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Abstract

Vacuum packaging (VP) and modified atmosphere packaging (MAP) have become
effective fish packaging technologies commonly practised to store and showcase
refrigerated fish and fish products. On that note, this study was carried out to assess the
quality and shelf-life of prepared ready-to-cook (RTC) Tilapia fish (Oreochromis
niloticus) curry by biochemical and microbiological analysis under unsealed packaging
(control), VP, MAP-1 (50% CO, and 50% N,), and MAP-2 (50% CO, and 50% O,) at
every 4 days interval for 20 days at 4°C. For all treatments, the pH of Tilapia curry varied
between 5.97 and 6.52. During the course of the storage period, the total volatile base
nitrogen (TVB-N) steadily increased. However, there was no significant variation
(p>0.05) in pH and TVB-N readings between the four packaging forms on any of the
storage days. During the 20-day storage, thiobarbituric acid reactive substances (TBARS)
ranged from 0.07 to 1.28 mg malonaldehyde/kg. All treatments showed permissible limits
of pH, TVB-N and TBARS values during the storage period. On the other hand, the initial
total viable count (TVC) was 4.22 log CFU/g and then gradually increased with time for
all packaging conditions. When compared to the control packaging sample, significantly
(p<0.05) lower TVC was seen on the 12" and 16™ day of storage in all packaging
situations. Based on the TVC of 7 log CFU/g as an acceptable limit, the shelf-life of
different packaging was estimated to be 11 days for unsealed packs (control), 14 days for
VP, 16 days for MAP-2, and 19 days for MAP-1. Therefore, MAP-1 with 50% CO, and
50% N, showed the highest shelf life, which can be used in superstores to preserve and
display RTC Tilapia fish curry.

1. Introduction

Food preferences have been changed based on social
and economic context. Particularly, city-dwellers seek
ready-to-cook (RTC) or semi-prepared foods in order to
save time due to their busy lifestyle. Besides, busy
mothers also want to spend less time on food
preparation, especially cooking raw fish. Although there
is a high demand for ready-to-cook fish, there is not
such food in
supermarkets. In most cases, fish tend to be sold in the
market as whole fish without proper storage, and there
are difficulties in finding facilities for proper display.
Because of this, a lot of raw fish suffer quality
degradation while being sold (Hossain et al., 2013). In
addition, the use of hazardous substances such as
formalin incorporated in fish by some dishonest traders

enough supply of
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was evidenced to display the fish as fresh visually
(Yeasmin et al., 2010). Recently, many retail superstores
in Bangladesh started to sell raw fish as a whole or as
fillets and/or steaks under chilling conditions. However,
only chilling is not enough to maintain the quality of fish
for a longer period of time. Now, many retail superstores
sell RTC meat products with normal packaging at
refrigerated storage, which includes marinated and
breaded products. Importantly, the shelf life of those
products is also not satisfactory. Therefore, finding a
suitable way to increase the shelf life of fish with proper
display facilities is urgently needed.

Bangladeshi

Tilapia is a lean type of fish with white, odourless
flesh, so it might be a great option to create fish products
that are ready-to-cook or serve (Dhanapal et al., 2010).
Fish curry is a very popular item in the cuisine of the

eISSN: 2550-2166 / © 2026 The Authors.
Published by Rynnye Lyan Resources


https://orcid.org/0009-0004-4318-9162
https://orcid.org/0009-0007-1747-5060
https://orcid.org/0009-0001-9980-3254
https://orcid.org/0000-0002-4649-4179
https://orcid.org/0000-0002-3674-391X
https://orcid.org/0000-0003-1623-5210
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

363

Indian subcontinent. Several scientists attempted to
prepare fish curries as ready-to-serve by using sous vide
and retortable packaging (Gopal ef al., 2001; Dhanapal et
al., 2010; Shakila et al., 2012). However, no study has
been found on Tilapia fish curry with modified
atmosphere packaging at chilled storage.

Vacuum packaging (VP) and modified atmosphere
packaging (MAP) are popular packaging methods
practised in developed countries for showcasing various
chilled fish and meat products. The shelf-life of fish
fillets at chilled temperatures has been claimed to be
extended by 25-400% via MAP technology (DeWitt and
Oliveira, 2016). This kind of packaging technique has
not been developed yet for raw fish and fish products in
developing countries like Bangladesh. Therefore, the
development of proper vacuum and MAP packaging
techniques is required to reduce the qualitative and
quantitative losses of fish. The objective of this study
was to develop an appropriate vacuum and MAP
technique for RTC Tilapia fish to increase the quality
and shelf-life of fish in the market, which can be stored
with proper display facilities.

2. Materials and methods
2.1 Sample collection

Tilapia fish (Oreochromis niloticus) weighing
0.8+0.1 kg were purchased from the local fish market,
Shaheb Bazaar at Rajshahi. The samples were carried in
a live state to the Quality Control Laboratory at the
Department of Fisheries, University of Rajshahi,
Bangladesh.

2.2 Preparation of ready-to-cook tilapia fish curry

Before being used in the lab, the caught fish was
properly washed under running tap water to remove any
dirt from the skin surface. Fish were then killed by
chopping off sections of their heads after being shocked
by a percussion technique (Lines and Spence, 2012). The
fish was then dressed before being chopped into small
pieces (about 70 g) with a sharp knife. The pieces were
then given a final wash with distilled water after being
cleaned three more times with tap water. A variety of
spices and ingredients, including red chilli powder (1
tsp), garlic paste (1 tsp), ginger paste (1% tsp), turmeric
powder (%4 tsp), coriander powder (1 g), cumin powder
(Y2 tsp), lemon juice (Y2 tsp) and salt (1 tsp) were taken in
a bowl and made into a paste. To create a smooth paste, a
small amount of water was then added. The paste was
then applied to all the exposed areas of fish pieces and
finally kept after wrapping with plastic in a refrigerator
(BXC-V360M, Biobase, China) for 20 min. The fish
curry preparation method is described in a flowchart
(Figure 1). These RTC fish curries were then ready for
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packaging and subsequent refrigerated storage.

*Ingredients and spices
were mixed to prepare
paste

Fishes were beheaded,
and dressed

Sliced into small pieces
(total weight 1 kg)

v

The bowl was wrapped
and kept at a
refrigerator for 20 min

RTC Fish curry is ready
for packaging and
storage

Fish pieces were rubbed
with the paste in a bowl!

Figure 1. Flow chart showing the preparation process of RTC
tilapia curry.

2.3 Packaging and storage of fish curry

Plastic pouches with low gas and low moisture
permeability were used to pack RTC fish curry (about
100 g) under VP and MAP conditions. The packaging
utilized for this study consisted of multilayer transparent
pouches (PE/PA/PE) with a density of 100 pm.
According to Alice et al. (2020), the packaging was done
with different gas ratios by a packaging machine (C100,
Multivac, Germany) attached to a Gas Mixer (KM100-3
MEM, WITT, Germany). A gas analyzer (Oxybaby M+,
WITT, Germany) was used to measure the amounts of
N3, O, and CO; in the headspace of the packed samples.
As treatments, four forms of packaging were used,
including (a) aerobic, unsealed pack as control; (b)
vacuum pack (VP) as treatment 1; (c) MAP 1 (50% CO,
and 50% N,) as treatment 2 and (d) MAP 2 (50% CO,
and 50% O,) as treatment 3. All of the packed samples
were kept at 4°C in a refrigerator (BXC-V360M,
Biobase, China). During 20 days of refrigeration,
triplicate samples were examined by biochemical and
microbiological examination at intervals of four days.

2.4 Biochemical and microbiological analysis
2.4.1 pH

pH was measured according to the Binsi et al. (2015)
method, where 10 g of sliced fish flesh was mixed with
50 mL of distilled water, and then the homogenate's pH
was measured using a pH meter (HI2002, Hanna
Instruments, USA).

2.4.2 Total volatile base nitrogen

Total volatile base nitrogen (TVB-N) was measured
utilizing the European Commission (EC) (2005) method.
Ten (10) g of ground fish was mixed with 90 mL of 6%
perchloric acid, homogenised for 2 min with a blender
(Bajaj, India), and filtered. In a Kjeldahl flask, 50 mL of
extract was mixed with 8-10 drops of phenolphthalein
indicator. After placing the flask on the distillation
apparatus, glass beads were added, and 6.5 mL or more
of 20% NaOH was added as needed. Then steam
distillation began instantly. The steam distillation
managed to generate 100 mL of distillate in 10 min. The
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outflow tube was submerged in the receiver with 100 mL
of 3% boric acid solution and 3-5 drops of the mixed
indicator. Titration with 0.01 (N) HCI determined the
receiver solution's volatile bases. The final pH should be
5.0+0.1. The TVB-N value was calculated using the
following equation:

WV, — V) x 0.14 x 2 x 100
M

TVB — N (mg/100g sample) = {

Where, V| = Volume of 0.01 (N) HCI in mL for
sample; Vo = Volume of 0.01 (N) HCI in mL for blank;
M = Weight of sample in g.

2.4.3 Thiobarbituric acid reactive substances

TBARS was measured according to Park et al.
(2007). To homogenise the sampled fish, 20 g was mixed
with 50 mL of 20% trichloroacetic acid in 2M
phosphoric acid at 10,000xg for 2 min. The slurry was
homogenised and filtered through Whatman no. 1 after
being diluted to 100 mL with HPLC-grade water. After 5
mL of filtrate in a test tube, 5 mL of 2-thiobarbituric acid
(0.005 M in HPLC-grade water) was added. After
shaking, the test tube was left at room temperature for 15
h in the dark. At 530 nm, a UV-visible
spectrophotometer (UV-1601, Shimadzu, Japan) detected
reactive compounds. TBARS was calculated: TBARS
value (mg malonaldehyde/kg) = OD x5.2.

2.4.4 Total viable count

TVC represented by colony-forming units (CFU/g)
was measured on plate count agar (Sigma-Aldrich, USA)
using the pour plate method in accordance with the
decimal dilution technique by the FDA method (Maturin
and Peeler, 2001). For this purpose, 25 g of packaged
fish curry sample was aseptically transferred to a sterile
stomacher bag, and 225 mL of sterile peptone
physiological salt solution (PPS) was added. This
suspension was homogenized for 30 seconds by a
stomacher (SJIA-04C, Led Techno, China). Thus, a 10’
dilution sample was obtained. After that, 1 mL of the
sample was transferred to a test tube containing 9 mL of
PPS and vortexed thoroughly to create a 107 sample.
Further decimal dilutions were made similarly to reach
the desired concentration. Then, 1 mL of diluted and
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vortexed sample was transferred to an empty plate using
a micropipette. Approximately 15 mL of the prepared
warm plate count agar (cooled at 45+1°C in the water
bath) was carefully poured onto the plates. For each
circumstance, a minimum of three dilutions (such as 102,
103, and 10™) were specified, and two plates were
inoculated from each dilution. All of these activities
were performed inside a laminar airflow cabinet
(Biobase BBS-V1300, China). After solidifying the agar,
the plates were incubated at 35°C in an incubator
(Poleko, Poland) for 48+2 h. Afterwards, the colonies
were developed, and only the plates containing 30-300
colonies were counted using a colony counter
(Labotronics, India). Logarithmic representations of
bacterial numbers were used.

2.5 Statistical analysis

All values were expressed as mean+SD. One-way
ANOVA with the Tukey test was performed by SPSS
version 20 to estimate differences between treatments.
When p<0.05, the mean value was deemed to be
significantly different.

3. Results
3.1 pH value

The initial pH of RTC Tilapia curry used in this
investigation was 6.41 and subsequently dropped until
the fourth day of storage for the unsealed and MAP-1
pack and until the 8" day for VP and MAP-2. However, a
rising trend for all samples was seen from the 8" to the
12" day of storage (Table 1). The pH value of all
samples was between 5.97 and 6.52 during the storage
period.

3.2 Total volatile base nitrogen value

The initial TVB-N value of Tilapia curry in the
current investigation was 2.24 mg/100 g, while the
highest value was 8.12 mg/100 g, found in the MAP-1
sample on the 20™ day of storage. Throughout the
storage period, TVB-N levels gradually rose over time in
all packaging situations (Table 2). In the current
investigation, there was no significant variation (p>0.05)
in TVB-N readings between the four packaging settings

Table 1. pH value of ready-to-cook (RTC) tilapia fish curry under vacuum and MAP packaging conditions during refrigerated

storage (4°C).
Treatments Storage period (days)
0 4 8 12 16 20
Unsealed pack (control) 6.41+£0.10°  5.97£0.04*  6.30+0.28"  6.52+0.02°  6.47+0.05° -
Vacuum pack 6.41+0.10°  6.28+0.16*  6.15+0.21*  6.31+0.00° 6.11+0.18*  6.15+0.11°
MAP-1 (50% CO,and 50% N,)  6.41+0.10*  6.04+0.23*  6.15+0.11*  6.41+0.08"  6.05+0.22°  6.47+0.05"
MAP-2 (50% CO,and 50% O,)  6.41+0.10*  6.26+0.11*  6.07+0.06° 6.27+0.16°  6.23+0.09°  6.11+0.06°

Values are presented as mean+SD (n = 3). Values with different superscripts in the same column are statistically significantly

different (p<0.05).
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Table 2. Total volatile basic nitrogen (TVB-N) value (mg/100 g) of ready-to-cook (RTC) tilapia fish curry under vacuum and

MAP packaging conditions at refrigerated storage (4°C).

Storage period (days)
Treatments 0 1 2 2 6 20
Unsealed pack (control) 2.24+0.40*  3.92+0.40"  5.74+0.59*  6.16+0.79°  7.42+0.59°
Vacuum pack 2.24+0.40"°  4.34+0.20° 4.90+0.20°  5.18+£0.59"  5.46+0.59°  7.45+0.16"
MAP-1 (50% CO,and 50% N,)  2.24+0.40"  4.76+0.40"°  5.46+0.99*°  5.74+0.99° 5.88+0.40° 8.12+0.79°
MAP-2 (50% CO,and 50% O,)  2.24+0.40"  5.32+0.40"  6.02+0.20"  6.44+1.58*  7.00+£0.40"  7.42+0.20"

Values are presented as mean+SD (n = 3). Values with different superscripts in the same column are statistically significantly

different (p<0.05).

on any of the storage days. VP and MAP-1 samples have
lower TVB-N readings than other samples during the
storage period. Over the course of the storage period,
TVB-N readings of all treatments fell below the
permissible range (Table 2).

3.3 Thiobarbituric acid reactive substances value

In this investigation, the initial TBARS measurement
was 0.15 mg MDA/kg of RTC Tilapia curry. The range
of the TBARS levels was 0.07-1.28 mg MDA/kg in all
packaging forms. Throughout the storage period, the
TBARS levels gradually increased with time in all
packaging situations. However, a sharp increase was
observed on and after the 8" day of storage in the control
and MAP-2 samples (Table 3). On and after the 8" day
of storage, TBARS values of all samples were found to
be significantly (p<0.05) lower than those of the MAP-2
sample. However, on the 12" day of storage, vacuum
and MAP-1 samples had considerably (p<0.05) lower
TBARS values than the control sample (Table 3). In the
current analysis, samples of all packaging had TBARS
values that were under the permissible limit (2 mg MDA/
kg) (Table 3).

3.4 Total viable count

In the current investigation, for all packaging
settings, the total viable count (TVC) gradually increased
over the course of the storage period. However, until the
8™ day of storage, no significant variation was seen for
any of the treatments. In contrast, when compared to the
control packaging sample, lesser TVC was seen on the
12™ and 16™ days of storage in all packaging situations
(Table 4). In this investigation, the best performance was
evident in MAP-1 (50% CO; and 50% N,) packaging
due to decreased bacterial count compared to other
packaging during 20-day storage.

4. Discussion

The quality as well as shelf life of fish and fish
products are determined by different biochemical and
microbiological parameters. The determination of the
muscle pH is one of the biochemical methods used to
assess the freshness of fish and fish products. In this
case, the acceptable pH ranges between 6.8~7.0 after
postmortem changes in fish (Metin et al., 2001). The
surface reaction of CO, with water to generate carbonic
acid, which causes the fillets to become acidic, can be

Table 3. Thiobarbituric acid reactive substances (TBARS) value (mg malonaldehyde/kg) of ready-to-cook (RTC) tilapia fish
curry under vacuum and MAP packaging conditions at refrigerated storage (4°C).

Storage period (days)
Treatments 0 7 3 B 16 20
Unsealed pack (control) 0.15£0.02*  0.21£0.09*  0.14+0.01*  0.65+0.06°  0.69+0.07° -
Vacuum pack 0.15£0.02*  0.07+£0.04*  0.14+0.00*  0.22+£0.05*  0.28+0.01*  0.39+0.04*
MAP-1 (50% CO,and 50% N,)  0.15+0.02*  0.11+0.10*  0.14+0.01*  0.36+0.04*  0.36+0.09*°  0.37+0.01°
MAP-2 (50% CO,and 50% O,)  0.15+0.02*  0.22+0.11°  0.23+0.01°  1.26+0.07° 1.21+0.13° 1.28+0.18"

Values are presented as mean+SD (n = 3). Values with different superscripts in the same column are statistically significantly

different (p<0.05).

Table 4. Total viable count (TVC) (Log CFU/g) of ready-to-cook (RTC) tilapia fish curry under vacuum and MAP packaging

conditions at refrigerated storage (4°C).

Storage period (days)
Treatments 0 n 3 B 16 20
Unsealed pack (control) 422+0.04°  5.09+0.07°  5.78+0.15*  7.51+0.18"  8.50+0.09°
Vacuum pack 422+0.04°  527+021*°  5.63£0.10°  6.03£0.13*  7.01£0.16®  8.05+0.35®
MAP-1 (50% COjand 50% N;)  4.22+0.04®  5.28+0.11*  5.78+0.15*  6.18+0.28"  6.48+0.22"  7.17+0.07"
MAP-2 (50% CO,and 50% O,)  4.22+0.04*  5.39+£0.06°  6.03£0.21°  6.60+0.11°  7.28+0.14°  8.20+0.17"

Values are presented as mean+SD (n = 3). Values with different superscripts in the same column are statistically significantly

different (p<0.05).
https://doi.org/10.26656/fr.2017.10(3).086-4
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used to explain the pH decline (Banks et al., 1980). In
contrast, previous studies reported that the consequent
increase of pH value at a later stage of storage was
usually associated with the production of compounds
like dimethylamine, trimethylamine, ammonia, and other
biogenic amines, and also due to microbial spoilage
(Goulas and Kontominas, 2007; Fan et al., 2008). Even
though there was variation in pH values among the
samples, no changes that could be considered significant
(p>0.05) for any packaging forms during the 20 days of
storage (Table 1). These pH values fall within the
permissible range in all samples during the entire
storage.

Ammonia (NHj3), dimethylamine (DMA), and
trimethylamine (TMA) are collectively referred to as
TVB-N in fish. In most cases, assessing changes in TVB
-N content during storage is used to assess the chemical
deterioration in fish muscle (Wu and Bechtel, 2008). In
that case, the permissible limit of TVB-N for fish and
fish products is set as 30-35 mg/100 g, according to
Connell (1995).

There has been a rise in bacterial growth and several
endogenous enzymes over the storage period, which has
led to a progressive increase in TVB-N value (Ruiz-
Capillas and Moral, 2001; Islami et al., 2015). This result
1s consistent with earlier research, in which increased
TVB-N values of MAP seafood were linked to quality
deterioration; however, the levels towards the end of the
product's shelf-life were not consistently below the
permitted range (Ozogul et al., 2004; Nayma et al,
2020). During storage at 4°C for RTC pangas
(Pangasianodon hypophthalmus) curry in the unsealed
pack (control), MAP with 50% CO, and 50% N, and
MAP with 75% CO,and 25%N,, TVB-N values were
similarly within permissible limits (Nayma et al., 2020).
Others have revealed that items with MAP produce
considerably less volatile chemicals than those with air
packs, which tends to support the results of the present
study (Wang et al., 2008; Yesudhason et al., 2014).

TBARS levels are frequently used to gauge the
degree of lipid oxidation. The main purpose of it is to
measure  secondary  lipid  oxidative  products,
malonaldehyde (MDA), which is produced by the
breakdown of unsaturated fatty acids (Abeyrathne et al.,
2021). The permissible value of TBARS is 2 mg MDA/
kg of fish. In excess of this, fish have an unpleasant
odour and flavour (Connell, 1990). This initial reading
was almost identical to the initial TBARS reading for
RTC Pangas curry, which was 0.14 mg MDA/kg (Nayma
et al., 2020). In comparison to other samples, the MAP-2
(with 50% O,) sample exhibits a higher degree of
secondary lipid oxidation, which can be the cause of the
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higher TBARS readings. O,-rich MAP packaging may
experience oxidative rancidity, which is brought on by
the oxidation of PUFAs. Without changing the odorous
molecules, the O,reacts with the fatty acids to form
hydroperoxide, an oxidative product (Church, 1998).
Arashisar et al. (2004) also found similar results in
rainbow trout fillets packaged with 30% O, as compared
to the MAP with no oxygen. However, because
malonaldehyde can interact with other chemicals in fish
muscle, the TBARS measurement could not accurately
reflect the level of lipid oxidation (Aubourg, 1993).

The evaluation of a product's microbiological quality
and shelf-life depends heavily on the total viable
(bacterial) count. At the beginning of the study, the TVC
of the RTC Tilapia curry was 4.22 log CFU/g for all
packaging forms. However, higher TVC was observed
for RTC pangas fish curry (5.11 Log CFU/g) in a
previous study (Nayma et al, 2020). A similar
phenomenon was also observed for RTC pangas fish
curry conducted in a previous study (Nayma et al.,
2020). The International Commission on Microbiological
Specifications for Foods (ICMSF) (1986) states that the
upper allowable limit for fresh, frozen, and cold-smoked
fish is TVC values of 7 log CFU/g. During 20-day
storage, the TVC levels in this experiment exceeded the
permissible limit (7 Log CFU/g) on the 11™ day for the
unsealed pack, 16™ day for VP, 19" day for MAP-1, and
14™ day for MAP-2 sample (Figure 2). Thus, it is
established that the shelf-life of RTC Tilapia curry was
11 days for the unsealed pack, 14 days for VP, 19 days
for MAP-1 (50% CO, and 50% N,) and 16 days for
MAP-2 (50% CO, and 50% O,) samples. In a previous
study on RTC pangas curry, lower shelf-life (13 days)
was observed for MAP with 50% CO, and 50% N,
sample, while higher (15 days) for MAP with 75% CO,
and 25% N, sample (Nayma et al., 2020). Karim et al.
(2020) discovered in a different study that fresh tilapia
steaks had a shorter shelf life of 6-9 days for the control,
9-12 days for vacuum, 15 days for MAP-1, and 12 days

—e—Vacuum Packaging
—¥—MAP-2 (50% CO2 and 50% 02)

—e—Unsealed Pack (Control)
—a—MAP-1 (50% CO2 and 50% N2)

a ~ 00 v
o o o o
S S S S

TVC (Log CFU/g)

w
o
S

4.00
od 4d 8d 12d led 20d

Storage period (days)

Figure 2. Total viable count (TVC) (Log CFU/g) of ready-to-
cook (RTC) tilapia fish curry under vacuum and MAP
packaging conditions at refrigerated storage (4°C).
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for the MAP-2 sample at the same refrigerated storage.
The use of spices in fish curry might be the reason for
the higher shelf life compared to fresh fish.

In this study, vacuum packaging showed a higher
bacterial count than that of MAP-1 samples during the
refrigerated storage due to 50% CO, in MAP-1
packaging. Reddy et al. (1995) reported a higher shelf-
life of MAP (75% CO,and 25% N,) Tilapia fillets stored
at 4°C for more than 25 days of storage in a study of
similar nature. They explained this phenomenon in MA
packaging due to the high amount of carbon dioxide,
along with nitrogen. Cyprian et al. (2013) observed 23
days of shelf-life in the case of 50% CO,/50% N,-
packaged Tilapia fillets stored at 1°C, which is also
higher than that of the present study. This might happen
due to the lower storage temperature in their study.

In this investigation, the best performance was
evident in MAP-1 (50% CO; and 50% N,) packaging
due to decreased bacterial count compared to other
packaging during 20-day storage. Because MAP-1
packaging provides an anaerobic environment inside the
pack, aerobic bacterial development is suppressed, and
the shelf life is increased. CO,also has a bacteriostatic
effect. Removing oxygen from packaging also delays
oxidative rancidity (Farber, 1991).

5. Conclusion

The present study used modified atmosphere
packaging successfully to extend the shelf-life of RTC
fish curry at refrigerated temperature, which has been
used in developed countries for a while. Therefore, this
packaging technique can be used in our country to
extend the shelf life of fish and fish products. MAP with
50% CO,and 50% N, was revealed as the best packaging
technique to increase the shelf-life of RTC Tilapia curry,
which is recommended for the superstores to display fish
and fishery products with extended shelf-life. However,
further research is necessary to incorporate suitable gas
mixtures in order to improve various types of RTC and
ready-to-eat (RTE) products with extended shelf-life. This
will eventually increase the value, accessibility and
convenience of the fish and fish products.
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