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Abstract

In India, pangasius (Pangasianodon hypophthalmus)
farming is gaining importance among the farmers
due to its fast growth and better survival rate. In
the present study, restructured products were
prepared from pangasius mince in four different
formulations by using pangasius fish mince, corn
starch (4%) and chitosan (0.75%). Formulation
containing only corn starch (4%) served as control.
Shelf life of the products was evaluated under
chilled (2°C) condition up to 17 days. Biochemical
quality parameters viz., total volatile base nitrogen
(TVB-N), free fatty acid (FFA) and peroxide value
(PV), thiobarbituric acid (TBA) value were within
acceptable limits in chitosan treated samples.
Control sample was acceptable only upto 6 days
compare to 12 days in chitosan treated samples.

Keywords: Chilled storage, chitosan, pangasius, fish
mince, restructured products.

Introduction

There is an increasing demand for fish and fishery
products throughout the world due to its health
benefits as fish contain all essential amino acids,
fatty acids, vitamins and minerals (Elizabeth, 2013).
The current trend in fish processing industry is to
introduce novel fish products based on fish mince
that are stable, acceptable and nutritious to meet
international standards. Surimi and restructuring
technology offers scope for novel products by
incorporating an array of additives to improve the
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mechanical and functional properties. Low-value
species and filleting remains could be transformed
into high-value products by restructuring technol-
ogy (Borderias et al., 2005). The restructuring
process allows the acquisition of products with high
commercial value. In India, unlike marine fish,
freshwater fish is usually marketed for consumption
in fresh condition.

Pangasius (Pangasianodon hypophthalmus) or basa
catfish is one of the fast growing aquaculture
species. Due to high demand in the international
market, large numbers of farmers in India are
engaged in culturing pangasius fish. It is mostly
sold as fresh fish or frozen fillets. Until now little
or few efforts have been made to produce value-
added products from pangasius. Processing of
pangasius into value-added battered and breaded
products enhance their acceptability and market
value. Food hydrocolloids have been proposed to
improve the mechanical and functional properties of
surimi and restructured fish gel. The importance of
chitosan as a food additive is increasing due to its
antioxidant and antimicrobial activities (Kamil et al.,
2002; Mohan et al., 2012). Chitosan (a-(1,4)-2- amino-
2-deoxy-D-glucopyranose) is the deacetylated form
of chitin, which has been reported to have a number
of functional properties that make it technically and
physiologically useful as a kind of dietary fibre
(Borderias et al., 2005). Chitosan may retard the
lipid oxidation and inhibit the growth of spoilage
bacteria in meat during storage. There is a consid-
erable interest in using additives along with minced
fish to extend its storage life. To the best of our
knowledge, no literature is so far available on the
effect of chitosan incorporation on the quality of
restructured products from pangasius fish mince.
The present study was undertaken to prepare
restructured products from pangasius mince with
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addition of chitosan and to evaluate the effective-
ness of chitosan in extending shelf life of products
under chilled storage.

Materials and Methods

Pangasius with an average weight of 1.3+0.25 kg and
length 48+1.5 cm were procured from Aquafarm at
Kodungalloor near Cochin, India and brought to the
laboratory, at CIFT, Cochin in iced condition (1:1 fish
to ice ratio) in insulated boxes. All the chemicals and
glassware used in the study were of analytical grade.
Chitosan was prepared from the shells of Metapenaeus
dobsoni by the method of Nair and Madhavan (1974).
The degree of deacetylation of the chitosan was
determined as described by Shigemassa et al. (1996).

Fish were dressed and washed with potable water.
Filleting and de skinning were done manually.
Mincer (SIMARN, India) was used for production of
fish mince. Four different formulations (C1, C2, T1
& T2) made for product preparation are given in
Table 1. Ingredients for the preparation of restruc-
tured products were optimized and set on the basis
of preliminary sensory analysis (data not shown).
Before preparation of products, chitosan was dis-
solved in known volume of 1% acetic acid solution
and was added to surimi. Ingredients were mixed
using a silent cutter (SCHARFFEN, Germany). The
mixture was kept under refrigeration (2-3°C) for 20
min for setting. Then it was spread (1.5 cm thickness)
on an aluminium tray (30 x 30 cm) smeared with
little oil to avoid sticking and steam cooked for 30
min. The cooked mincewas cooled and cut into
square shapes (size; 3 x 3 cm;). After battering and
breading, five to six pieces weighing 100 +5 g were
packed in high impact polypropylene (HIPP) trays
(size: 12.5 cm x 8.5 cm x 2.5 cm) of 0.88 mm thickness
(KL Thermoformers, New Delhi, India). The trays
were sealed using tray sealer (Vac-Star: Model no.
S220 MP, Switzerland) and stored in chilled
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condition (2°C). Formulations C1 & C2 served as
control. Samples were drawn at regular intervals
and were evaluated for their biochemical, microbio-
logical and sensory characteristics.

Proximate composition was analyzed by the method
of AOAC (2005). pH of homogenized samples was
measured using a calibrated glass electrode pH
meter (Cyberscan 510; Eutech Instruments,
Singapore). Total volatile base nitrogen (TVB-N) was
determined by Conway micro-diffusion method
(Conway, 1950). Free fatty acid (FFA) and peroxide
value (PV) was evaluated according to AOAC (2005)
method. Thiobarbituric acid (TBA) value was
determined as described by Tarladgis et al. (1960).
Fatty acid composition was determined by the
method of AOAC (2005).

Total plate count and Staphylococcus aureus count
were determined by the method of FAO (1992).
Enterobacteriaceae and Escherichia coli were evalu-
ated according to BAM (2002). Enterococci were
estimated by the method of Koutsoumanis &
Nychas (1999).

Sensory analysis of restructured products was done
by six trained panelists of Fish Processing Division
of ICAR-CIFT, Cochin. The restructured products
were fried for 3 min and cooled for 2 min before
serving to the panellists.. The panellists were asked
to assign a score of 1-9 as prescribed by Meilgaard
et al. (1999). The sensory attributes evaluated were
appearance, colour, flavour, taste and overall accept-
ability. A high score (9-7) was given to the product
with no off-odours, a score 5 to fish with a flat and
neutral odor and scores below 5 to fish with off-
odors. An overall acceptability score of below 5
corresponded to unacceptable quality.

The data obtained were analyzed by running one
way analysis of variance (ANOVA) using statistical

Table 1. Ingredient compositions used for the preparation of restructured products

Treatment Mince (g) Salt (g) Sodium Tri Corn starch Chitosan
Polyphosphate (g) (8) (8)

C1 100 1 0.25 4.0 -

Cc2 100 1 0.25 - -

T1 100 1 0.25 - 0.75

T2 100 1 0.25 4.0 0.75

Where, C1 & C2- Control; T1 & T2 - Chitosan incorporated
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package for social science (SPSS) software version
16.0. (SPSS Inc, Chicago, Illinois, USA). All mean
separations were carried out by Duncan multiple
range test using the significance level of 95%
(p<0.05).

Results and Discussion

In the present study, pangasius fish mince had
77.96+0.12% moisture, 16.58+0.35% protein, 2.59+0.1%
lipid and 1.5£1.2% ash on a wet weight basis. The
results from the study are in agreement with similar
results observed for fresh pangasius fish muscle
(Orban et al., 2008; Viji, et al., 2014). Fatty acid
profile revealed that, higher percentage of fatty
acids present in the pangasius fish mince were
saturated fatty acids (42.57%) followed by
monounsaturated fatty acids (40.11%) and polyun-
saturated fatty acids (17.45%) (Table 2) which was
similar to that observed by Men et al. (2005) for
pangasius fish meat.

Chitosan prepared in this study had 8.45+32%
moisture, 0.82+0.05% protein and 0.86+0.06% ash.
Colour of chitosan showed L* a* and b* values of
77.43+0.30, 1.96 +0.04, 18.81+0.15 respectively. The
degree of deacetylation, which is one of the
important properties of chitosan, deciding its
application (Baxter et al. 1992), was found to be 90%.
These results indicate that the chitosan prepared
from the shell of Metapenaeus dobsoni confirms to the
standards of food grade chitosan (Dayong, 2012).

In general, the moisture content of all the samples
showed an increasing trend during chilled storage.
Rathod & Pagarkar (2013) also observed slight
variation in moisture content of fish cutlet stored at
refrigerated condition. In the present study, pH of
restructured products showed an increasing trend
during storage (Table 3). Binsi et al. (2007) reported
that increase in pH during storage may be due to
the production of amines and other volatile bases
by the autolytic and microbial action on protein and
other compounds. It was observed that pH was less
in T1 (6.20-6.59) and T2 (6.11-6.52) samples than C1
(6.30- 6.68) and C2 (6.32-6.62) samples whichmay be
due to the incorporation of chitosan (which is pre
dissolved in 1% acetic acid) in T1 and T2 sample.

Total volatile base nitrogen content has been
traditionally used as a quality indicator of fish and
fishery products stored in ice. In the present study,
total volatile base nitrogen (TVB-N) showed increas-
ing trend and was found to be higher in C2 (1.12

Table 2. Fatty acid compositions of pangasius
(Pangasianodon hypophthalmus) fish mince

Fatty acid Peak Area (%)
C 6:0 0.22
C 80 0.13
C 10:0 0.21
C 11:0 0.30
C 12:0 2.12
C 14:0 2.46
C 16:0 26.5
C 17:0 0.80
C 18:0 4.50
C 20:0 0.12
C 21:0 2.15
C 23:0 1.64
C 240 142
X SAFA 42.57
C 16:1 2.25
C 171 0.14
C 18:1 29.68
C 20:1 4.33
C 221 1.12
C 241 2.59
X MUFA 40.11
C 182 8.08
C 18:3 0.75
C 20:2 0.36
C 20:3 4.88
C 20:4 0.38
C 20:5 0.74
C 224 1.50
C 22:6 0.76
¥ PUFA 17.45

- 125 mg 100 g!) and C1 (1.0 - 11.9 mg 100 g)
samples than the chitosan incorporated (T1 and T2)
samples (6.5- 7.5 mg 100 g™!) during storage (Fig 1.).
The increase in TVB-N during storage is a conse-
quence of liberation of basic compounds by micro-
bial activity on protein and non-protein nitrogenous
compounds (Ninan et al. 2008; Viji et al., 2014). Fan
et al. (2009) observed reduction of the TVB-N values
in chitosan coated silver carp. They also reported
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Table 3. Changes in moisture and pH of restructured products during chilled storage
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Parameter/ Treatment 0 3 6 9 12 17

days

Moisture(%) C1 59.20+0.2b 59.94+0.2¢ 60.74+0.2¢ 60.67+0.30¢ 60.20+0.204 58.49+0.552
C2 61.80+0.15¢ 60.37+0.3P 60.62+0.20¢ 60.26+0.252 60.66+0.104 63.88+0.45"
T1 61.69+0.20¢ 60.11+0.12 63.17+0.15¢ 61.19+0.20P 62.26+0.154 64.55+0.65"
T2 61.99+0.10P 60.97+0.322 63.78+0.10¢ 61.68+0.15P 62.10+0.12° 60.67+0.42°

pH C1 6.30+0.05° 6.33+0.042 6.42+0.01° 6.48+0.05¢ 6.59+0.024 6.62+0.02¢
C2 6.32+0.07° 6.41+0.02° 6.44+0.05¢ 6.57+0.024 6.64+0.014 6.68+0.03¢
T1 6.20+0.022 6.37+0.01P 6.44+0.04¢ 6.48+0.034 6.51+0.02¢ 6.59+0.05f
T2 6.11 +0.012 6.16+0.02° 6.22+0.02¢ 6.39+0.024 6.44+0.05¢ 6.52+0.01f

Results are mean + SD; (n = 3); Values within a row with different superscript letters are significantly (p<0.05) different.

Cl & C2- Control; T1 & T2- Chitosan incorporated

that reduction in TVB-N values of samples might be
on account of chitosan incorporation which also
resulted in a reduction of the bacterial population
and a decreased capacity of bacteria for oxidative
deamination of non-protein nitrogen compounds.
The TVB-N value of <20 mg N 100 g! sample was
considered fresh, < 30 mg N 100 g sample was
acceptable and >40 mg N 100 g!' sample was not
suitable for consumption (Mendes et al., 2005). A
rejection limit of 25 mg N100 g™ has been proposed
for fresh water fish (Gimenez et al., 2002). In the
present study, none of the samples crossed the
rejection limit during chilled storage.

Free fatty acid (FFA) value of restructured fish
products showed an increasing trend from 0.02 to
4.5% of oleic acid (Fig 2.) which indicated that lipid
hydrolysis continued even at low temperatures. The
formation of FFA proceeds during storage is prob-
ably due to the action of lipases and phospholipases
(Aubourg et al., 2010). Peroxide value showed an
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Fig. 1. Changes in TVB-N values of restructured prod-
ucts during chilled storange

increasing trend during storage (Fig. 3) which was
similar to results obtained by Ninan et al. (2008).
However, C2 samples exhibited higher peroxide
value. It may be due to ingredient composition i.e
C2 sample had only salt and STPP along with fish
mince. It was observed that restructured products
prepared with chitosan had less peroxide value (T1
- 2.58 milliequivalent O, Kg; T2 - 2.45 milliequiva-
lent O, Kg™) than control (C1 - 3.25 milliequivalent
O, Kg''; C2 - 5.1 milliequivalent O, Kg!) samples on
17t day. Kamil et al. (2002) reported that chitosan
possess antioxidant and antibacterial capacity and it
may retard lipid oxidation and inhibit the growth of
spoilage bacteria in meat during storage. A steady
increase in the TBA value (0.82 to 3.74 mg
malonaldehyde kg!) was observed during chilled
storage (Fig. 4). The maximum TBA value that
indicates the good quality of the fish frozen, chilled
or stored with ice is 5 mg malonaldehyde kg™
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Fig. 2. Changes in FFA values of restructured products
during chilled storange
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Fig. 3. Changes in peroxide values (PV) of restructured
products during chilled storange

o~
&~ o,

1:,335

TS

T 3

oF

5%25 —-C1

gg 2 -=C2

8% T

< -T2
=)

’_§,1

o
o o

Storage days

Fig. 4. Changes in thiobarbituric acid (TBA) values of
restructured products during chilled storange

Further, the fish can be consumed if the TBA value
is up to a level of 8 mg malonaldehyde kg
(Adenike, 2014). In the present study, chitosan
treated sample (T1 & T2) showed less TBA value
(1.38-1.42 mg malonaldehyde kg) than C1 (3.52 mg
malonaldehyde kg™') and C2 (3.74 mg malonaldehyde
kg!) samples. Chitosan may retard lipid oxidation
by chelating ferrous ions present in the system, thus
eliminating their per oxidant activity or their
conversion to ferric ion (Xue et al., 1998). Park et al.
(2004) reported that chitosan with higher degree of
deacetylation have the highest antioxidant activity.
The chitosan used in the present study had a high
degree of deacetylation (90%) and effectively re-
tarded the lipid oxidation.

The initial total bacterial counts in C1 and C2
samples were 5.38 log cfu gland 5.35 log cfu g’
respectively. On further storage, the count continued
to increase gradually and reached a level of 7.32
and 7.65 log cfu g respectively on 9t day (Fig. 5).
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Fig. 5. Changes in total bacterial count of restructured
products during chilled storange

A 7 log cfu g! is considered as acceptable limit for
restructured fish product (Jay, 1996). It was observed
that C1 and C2 samples crossed the acceptable limit
on 9% day, while, T1 (7.65 log cfu g) and T2 (7.25
log cfu g) samples crossed the limit on 17" day.
Results indicated that the changes in total bacterial
counts were significantly (p<0.05) higher for control
(C1 & (C2) compared to chitosan-incorporated
samples. Several authors reported that antimicrobial
activity of chitosan is due to disruption of the
lipopolysaccharide layer of the outer membrane of
gram-negative bacteria and to its function as a
barrier against oxygen transfer (Kanatt et al., 2013;
Jeon et al., 2002). Qin et al. (2006) reported that
chitosan with low and medium molecular weight
and high degree of deacetylation of over 80% is able
to suppress the growth of both gram-positive and
gram-negative bacteria. The reduced microbial
growth in chitosan-incorporated product in the
present study could be attributed to the high degree
of deacetylation (90%). In the present study,
Enterobacteriaceae, E. coli, S. aureus and enterococci
were not detected in any ofthe products (C1, C2,
T1 & T2).

Sensory evaluation results showed good appear-
ance of the products was good throughout storage.
All the products had an overall acceptablity score
of 6.5 to 8.0 up to 6" day. There was a decreasing
trend in overall acceptability after 6™ day (Fig. 6).
Further, products prepared without chitosan (C1 &
C2) had an overall acceptability score of 3.8 - 4.1 due
to off- odour on 9™ day and were rejected. This may
be due to formation of some volatile low molecular
weight compounds, lipid oxidation and protein
degradation during storage (Pawar, 2011). However,
the deterioration was slow for chitosan-incorpo-
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Fig. 6. Changes in overall acceptability of restructured
products during chilled storange

rated samples compared to control. Chitosan incor-
poration showed a significant effect on all the
attributes (p < 0.05) and the products were on 17
day with the sensory score of 3.8 and 4.1. Mohan
et al. (2012) observed similar results for chitosan
coated sardine fillets. Results indicated that there
was significant difference (p < 0.05) in overall
acceptability of T2 and T3 samples. In T2 sample
corn flour was not added which resulted in product
juiciness and reduced the score of over all accept-
ability of the product.

It can be concluded that products coated with
chitosan showed reduced lipid oxidation and
extended shelf life of products chilled storage.
Sensory and microbiological analysis revealed that
products prepared without chitosan was acceptable
up to 6 days and was rejected on 9" day, whereas
chitosan incorporated products were acceptable up
to 12" day and was rejected on 17" day. However,
products prepared with chitosan and corn starch
showed higher overall acceptability (T2) than
products with chitosan only (T1). Further investiga-
tions are required to determine the changes in
textural properties of the products during chilled
storage. Results from the study, indicate the possible
application of chitosan as an additive to fish mince
based food systems as a natural ingredient to
prevent lipid oxidation and extend shelf life of the
products.
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