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Physicochemical changes of Basa fish (Pangasius bocourti) fillet during frozen storage at −20°C for 0–20 weeks were studied. -e
content of thiobarbituric acid reactive substances (TBARS) of fish samples suddenly increased when the samples were stored
longer than 8 weeks (p< 0.05).-e increase in TBARS value of the fish fillet was concomitant with the increase in b∗ value (yellow
color). Marked decreases in Ca2+-ATPase activity, sulfhydryl content, and protein solubility of the fish fillet after 8 weeks of
storage were observed. -ose decreasing values were well correlated with the increasing of disulfide bond content and surface
hydrophobicity content (p< 0.05). Increases in shear force of fish meat during storage were also observed (p< 0.05). -e results
indicated that frozen storage at −20°C affected on Basa fillet qualities, especially after 8 weeks of storage.-ese data could be useful
for consumer and food industry.

1. Introduction

Basa, (Pangasius bocourti) a freshwater fish, has been in-
creasingly produced and consumed due to its taste and
useful nutrients. Vietnam is the largest producer of catfish
such as Basa and Sawai (Pangasius hypophthalmus), followed
by -ailand, Cambodia, Lao People’s Democratic Republic,
Myanmar, Bangladesh, and China [1]. In -ailand, Basa is
promoted to be cultured in areas along theMae Khong shore
of -ailand [2]. It is generally processed to frozen fillets for
domestic consumption and also exported to Europe and
USA. Recently, the market of the frozen catfish fillet has been
increasing due to its desirable qualities such as easily di-
gestible protein [3]. Frozen seafood products are imperative
since fish products are one of the most highly traded food
commodities [4]. Freezing is a means to prevent fish quality
deterioration during transportation, storage, retail display,
or consumption. -e deterioration caused by microbial and

enzyme activity can be limited effectively under frozen
storage [5]. However, discoloration and destruction of
texture caused by the denaturation of proteins and lipid
oxidation still occurred during frozen storage [6, 7].

-e deterioration of fish meat during frozen storage
depends on many factors such as fish species, storage
temperature, time, and enzymatic degradation [8, 9]. De-
naturation and aggregation of muscle proteins during frozen
storage are associated with the formation of disulfide and the
interaction of lipid oxidation products with proteins [4].
Denaturation induced by frozen storage contributed to the
decrease in the protein solubility of fish meat. -e oxidation
of lipid also takes place easily and limits the shelf life of fish
during frozen storage [7]. Lipid oxidation is of great concern
to the food industries and consumers since it contributes to
the development of poor color, odor, and texture as well as
reduced nutritional value [10, 11]. Our preliminary study
shows that Basa meat contained high levels of unsaturated
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fatty acids and that it is very susceptible to oxidation. -e
lipid components of postmortem fish muscle tissue are
prone to oxidation because fatty acids of fish lipids are much
more unsaturated than those of mammals and birds [12].
Quality changes and muscle discoloration related to lipid
oxidation of some fish species have been reported [7, 13, 14].
However, no information regarding physicochemical changes,
lipid oxidation, and discoloration in muscle of Basa fish
cultured in-ailand during frozen storage has been reported.
-erefore, the objective of this research was to investigate the
quality changes, lipid oxidation, and discoloration of Basa fish
during frozen storage.

2. Materials and Methods

2.1. Chemicals. Ammonium molybdate, 5-5′-dithio-bis
(2-nitrobenzoic acid) (DTNB), adenosine 5′- triphosphate
(ATP), p-nitrophenyl-α-glucopyranoside, p-nitrophenyl-N-
acetyl-β-D-glucose amide, 1-anilinonaphthalene-8-sulphonic
acid (ANS), thiobarbituric acid (TBA), and malondialdehyde
(MDA) were purchased from Sigma (St. Louis, MO, USA).
Potassium chloride (KCl) and urea were obtained from Ajax
Finechem (Wellington, New Zealand). All chemicals were of
analytical grade.

2.2. Sample Preparation. Basa (P. bocourti) weighing 2 kg,
killed by ice-shocking, were purchased from the fish farm in
Ubon Ratchathani, -ailand. -e fish were kept in ice using
a fish/ice ratio of 1 : 2 (w/w) during transportation to the
Program in Food Business and Nutrition, Faculty of Agri-
culture, Ubon Ratchathani Rajabhat University, Ubon
Ratchathani province. Upon arrival, the fish were washed
with tap water, filleted, and deskinned. Fish fillets were
packed in a polyethylene bag. -e samples were frozen by
air-blast freezer and kept at −20°C for different times (0, 4, 8,
12, 16, and 20 weeks). At the time designated, frozen fish
were thawed using running tap water (25–27°C), until the
core temperature reached 0–2°C. -e thawed samples were
then subjected to analyses.

2.3. Determination of!iobarbituric Acid Reactive Substances
(TBARS). TBARS were determined as described by Buege
and Aust [15]. Fish paste (2 g), containing various concen-
trations of iron, was dispersed in 10mL of thiobarbituric acid
solution (0.375% thiobarbituric acid, 15% trichloroacetic acid,
and 0.25N HCl). -e mixture was heated in boiling water for
10 minutes, followed by cooling in running tap water. -e
mixture was centrifuged at 3600×g for 20 minutes at room
temperature. -e absorbance of the supernatant was mea-
sured at 532 nm using a spectrophotometer (Model UV 1800,
Shimadzu, Kyoto, Japan). -e standard curve was prepared
using malondialdehyde, and TBARS values were expressed
as mg malondialdehyde /kg samples.

2.4. Determination of Color. -e color of the fish fillet was
measured using a colorimeter (Color Flex, Hunter Lab Inc.,
Reston, VA, USA) and reported in the CIE color profile
system as L∗, a∗, and b∗ values.

2.5. Determination of Surface Hydrophobicity. Surface hy-
drophobicity (SoANS) was determined as described by
Benjakul et al. [16] using 1-anilinonaphthalene-8-sulfonic
acid (ANS) as a probe. Natural actomyosin (NAM) was
prepared as described by Benjakul et al. [16]. NAM solution
(4mg/mL) was diluted in 10mM phosphate buffer, pH 6.0,
containing 0.6M NaCl to produce protein concentrations of
0.125, 0.25, 0.5, and 1mg/mL, followed by incubation at room
temperature for 10min. -e diluted protein solution (2mL)
was mixed with 20 μL of 8mM ANS in 0.1M phosphate
buffer, pH 7.0, and the fluorescence intensity of ANS-
conjugates was immediately measured using a spectrofluo-
rometer (RF-15001, Shimadzu, Kyoto, Japan) at an excitation
wavelength of 374 nm and an emission wavelength of 485 nm.
-e initial slope of the plot of fluorescence intensity versus
protein concentration was referred to as SoANS.

2.6. Determination of Total Sulfhydryl Content. -e total
sulfhydryl content was determined using 5,5′-dithio-bis (2-
nitrobenzoic acid) (DTNB) according to the method of
Ellman [17] as modified by Benjakul et al. [16]. NAM was
prepared as described by Benjakul et al. [16]. Onemilliliter of
NAM solution (4mg/mL) was mixed with 9mL of 0.2M
Tris-HCl buffer, pH 6.8, containing 8M urea, 2% SDS, and
10mM EDTA. Four mL of the mixture was mixed with
0.4mL of 0.1% DTNB and incubated at 40°C for 25min. -e
absorbance at 412 nm was measured using a spectropho-
tometer, and a 0.6M KCl solution was used as a blank. -e
sulfhydryl content was calculated using the extinction co-
efficient of 13500M−1·cm−1.

2.7. Determination of Disulfide Bond Content. -e disulfide
bond content was determined using the 2-nitro-5-
thiosulfobenzoate (NTSB) assay according to the method
of-annhauser et al. [18]. NAMwas prepared as described by
Benjakul et al. [16]. To 0.5mL of NAM solution (4mg/mL),
3.0mL of freshly prepared NTSB assay solution was added.
-e mixture was mixed thoroughly and incubated in dark at
room temperature for 25min. -e absorbance at 412 nm was
measured using a spectrophotometer. -e disulfide bond
content was calculated using the extinction coefficient of
13900M−1·cm−1.

2.8. Determination of Ca2+-ATPase Activity. ATPase activity
was determined by using the method of Benjakul et al. [16].
NAMwas diluted to 3–5mg/mL with 0.6MKCl, pH 7.0.-e
diluted NAM solution (0.5mL) was added to 0.3mL of 0.5M
Tris-maleate, pH 7.0. -emixture was treated with 0.5mL of
10mM CaCl2 and 3.45mL of distilled water. To initiate the
reaction, 0.25mL of 20mM ATP was added. -e reaction
was conducted for 10min at 25°C and terminated by adding
2.5mL of chilled 15% (w/v) trichloroacetic acid.-e reaction
mixture was centrifuged at 3500×g for 5min, and the in-
organic phosphate liberated in the supernatant was mea-
sured using the method of Fiske and Subbarow [19]. Specific
activity was expressed as µmol inorganic phosphate (Pi)

2 Journal of Chemistry



released/mg protein/min. A blank solution was prepared by
adding chilled trichloroacetic acid prior to addition of ATP.

2.9. Determination of Protein Solubility. Solubility was de-
termined according to Benjakul and Bauer [20]. To 1 g fish
meat, 20mL of 0.6M KCl was added, and the mixture was
homogenized for 1min at a speed of 12000 rpm, using an
IKA homogenizer (IKA, Labortechnik, Selangor, Malaysia).
-e homogenate was stirred at 4°C for 4 h, followed by
centrifuging at 8500×g for 30min at 4°C. To 10mL of su-
pernatant, and cold (4°C) 50% (w/v) trichloroacetic acid was
added to obtain a final concentration of 10%.-e precipitate
was washed with 10% trichloroacetic acid and solubilized in
0.5M NaOH. -e fish meat was also directly solubilized by
0.5M NaOH to determine total protein. -e protein content
was determined using the Biuret method [21] and expressed
as the percentage of total protein in the sample.

2.10. Determination of Shear Force. Shear force of the Basa
fillet during frozen storage was measured using the TA-XT2i
texture analyzer (Stable Micro Systems, Surrey, England)
equipped with a Warner-Bratzler shear apparatus [22]. -e
cylindrical longitudinal muscle samples of the fillet were cut
out with a borer of 11mm in diameter. -e blade was
pressed down at a constant speed of 2mm/s through the
sample, cutting the muscle fiber transversely. Shear force (N)
was recorded from six measurements.

2.11. Statistical Analysis. Experiments were run in triplicate.
Data were subjected to analysis of variance (ANOVA), and
mean comparison was carried out using Duncan’s multiple
range test (DMRT) [23]. Statistical analyses were performed
using the Statistical Package for Social Science (SPSS 13.0 for
windows, SPSS Inc., Chicago, IL).

3. Results and Discussion

3.1. Changes in TBARS Values. Changes in TBARS values in
the Basa fillet during frozen storage at −20°C for 20 weeks are
shown in Figure 1. TBARS values have been used to de-
termine the secondary products of lipid oxidation, especially
aldehydes and decomposition products of hydroperoxides
[24]. -e slight increases in TBARS values of the Basa fillet
during the first 8 weeks of storage were observed (Figure 1).
-ereafter, sharp increases in the TBARS values were no-
ticeable (p< 0.05). TBARS values of the Basa fillet were
continuously increased until the end of storage (20 weeks).
-e increases in TBARS values in anchovy (Engraulis
encrasicholus) [25] and cuttlefish muscle [7] during frozen
storage were also reported.

Increase in TBARS value of the Basa fillet was possibly
due to the denaturation of fish muscle during the extended
storage. Catalysts released from the denatured or disrupted
muscle cells could accelerate the lipid oxidation. Lipid ox-
idations in fish muscle induced by frozen storage were re-
ported [6, 7]. -e ice crystals formed during the freezing
process could disrupt cells and release pro-oxidants for lipid

oxidation, especially free iron [26]. -e free iron can act as
a pro-oxidant in fish muscle and was associated with the
enhanced lipid oxidation [27]. -e increase of TBARS value
varied with fish species, and fat content was also reported
[28]. -e differences in lipid oxidation possibly resulted
from the different fatty acid compositions. Unsaturated fatty
acids are more prone to oxidation, compared to saturated
fatty acids. Our preliminary study showed that the Basa fillet
had high fat content (13.26%) and unsaturated fatty acid
(66.91 g/100 g lipid). Frozen storage affected on lipid oxi-
dation of the Basa fillet as indicated by the increase in
TBARS value during storage for 20 weeks.

3.2. Changes in Color. Changes in L∗ (lightness), a∗ (red-
ness), and b∗ (yellowness) values of the Basa fillet during
frozen storage at −20°C for 20 weeks are depicted in Figure 2.
-ere was no difference in L∗, a∗, and b∗ values of the Basa
fillet during the first 8 weeks of storage (p> 0.05). However,
a decrease in the L∗ values of the fish fillet was observed when
the storage time increased up to 12 weeks (Figure 2). -e
decreased L∗ value of cuttlefish muscle during frozen storage
was reported [7]. A decrease in the a∗ value in the fish fillet
was observed when the samples were stored longer than 8
weeks (p< 0.05) (Figure 2). Pigment degradation can also
lead to the changes in muscle color [29]. -e frozen storage’s
influence on the a∗ value of muscle has been reported [29].

-e increase in b∗ values of the fish fillet was observed
after 8 weeks of storage (p< 0.05). A positive correlation
between lipid oxidation (TBARS) and yellow color (b∗)
formation was found in the Basa fillet. In addition, the first 8
weeks of storage, the gradual increase in the b∗ value of the
fish sample correlated well with the slow increase in TBARS
values (Figure 1). Aldehydes, ketones, and carbonyl com-
pounds, products from the oxidation of unsaturated fatty
acids, can react with free amino groups in protein. -ese
reactions lead to discoloration and the production of un-
pleasant odors [30, 31]. Fish quality deteriorations, including
lipid oxidation and discoloration, induced by frozen storage
have been reported [25, 32, 33].
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Figure 1: Changes in TBARS value of the Basa fish fillet during
frozen storage at −20°C for 20 weeks. Bars represent standard
deviation from triplicate determinations. -e different letters on
the bars indicate significant differences (p< 0.05).
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3.3. Changes in Surface Hydrophobicity. Changes in surface
hydrophobicity (SoANS) of NAM extracted from the Basa
fillet subjected to frozen storage are shown in Figure 3.
Generally, the slow increases in the SoANS of the Basa fillet
during the first 8 weeks of storage were found (p< 0.05)
(Figure 3). -ereafter, the marked increase in SoANS of the
fish fillet up to 20 weeks of storage was observed (p< 0.05).
-e hydrophilic (polar) residues are generally exposed to
water, while the hydrophobic (nonpolar) groups are local-
ized in the molecules. An increase in surface hydrophobicity
possibly resulted from structural alterations of proteins
induced by frozen storage [7]. Benjakul and Sutthipan [6]
reported an increase in the SoANS of natural actomyosin
extracted from crabmuscle during 8 weeks of frozen storage.
-e increase in surface hydrophobicity of frozen the Basa
fillet was in agreement with other studies that showed an
increased surface hydrophobicity as frozen storage time
increased [4, 34]. In addition, some studies also revealed that
the increased protein oxidation, such as increasing of surface
hydrophobicity, was coincidental with the increased lipid
oxidation [35, 36], suggesting that protein structural changes
might be a result of the reaction between functional groups
of proteins and oxidation products of polyunsaturated fatty
acids [37].

3.4. Changes in Sulfhydryl Group and Disulfide Bond
Contents. Changes in sulfhydryl content and disulfide bond
content of NAM extracted from the Basa fillet during frozen
storage for 20 weeks are depicted in Figures 4(a) and 4(b).
Generally, the gradual decrease in sulfhydryl group content of
fish samples during the first 8 weeks was observed (p< 0.05)
(Figure 4(a)). -ereafter, the marked decrease in the sulfhydryl
group content was noticeable (p< 0.05). Myosin contains 42
sulfhydryl groups [20]. -ese reactive sulfhydryl groups are

susceptible to oxidation, especially during frozen storage [20].
-e decrease in sulfhydryl group content was due to either the
oxidation of sulfhydryl, disulfide interchanges, or the formation
of hydrogen and hydrophobic bonds, which masked the re-
active sulfhydryl structure of actomyosin molecules [6]. -e
decreases of total sulfhydryl groups of crab meat [6] and some
fish species including croaker, lizardfish, threadfin bream, and
bigeye snapper [38] during frozen storage were reported.

Disulfide bond formation was observed throughout the
frozen storage (Figure 4(b)). -e gradual increase in
disulfide bond content was observed in fish samples during
the first 8 weeks of storage (Figure 4(b)). -ereafter, marked
increase in disulfide bond content was observed (p< 0.05).
-e increase in disulfide bond content correlates with the
decrease in sulfhydryl content (Figure 4(a)). -is result
suggests that the freezing process may have induced the
exposure of sulfhydryl groups, which were further oxidized
to disulfide bonds. Conversion of sulfhydryl groups into
disulfides and other oxidized species can be due to radical-
mediated oxidation of protein [39]. Decreases in sulfhydryl
group content of common carp (Cyprinus carpio) surimi as
influenced by frozen storage have been reported [34].

3.5. Changes in Ca2+-ATPase Activity. -e Ca2+-ATPase
activity of NAM extracted from the Basa fillet during frozen
storage is shown in Figure 5. A decrease in Ca2+-ATPase
activity of fish sample with increasing storage time was
observed. Decreases in Ca2+-ATPase activity of the Basa fillet
during frozen storage may be due to conformational changes
and protein polymerization. A decline in the Ca2+-ATPase
activity of fish samples during frozen storage indicated
myosin denaturation, especially in the head region [20].
Myosin globular head is responsible for the ATPase activity
[16]. Kobayashi and Park [4] reported that the Ca2+-ATPase
activity of NAM extracted from frozen tilapia (Oreochromis
niloticus) decreased when frozen storage time increased.
Decreasing in Ca2+-ATPase activity of NAM extracted from
the common carp (Cyprinus carpio) fillet during extended
frozen storage was also reported [8]. -e result correlates
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Figure 3: Changes in surface hydrophobic content of NAM
extracted from the Basa fish fillet during frozen storage at −20°C for
20 weeks. Bars represent standard deviation from triplicate de-
terminations. -e different letters on the bars indicate significant
differences (p< 0.05).
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well with the increased surface hydrophobicity (Figure 3)
and disulfide bond content (Figure 4(b)) of the Basa fillet
with increasing storage times. -eir results confirmed the
denaturation and polymerization of fish protein as influ-
enced by frozen storage.

3.6. Changes in Protein Solubility. Protein solubility in 0.6M
KCl of the Basa fillet during frozen storage is shown in
Figure 6. Gradual decreases in protein solubility of fish
samples during the first 8 weeks were observed (Figure 6).
After that the sharp decrease in protein solubility was found.
-e decreased solubility of the fish fillet during frozen
storage was in accordance with the decreased sulfhydryl
group content (Figure 4(a)) and the Ca2+-ATPase activity
(Figure 5) as well as the increased SoANS (Figure 3) and
disulfide bond content (Figure 4(b)).-e decrease in protein
solubility is used as an indicator of protein denaturation.
Decreases in solubility might be caused by protein aggre-
gation during frozen storage or the freeze-thaw process [40].

Formation of disulfide bonds and hydrophobic interaction
during frozen storage was associated with protein aggre-
gation [41]. -e decrease in protein solubility of common
carp surimi during extended frozen storage was also re-
ported [34]. Changes in the protein structure and functional
properties, such as protein polymerization and loss of sol-
ubility, caused by oxidation, have been revealed [42]. Apart
from protein oxidation, increase in lipid oxidation (Figure 1)
was also correlated with protein solubility. Lipid degradation
products are also capable of cross-linking polypeptides and
thus are responsible for the generation of insoluble protein
aggregates [43].-is possibly resulted in the loss in solubility
of protein, especially when the storage time increased. Saeed
and Howell [44] also reported the deleterious effect of lipid
oxidation products on protein structure and function of
frozen fatty fish.

3.7. Changes in Shear Force. Shear force of the Basa fillet
during frozen storage for 20 weeks is shown in Figure 7.
Generally, no changes in shear force of fish samples during
the first 8 weeks of storage were observed. -ereafter, shear
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force of fish samples increased markedly (p< 0.05). It was
postulated that the more compact muscle fibers might be
formed with increasing frozen time. -is was related with
the decreased protein solubility (Figure 6). When the water
was removed frommuscle as induced by freezing, the muscle
fibrils became more concentrated, thereby resulting in
higher aggregation [41]. -ose aggregates led to the tougher
texture as shown by the increased shear force. Freezing
produced hardening of gels due to partial dehydration
caused by ice crystal formation was also reported [45].

4. Conclusion

Basa fillets were susceptible to lipid oxidation and protein
oxidation during extended frozen storage. -e increase in
yellow discoloration (b∗) of the fish fillet was correlated well
with increase in TBARS value. -e lipid oxidation might be
associated with the discoloration and tough texture of fish
muscle. -erefore, frozen storage at −20°C affected the
qualities of the Basa fillet, especially after 8 weeks of storage.
-ese data could be useful for the appropriate postharvest
management of frozen-stored Basa fish meat for human
consumption and food industry.
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