)A

Water soluble protein
(mg/g sample)A

Fat content (%)A Moisture content (%)A Ash content (%)A

0 18.68 ± 0.32a 54.86 ± 1.37a 3.03 ± 0.07a 75.68 ± 1.09a 1.17 ± 0.01a

3 18.41 ± 0.50a 53.35 ± 1.53b 2.98 ± 0.02a 75.21 ± 1.00a 1.18 ± 0.03a

6 18.36 ± 0.65a 49.58 ± 1.52c 2.90 ± 0.02a 75.08 ± 1.11a 1.18 ± 0.01a

9 17.70 ± 0.40b 45.86 ± 1.76d 2.96 ± 0.03a 74.14 ± 1.36a 1.16 ± 0.01a

12 17.40 ± 0.46bc 43.13 ± 1.30e 2.96 ± 0.03a 74.14 ± 1.36a 1.17 ± 0.02a

15 17.25 ± 0.55c 40.34 ± 1.06f 2.95 ± 0.03a 73.71 ± 1.08a 1.18 ± 0.04a

A Values are given as mean value from all sex and age of fish ± standard deviation from triplicate observations. Values in the same column with different
letters are significantly different (P < 0.05).

Table 2
Changes of pH and salt soluble protein of hybrid catfish fillets during
chilled storage at 4 �C for 15 days

Storage time (day) pH valueA Salt soluble protein (%)A

0 6.41 ± 0.34a 124.02 ± 5.93a

3 6.41 ± 0.40a 119.08 ± 5.30b

6 6.53 ± 0.24a 106.42 ± 4.13c

9 6.72 ± 0.13b 99.01 ± 3.60d

12 6.88 ± 0.08c 96.15 ± 2.21e

15 7.07 ± 0.08d 95.25 ± 3.62f

A Values are given as mean ± standard deviation from six observations.
Values in the same column with different letters are significantly different
(P < 0.05).
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Fig. 1. Total volatile basic nitrogen (TVB-N) content in fish fillets during
storage at 4 �C for 15 days. Numbers in the legends indicate age of fish in
month.
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Loss of SSP resulted in inferior gel-forming ability of
minced fish. The pH value of hybrid catfish fillets
increased as storage time was extended (P < 0.05). The ini-
tial pH value increased from about of 6.4–7.1 at the end of
storage (Table 2). Huss (1988) suggested that the initial
post mortem pH of fish varies with species, catching
ground and season. Usually pH decreases due to anaero-
bic formation of lactic acid during the first hour after
death. Later, pH increases slightly because of the forma-
tion of alkaline compounds. The increase of pH through-
out 15 days of storage might be attributed to the
formation of basic decomposition products, such as
ammonia and trimethylamine. These compounds are pro-
duced by endogenous enzymes and bacterial spoilage
(Ruiz-Capillas & Moral, 2001; Villemure, Simard, &
Picard, 1986). Ruiz-Capillas & Moral (2001) found that
pH value for hake stored in ice increased progressively
throughout 25 days of storage. Yongsawatdigul & Park
(2002) reported a gradual increase in pH of threadfin
bream stored in ice, from 6.50 to 6.74 after 12 days of
storage. Wang, Liceaga-Gesualdo, & Li-Chan (2003)
found that the pH value of young Atlantic salmon muscle
increased from 6.32 to 6.58 and to 6.80 at the end of stor-
age at 0 and 4 �C, respectively. Hultmann & Rustad
(2004) also reported that pH value of Atlantic salmon
stored in ice increased significantly during the storage.
Suvanich et al. (2000) suggested that pH affected the dena-
turation rate of myofibrillar proteins, which are important
in gel-forming ability of minced fish. Ruiz-Capillas &
Moral (2001) suggested that pH changes during refriger-
ated storage of fish differed according to the species of fish
and other factors, such as degree of microorganism con-
tamination and storage condition.

4.2. Biochemical properties changes during storage

There was no difference (P > 0.05) in total volatile basic
nitrogen (TVB-N), autolytic degradation products (ADP)
and Ca2+-ATPase activity among sex and age of fish (Figs.
1, 2 and 4). The values for TVB-N increased as storage time
progressed (P < 0.05) (Fig. 1). TVB-N content of filleted
fish progressively increased to 32.75 mg N/100 g muscle at
day 9 and to 44.37 mg N/100 g muscle at day 15. TVB-N
content in albacore (Perez-Villareal & Pozo, 1990), hake
(Ruiz-Capillas & Moral, 2001) and lizardfish (Benjakul,
Visessanguan, & Tueksuban, 2003) stored in ice and chan-
nel catfish frame mince (Suvanich et al., 2000) during chilled
and iced storage increased with storage time. Özogul, Polat,
& Özogul (2004) reported that the TVB-N value of gutted
sardine stored at 4 �C was higher than 35 mg N/100 g mus-
cle. Fagan, Gormley, & Mhuircheartaigh (2003) found that
TVB-N of raw whiting fillet, mackerel fillet and salmon por-
tions chilled at 4 �C increased for 13.7, 15.9 and 17.0 mg N/
100 g muscle on day 0 to 25.0, 23.1 and 22.7 mg N/100 g
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Fig. 2. Autolytic degradation products (ADP) content in fish fillets during
storage at 4 �C for 15 days. Numbers in the legends indicate age of fish in
month.

Fig. 3. SDS–PAGE patterns of fish fillets during storage at 4 �C for 15
days; numbers designate storage time (days) and S designate protein
standard.
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Fig. 4. Ca2+-APTase activity in fish fillets during storage at 4 �C for 15
days. Numbers in the legends indicate age of fish in month.
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muscle at day 3, respectively. Yamanaka (1990) reported
that TVB-N of saury pike stored at 5 �C was 5.5 mg TVB-
N/100 g flesh during storage period on day 0 and increased
to 64.1 mg TVB-N/100 g flesh after 11 days of storage.
Oehlenschlager (1992) studied cod and haddock stored at
refrigerated temperature (4–6 �C); the TVB-N value
increased slowly in the first 7–9 days of the storage period,
and increased rapidly afterwards. From this result, the
TVB-N content of fish samples on day 0 was in the range
of 15.73 and 16.91 mg N/100 g muscle. Other researchers
(above) have also reported that the TVB-N content of many
fish species at day 0 of storage to be in the range of 5.5–
17.0 mg N/100 g muscle, suggesting that fish muscle
possibly underwent some deterioration during handling
(Benjakul et al., 2003).The formation of TVB-N is generally
associated with activity of micro-organisms during later
stages of deterioration that can be used as an indicator of
spoilage (Benjakul et al., 2003; Özogul & Özogul, 2000).
Our results showed that both TVB-N content and pH val-
ues of chilled fish increased during storage. Hultmann &
Rustad (2004) reported that the changes in TVB-N content
during storage period may be related to changes in pH.
Connell (1990) suggested that the recommended level of
TVB-N for rejection is 20 mg N/100 g flesh for fatty fish.
Connell (1975) & Oehlenschlager (1992) concluded that
when the concentration of TVB-N exceeded 30 mg N/
100 g flesh, the fish should be considered unfit for consump-
tion. However, a TVB-N value of 30 to 40 mg/100 g was
reported to be the limit for acceptability of cold and temper-
ate water fish (Benjakul et al., 2003). Horner (1997) sug-
gested that TVB-N is insensitive to freshness, which
means that it can not be used as a freshness indicator. How-
ever, it relates well with unfitness for human consumption
as it is a good spoilage indicator. Our results showed that
TVB-N content of all samples exceeded 30 mg N/100 g flesh
after day 9 of storage in accordance with slime on the sur-
face of fillets from visual observation and putrid smell.
These results indicated that fillets were unfit for consump-
tion after day 9 of storage. However, further studies are
required to evaluate the correlation between TVB-N con-
tent and sensory properties of fish fillet during cold storage.
Results can be used to limit the TVB-N level for acceptabil-
ity of hybrid catfish fillet during chilled storage.

Autolytic degradation products (ADP) were detected
throughout the storage period, suggesting autolytic degra-
dation of fish protein (Benjakul et al., 2003). Initial ADP of
0.49–0.60 lmol tyrosine/g muscles on day 0 indicated the
endogenous oligopeptides in muscle plus the degradation
products accumulated during post-harvest handling (Ben-
jakul et al., 1997). The values of ADP increased with stor-
age time (P < 0.05) and sharply increased to 7.29 lmol
tyrosine/g muscle in fillet stored at day 15 (Fig. 2). Our
results showed that ADP content was affected by storage
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time. Fish fillet contained the highest amount of ADP on
day 15, suggesting that proteolysis of hybrid catfish fillet
continuously occurred at 4 �C. Degradation of myofibrils
occurred at 0 �C by endogenous proteinases, though the
hydrolysis rate was low (Benjakul et al., 1997; Tokiwa &
Matsumiya, 1969). Pacheco-Aguilar et al. (2000) reported
that during the first day of sardine storage in ice, endoge-
nous enzymes played an important role in the loss of fresh-
ness. SDS–PAGE patterns revealed that the intensity of
myosin decreased as the storage time increased, corre-
sponding to an increased ADP content (Figs. 2 and 3). A
decrease in myosin heavy chain for all samples confirmed
proteolysis caused by endogenous proteinases at 4 �C.

Ca2+-ATPase activities of all samples decreases as the
storage time increased (P < 0.05). Ca2+-ATPase activity
decreased from 0.287 to 0.293 lmoles inorganic phosphate
(Pi) released/mg protein/min at day 0 to 0.103–
0.108 lmoles inorganic phosphate (Pi) released/mg pro-
tein/min at day 15 (Fig. 4). Ca2+-ATPase activity is a
measure of muscle tissue ability to hydrolyze adenosine
triphosphate (ATP) in the presence of Ca2+ions. The
myofibrillar adenosine triphosphatase (ATPase) is located
in the myosin head region (Chan, Gill, Thompson, &
Singer, 1995). Thus, Ca2+-ATPase activity is a good indi-
cator of the integrity of myosin molecule (Roura & Crup-
kin, 1995). A decrease of Ca2+-ATPase activity implied
conformational changes of myosin (Yongsawatdigul &
Park, 2002). The result indicated that myosin underwent
some conformational changes during chilled storage at
4 �C. In addition, the loss in Ca2+-ATPase activity was
possibly associated with the proteolysis of myosin mole-
cule (Benjakul et al., 2003). Yongsawatdigul & Park
(2002) found that freshness of threadfin bream kept in
ice decreased slightly during 12 days and actomyosin
underwent conformational changes after storage in ice
for 3 days. Benjakul et al. (2003) reported that lizardfish
underwent rapid physico-chemical changes by both dena-
turation and proteolytic degradation during iced storage.
Therefore, storage time was found to be a key factor gov-
erning the biochemical changes of filleted fish during
chilled storage at 4 �C.

4.3. Textural properties of gel during storage

Breaking force and deformation of mince gel decreased
as storage time progressed (P < 0.05) (Fig. 5). There was no
significant (P > 0.05) effect of both sex and age of fish.
Deformation of gel decreased approximately 15.5%
throughout 15 days of storage. Breaking force value
decreased about 46.7% on day 15. This was possibly due
to a decrease in salt soluble proteins (SSP) and myosin con-
tents as shown in SDS–PAGE patterns. Based on these
results, breaking force of mince gel decreased more than
38.1% when gel was prepared from fillet stored over 6 days.
Therefore, to maintain high quality of gel, hybrid catfish
should be processed within 6 days of storage at 4 �C. Deg-
radation of myosin resulted in an inferior gel network for-
mation, causing a lower elasticity with poor water-holding
capacity in gel matrix (Benjakul et al., 2003). McDonald,
Lelievre, & Wilson (1990) found that strength of gels pre-
pared from minces of hoki (Macruronus novaezelandiae)
stored in ice decreased throughout 21 days of storage.
However, gel quality of hoki surimi was acceptable after
holding on ice up to 10 days. Breaking force and deforma-
tion of gel prepared from lizardfish (Saurida tumbil) stored
in ice also decreased with storage time (Benjakul et al.,
2003). Yongsawatdigul & Park (2002) reported that thread-
fin bream should be processed to surimi within 3 days when
stored in ice to maintain high quality of gel. From the
results, there was no significant effect of both sex and age
of hybrid catfish on breaking force and deformation of
mince gel. Therefore, sex of hybrid catfish both male and
female and age of fish at 6 months or higher maturity could
be processed to obtain the same textural properties of
mince gel. However, fish at 6 months is quite difficult to fil-
let because of small size.

5. Conclusions

Sex and age of hybrid catfish as well as storage period
had no effect on fat, moisture and ash contents of hybrid
catfish, whereas total protein and water soluble protein
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contents decreased with storage time. A decrease in salt
soluble protein and an increase in pH were found in differ-
ent age of fish and storage time. Age and sex of fish had
no effect on biochemical properties of fillet and textural
properties of its gel. Storage time was found to be a prime
factor determining the biochemical properties of fillets and
textural properties of gel. Hybrid catfish fillet should be
processed within 6 days to maintain high textural proper-
ties when stored at 4 �C, whereas fillet should be con-
sumed within 9 days. In addition, hybrid catfish at 6
months or higher maturity for both male and female could
be processed to obtain the same textural properties of
mince gel.
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