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ABSTRACT

Knowledge of the changes of essential nutritional constituents (i.e. moisture,
protein, lipid, minerals, amino acid and fatty acid profile) of fish with sea-
sons is indispensable to estimate their energy value and to plan the most
appropriate industrial and commercial processing. This article reviewed
the nutritional constituents of 28 different fish species of Bangladesh and
other South Asian countries like India, Pakistan in three different seasons viz.
pre-monsoon (April-June), monsoon (August-October) and post-monsoon
(December-February). Available findings have shown that proximate com-
position, amino acid and fatty acid profile varied in accordance to changes
of the seasons. As the environmental factors including water temperature,
pH, salinity and food availability changes with the seasons, which in turn
influence the amino acid and fatty acid profile of fish in different season.
Moisture content known to vary in some fishes for maintaining osmoregu-
lation during migration. This phenomenon also largely affects the seasonal
variation of proximate composition of fish. In addition, age, size, sex, habitat,
breeding season and starvation during migration are also known to diverge
the nutritional composition of fish in different seasons. It is generally view
that fish utilizes lipid as energy source in different seasonal circumstances as
gonadal development, maturation, spawning or migration and there is an in-
verse relationship between lipid and moisture content. Protein, lipid, amino
acids and saturated fatty acid concentration were comparatively higher in
pre-monsoon and lower in post-monsoon, whereas monounsaturated fatty
acids and polyunsaturated fatty acids were higher in post-monsoon season
in many of the fishes; attributed to gonadal development of fish, when it mi-
grates a long way. Finally, this review might help to understand the changes
in nutritional values of some commercial fishes in various seasons and will
assist in identifying the proper fish harvesting period.

Keywords: Proximate composition, seasonal variation, freshwater and ma-
rine fish, South Asian countries

Cite this article: Rasul MG, Jahan I, Yuan C, Sarkar MSI, Bapary MAJ, Baten MA, Shah AKMA.
2021. Seasonal variation of nutritional constituents in fish of South Asian Countries: A review.
Fundamental and Applied Agriculture 6(2): 193–209. doi: 10.5455/faa.65131

http://dx.doi.org/10.5455/faa.65131
https://orcid.org/0000-0002-9057-6470
https://orcid.org/0000-0002-3763-7203
mailto:hasin96@yahoo.com
mailto:azad@bsmrau.edu.bd
10.5455/faa.65131
http://dx.doi.org/10.5455/faa.65131


Rasul et al. Fundam Appl Agric 6(2): 193–209, 2021 194

1 Introduction
South Asian countries (Bangladesh, India, Maldives,
Sri Lanka, Nepal, Bhutan and Pakistan) have many
rivers e.g. the Indus River, the Ganges River, the
Brahmaputra River etc., and marine waters e.g. the
Indian Ocean, the Arabian Sea. Since time immemo-
rial, fish are thus very important food item in com-
munities living in this region (Saylor Academy, 2012).
In Bangladesh, about 60% animal protein of diet is
acquired from fish (DoF, 2017). Now a day, the de-
mand for protein rich food is increasing, especially in
developing countries (Ghosh et al., 2012). In recent
years among animal protein-based food price hike in
chicken, beef and mutton is seen. Fish proteins are
rich in essential amino acids (EAA) (Abdullahi et al.,
2001; Sankar and Ramachandran, 2001; Ferdose and
Hossain, 1970; Samyal et al., 2011; Peng et al., 2013;
Mohanty et al., 2014) and has high biological value i.e.
easily digestible (Tilami and Sampels, 2017; Andrew,
2001; Nowsad, 2007).

The main beneficial health effects of eating fish
are linked to the long-chain polyunsaturated omega-3
fatty acids: eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA) which are very rare in plants
and land animals (Stansby, 1985). DHA is important
for the development of brain, nerves and eyes. Fish
PUFA significantly reduce cardiovascular diseases
and in many cases effective for cancer, inflammatory
diseases and mental and cognitive disorders (Nichols
et al., 2014). Fatty fish species are generally rich in
fat soluble vitamins such as vitamin D and vitamin
A. Among water soluble vitamins, the content of vi-
tamin B12 is particularly high. Fish also contribute
to meet up the requirement for essential minerals
and trace elements e.g. iodine, calcium, phosphorus,
potassium, iron, zinc, magnesium and copper (Geiger
and Borgstrom, 1962). The percentage of water in the
composition of fish is a good indicator of the relative
energy, protein and lipid content (Quazi et al., 1995;
Aberoumad and Pourshafi, 2010).

Over the last 20 years fish production in
Bangladesh has been increasing consistently. In 2019
Bangladesh produced 4.38 million metric ton fish,
which contributed 3.50% of total GDP, 25.71% of agri-
cultural GDP and earned USD 5.07 billion foreign
currency. Fisheries is the second largest export sec-
tor of Bangladesh (DoF, 2020). Bangladesh is the top
Hilsa (Tenualosa ilisha) producer in the world (DoF,
2020). In 2018, Bangladesh achieved 3rd place among
countries of inland capture, wherein India placed 2nd
(FAO, 2020). In respect of global marine capture fish-
eries, India was the 6th largest producer in 2018 (FAO,
2020). So, undoubtedly fish and fisheries are integral
part of nutrition, livelihood, life and culture in South
Asian countries.

Nutritional constituent i.e. proximate biochemical
composition of fish basically refers to crude protein,
lipid, moisture, ash content (%) of the fish. Principal

composition of fish is 16-21% protein, 0.2-25% fat, 1.2-
1.5% mineral, 66-81% water and 0-0.5% carbohydrate
(Paul et al., 2015a,b, 2017, 2018). The composition,
however, varies greatly from species to species and
also from individual to individual depending on fish-
ing ground, season, age, sex, reproductive status and
environment (Huss, 1988, 1995; Boran and Karacam,
2011; Binoy et al., 2012). The spawning cycle and
food supply are the main factors responsible for this
variation (Patton, 1975; Huss, 1988, 1995; Osako et al.,
2003). During periods of heavy feeding, the protein
content of muscle tissue increases slightly at first and
then the fat content might show a marked and rapid
increase. On the other hand, fish may have starvation
periods for natural or physiological reasons (spawn-
ing or migration) or because of external factors such
as shortage of food. In that case, fat content gradually
decreases and then a decline in protein may also be
seen (Huss, 1988, 1995). Therefore, to understand the
status of nutrient constituents in fish, it is important
to consider the change in proximate composition due
to change of season.

Our diet influences our health throughout our
entire life especially important in fetal, infant, child
and youth years. Because of health consciousness, the
modern-day man is interested in taking sea food more
in view of its nutritional superiority than all other
sources of food accessible. Proximate biochemical
composition of a species helps to assess its nutritional
and edible value in terms of energy units compared
to other species (Aberoumad and Pourshafi, 2010).

At this moment ‘Blue Economy’ is the most pro-
nounced term in fisheries science. Fish processing
and different value added product development from
fish is most important, easy way to go forward to
blue economy. In this case, it is important to know
about the effects of seasonal variation on the nutri-
tional constituents of fish for its maximum utilization
through various preservation and processing technol-
ogy (Silva and Chamul, 2000). In addition, informa-
tion of nutritional constituents that varies in different
seasons will also help the consumer, processor and
other related stakeholders to promote fish as healthy
food in human nutrition (Nargis, 1970). The objective
of this review is to comprehensively present seasonal
variation in nutrient constituent of some fresh and
marine water fishes of South Asian countries.

2 Seasonal variation of proximate
composition in fish

2.1 Freshwater fish

Proximate composition is quantitative analysis of a
mixture (as food) representing the percentage of com-
ponents. Fish is a widely accepted food commodity
because of its high palatability, low cholesterol, tender
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Table 1. Seasonal variation in proximate composition (%) of some freshwater fish

Particular Summer Autumn Winter

Small (<100g) Big (>100g) Small (<100g) Big (>100g) Small (<100g) Big (>100g)

Species: Labeo bata (Paul et al., 2019)
Moisture 70.95±1.29 71.73±0.29 74.01±0.6 75.05±0.38 74.09±0.4 73.19±0.86
Protein 18.27±1.01 16.28±0.89 14.84±0.2 16.76±0.33 14.32±0.2 16.27±0.56
Lipid 4.94±0.13 4.86±0.21 3.29±0.27 2.93±0.14 3.35±0.27 3.29±0.34
Ash 2.67±0.34 2.67±0.25 2.56±0.08 2.61±0.15 2.26±0.08 2.68±0.20

Species: Labeo calbasu (Paul et al., 2019)
Moisture 74.51±0.36 74.64±0.29 76.36±0.5 73.70±0.55 76.08±0.23 74.54±0.25
Protein 15.33±0.29 14.19±0.14 13.34±0.5 15.22±0.45 14.02±0.39 14.04±0.12
Lipid 2.69±0.21 2.62±0.17 2.32±0.28 3.41±0.26 3.38±0.28 3.02±0.12
Ash 2.30±0.05 2.19±0.04 1.80±0.12 2.12±0.10 2.29±0.07 2.40±0.05

Species: Cirrhinus reba (Paul et al., 2019)
Moisture 71.99±0.53 69.52±0.29 73.29±0.4 73.95±0.17 74.43±0.4 74.72±0.18
Protein 17.07±0.55 18.61±0.31 15.05±0.3 15.44±0.68 14.08±0.2 13.31±0.19
Lipid 3.07±0.15 3.14±0.44 3.95±0.34 4.42±0.83 5.15±0.48 6.79±0.34
Ash 2.56±0.07 3.19±0.07 2.24±0.05 2.46±0.10 2.24±0.06 2.22±0.06

Species: Puntius javanicus (Paul et al., 2019)
Moisture 73.80±1.06 72.78±0.65 77.28±0.2 73.73±0.53 75.27±0.4 65.75±1.10
Protein 14.72±0.60 15.33±0.34 13.09±0.2 15.21±0.33 13.90±0.2 17.14±0.87
Lipid 3.03±0.22 4.46±1.10 3.28±0.18 4.32±0.16 5.54±0.56 9.40±0.76
Ash 2.14±0.07 2.06±0.09 2.41±0.05 2.43±0.06 2.50±0.07 3.05±0.27

Species: Ompok bimaculatus (Paul et al., 2019)
Moisture 74.86±0.99 70.28±1.70 76.25±0.1 75.73±0.40 77.34±0.16 72.39±0.70
Protein 15.97±0.79 15.87±0.75 13.79±0.9 13.45±0.24 12.71±0.05 14.34±0.45
Lipid 3.02±0.36 6.64±0.38 4.44±0.26 3.63±0.21 3.02±0.18 4.20±0.23
Ash 1.82±0.07 2.45±0.12 1.78±0.07 2.09±0.08 2.50±0.20 2.32±0.08

Species: Mystus vittatus (Paul et al., 2019)
Moisture 70.00±0.76 70.03±0.32 74.18±0.9 71.60±0.53 73.70±0.45 72.71±0.92
Protein 19.19±0.45 18.36±0.27 13.89±0.4 14.50±0.28 14.29±0.22 14.95±0.35
Lipid 5.63±0.36 5.76±0.25 7.24±0.52 8.47±0.38 6.33±0.25 7.07±0.20
Ash 2.99±0.09 2.87±0.09 2.57±0.13 2.94±0.19 2.50±0.08 2.08±0.09

Species: Channa striata (Paul et al., 2019)
Moisture 75.68±0.58 74.66±0.34 76.76±0.3 75.06±0.38 76.67±0.22 77.19±0.35
Protein 15.61±0.58 14.95±0.27 14.11±0.5 16.95±0.72 13.43±0.19 12.85±0.2
Lipid 1.77±0.31 2.68±0.18 1.37±0.12 2.31±0.20 1.89±0.13 2.50±0.32
Ash 2.39±0.10 2.48±0.05 2.55±0.09 2.37±0.11 2.08±0.07 1.98±0.07

Species: Wallago attu (Paul et al., 2019)
Moisture 76.78±0.57 74.50±0.82 76.27±0.6 71.86±1.22 73.19±1.44 73.16±0.58
Protein 12.52±0.21 14.40±0.59 12.96±0.4 15.23±0.30 14.57±0.67 14.72±0.28
Lipid 3.49±0.09 4.13±0.41 3.58±0.23 3.61±0.35 4.11±0.78 2.91±0.09
Ash 2.13±0.06 1.81±0.09 1.94±0.04 1.91±0.12 1.82±0.21 2.09±0.14

Species: Pangasianodon hypophthalmus (Paul et al., 2019)
Moisture 64.53±0.68 72.59±0.66 67.47±1.35 74.07±0.44 74.88±0.66 68.77±0.9
Protein 17.42±0.22 14.39±0.42 17.83±0.77 14.25±0.19 13.03±0.38 16.16±0.5
Lipid 7.32±1.13 5.12±0.36 8.44±1.07 6.27±0.62 6.37±0.68 13.15±0.5
Ash 2.70±0.19 2.43±0.11 1.52±0.08 1.73±0.12 1.55±0.14 1.33±0.05

Species: Channa striata (Varghese and Mathew, 2016)
Moisture 77.74±0.63 73.43±0.85 72.82±0.97 73.04±0.59 72.83±0.95 75.98±.5
Protein 16.09±0.39 18.57±0.27 19.02±0.28 19.45±0.33 16.79±0.18 17.74±.6
Lipid 3.49±0.45 4.78±0.47 4.94±0.62 5.03±0.20 3.69±0.51 4.79±.33
Ash 1.40±0.17 1.37±0.01 1.38±0.02 1.76±0.69 1.83±0.10 1.84±.02

Species: Heteropneustes fossilis (Varghese and Mathew, 2016)
Moisture 75.06±0.97 75.00±0.59 79.36±0.74 80.55±0.63 77.64±0.96 77.06±.5
Protein 17.97±0.25 18.22±0.53 13.01±0.39 14.48±0.25 16.27±0.32 17.46±.4
Lipid 2.89±0.16 3.11±0.12 2.07±0.54 2.21±0.04 2.80±0.10 2.86±.12
Ash 1.16±0.27 2.10±0.06 1.62±0.04 1.89±0.18 2.90±0.10 1.88±.27
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Table 1 Continued

Particular Summer Autumn Winter

Species: Neolissocheilus hexagonolepis (Aberoumad and Pourshafi, 2010)
Moisture 77.255±0.845 74.585 ±0.301 75.441±0.428
Protein 18.734±0.401 16.579 ±0.338 19.418±0.410
Lipid 1.434±0.346 4.409 ± 0.203 2.473± 0.425
Ash 1.209±0.278 1.547 ± 0.284 1.356± 0.281

Species: Schizothorax richardsonii (Aberoumad and Pourshafi, 2010)
Moisture 76.051 ±0.560 74.574±0.313 75.381 ±0.307
Protein 16.126 ±0.288 15.746 ±0.489 15.829 ±0.362
Lipid 1.637 ±0.276 3.596±0.310 2.638 ±0.299
Ash 1.483 ±0.325 1.878± 0.371 2.544 ±0.287

Species: Tor putitora (Aberoumad and Pourshafi, 2010)
Moisture 74.265±0.348 72.851±0.213 75.412±0.438
Protein 20.244±0.382 17.659±0.346 18.532±0.441
Lipid 3.192±0.412 4.553±0.463 2.350±0.211
Ash 1.285±0.210 0.575±0.452 1.323±0.453

Species: Sillaginopsis panijus (Azim et al., 2012)
Protein 73.93±0.17 64.55±0.12 57.79±0.21
Lipid 11.87±0.05 13.09±0.16 14.73±0.05
Ash 11.50±0.09 14.13±0.06 15.64±0.03
Moisture 77.60±0.15 76.26±0.03 78.72±0.18

Species: Cyprinus carpio (Manon et al., 2015)
Moisture 72.54±0.55 73.70±0.63 74.53±1.07
Protein 20.07±0.19 18.71±1.07 18.25±1.18
Lipid 4.19±0.23 3.80±0.36 3.36±0.40
Ash 3.02±0.637 3.13±0.42 3.44±0.53

Particular Pre-spawning Spawning Post-spawning

Species: Glossogobius giuris (Islam and Joadder, 2005)
Moisture 78.66 79.5 79.27
Protein 15.36 15.18 16.03
Lipid 1.52 1.06 0.95
Ash 2.18 2.66 2.33

Particular Pre-monsoon Monsoon Post-monsoon

Species: Labeo boga (Gandotra et al., 2017)
Moisture 83.11 78.62 81.4
Protein 16.41 16.46 17.21
Lipid 2.33 1.95 2.96
Ash 1.06 1.03 1.17

Species: Labeo gonius (Begum et al., 2013)
Moisture 72.67 72.84 72.42
Protein 17.21 17.23 15.54
Lipid 4.73 3.92 4.02
Ash 5.21 5.87 7.19

Species: Labeo calbasu (Munny et al., 2020)
Moisture 77.27 – 74.82
Protein 14.6 – 16.13
Lipid 2.84 – 3.65
Ash 1.99 – 2.54

Summer= pre-monsoon (pre-spawning), Autumn= monsoon (spawning), Winter= post-monsoon (post-spawning)
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flesh, cheap and its aroma in cooking (Gao et al., 2014).
The major components of fish muscle include water,
protein, ash and lipid is termed as proximate composi-
tion. The biochemical composition of the fish muscle
generally indicates the nutritional quality of the fish.
Feeding habit, sex, species diversity, seasonal varia-
tion, climate change and other environmental features
greatly affect the nutrient composition of individual
fish species (Adelakun et al., 2017). Evaluation of
the major components of fish such as protein, lipid,
moisture and ash percentages are necessary to ensure
whether they meet the requirements of food regula-
tions and commercial guidelines (Waterman, 2000).
In this review, we represent some data of 28 fresh-
water fishes of Bangladesh and other South Asian
countries and discuss the reasons behind their vari-
ability in proximate composition in different seasons
as summer (April-June), autumn (August-October)
and winter (December-February).

Paul et al. (2019) reported the proximate composi-
tion of nine freshwater fishes included Mystus vittatus,
Ompok bimaculatus, Channa striata, Wallago attu, Pan-
gasianodon hypophthalmus, Labeo bata, Labeo calbasu, Cir-
rhinus reba and Puntius javanicus and found variation
in relation to season and body weight. The moisture
content of Labeo bata was higher in fish (>100 g) dur-
ing autumn (Table 1). Within the same season of the
year, moisture content did not vary between small
and large fish (Pal and Ghosh, 2013). Another study
showed wide variation (71% to 83%) in moisture con-
tent of Thinlip mullet, Liza ramada occur in different
seasons (Kalay et al., 2008). The protein content of
Labeo bata was found higher in <100 g group during
summer season (Paul et al., 2019). The larger fish
(>100 g) sampled during autumn showed more pro-
tein content than the larger fish sampled during win-
ter (Sankar and Ramachandran, 2001). Moreover, the
larger fish (>100 g) sampled during autumn showed
more protein content than the larger fish sampled
during winter citepSankar2001. The fat content of the
Labeo rohita, Catla catla and Cirrhinus mrigala found to
be higher during summer irrespective of their body
weights in comparison to the fish in other seasons
of the year (Shakir et al., 2013). The moisture con-
tent higher in autumn and lower in summer and fat
content higher in winter and lower in autumn due
to the inverse relationship (Ravichandr et al., 2011;
Bogard et al., 2015). Similar findings were reported
by Paul et al. (2019) in case of Mystus vittatus, Ompok
bimaculatus, Channa striata, Wallago attu, Pangasian-
odon hypophthalmus, Labeo calbasu, Cirrhinus reba and
Puntius javanicus. Fresh flesh of Banded snakehead
shows high value for protein 19.45%, and lipid, 6.30%
in autumn (Varghese and Mathew, 2016). Hossain
et al. (1999) also stated the similar concentration of
lipid in small indigenous fish species of Bangladesh.
The ash content was similar among the groups ac-
cording to the size and different seasons of the year.

Comparatively higher value for protein content in
catfish was found in summer (18.22±0.53) and the
lowest in autumn (13.01±0.39). A positive correlation
was observed between protein and lipid content dur-
ing the summer and autumn season (Varghese and
Mathew, 2016) (Table 1). Likely, the higher crude pro-
tein content found in summer and drastic decrease
in crude protein was observed in C. morulius when it
entered in winter (Ashraf et al., 2011).

It has been found that moisture content in
Gangetic Sillago (Sillaginopsis panijus) varied slightly
remaining within the range of 2% variation (Azim
et al., 2012). Lipid percentage decreases in the sum-
mer and slightly increases in the monsoon. It has
also been found that the main nutrient composition
in Clarias gariepinus is crude protein (Chakwa and
Shaba, 2009). Ash content also decreases from winter
to summer and increases in the monsoon. Seasonal
differences in the availability of food and changes in
the reproduction cycle have considerable effect on the
tissue biochemistry of the fish, particularly lipid. The
variation of lipid content is related with feed intake
(Kabir et al., 2012).

Nutritional composition e.g. protein, lipid, ash,
moisture in the edible portion (muscle) of some other
fishes in different seasons as post-spawning season,
pre-spawning season and spawning season of the
year are stated in Table 1. Protein, lipid, ash content
was significantly varied in different seasons of the
year. It found that Glossogobius giuris possessed high-
est protein content (16.03%) in post-spawning sea-
son followed by pre-spawning season (15.36%) and
spawning season (15.18%). However, highest lipid
content (1.52%) was observed in pre-spawning sea-
son followed by spawning season (1.09%) and post-
spawning season (0.95%). The highest ash content (to-
tal minerals) was found in spawning season (2.66%)
followed by post-spawning season (2.33%) and pre-
spawning season (2.18%) (Islam and Joadder, 2005).
The highest moisture content (79.50%) was found in
spawning season followed by post-spawning season
(79.50%) and pre-spawning season (78.66%) (Table 1).

Proximate composition as moisture, crude pro-
tein, crude lipid and ash content of Labeo gonius were
found to vary depending on various season men-
tioned in Table 1. Comparatively higher moisture
content was found in May than August. Like other
fishes it has the greater percentage of moisture and
may vary according to size, sex, season of the year
(Azim et al., 2012; Begum and Minar, 2012; Mahfuj
et al., 2012; Hossain et al., 2012). The protein percent-
age show significant variations. The highest value of
protein was found in May and the lowest in August.
In the case of lipid content, the highest lipid percent-
age was observed in July, while the lowest was in
May. The ash percentage was higher in August and
lower in May when subjected to experiment (Begum
et al., 2013).
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Munny et al. (2020) examined 65 samples of L.
calbasu over a period of 6 months. They observed
that the proximate composition of L. calbasu varied
seasonally (Table 1). Protein, lipid, ash and mois-
ture contents were 14.6±0.43, 2.84±0.21, 1.99±0.08
and 77.27±1.62, respectively during Monsoon and
16.13±0.49, 3.65±0.16, 2.54±0.21 and 74.82±0.58, re-
spectively during post-monsoon. It was noticed that
protein, lipid and ash contents were higher in post-
monsoon season, but the water content was higher in
Monsoon (Table 1).

Fish myofibrils, scale collagen and gelatin varied
with season. The circular dichroism (CD) measure-
ment results showed the melting temperature of s-
scale ASC (summer fish collagen) was higher than
that of w-scale ASC (winter fish collagen) by 3 °C.
It was concluded s-scale ASC was more stable than
the equivalent from the winter season. The thermal
stability of Cyprinus carpio scales collagen caught in
summer was 1.8 °C higher than that caught in winter
(Duan et al., 2010). The gelatins from summer fish
presented higher melting points and gel strengths,
as well as better viscosity properties than the winter
equivalents (Duan et al., 2011). Hypophthalmichthys
molitrix myofibrils in autumn and summer surimi
were much more stable than those in winter and
spring surimi by about 10 °C indicating autumn and
summer surimi containing stable myofibrils required
higher temperature than winter and spring surimi
for the gel formation (Yuan et al., 2005). Besides, the
structure thermal stability of myosin rod from silver
carp was affected by season change (Zheng et al.,
2012).

2.2 Marine-water fish

Generally, composition of live-weight, whole fish is
70 to 80% water, 20 to 30% protein, and 2 to 12% lipid
(Love, 1980). Marine fish have long been recognized
as a valuable resource of high quality protein with
a high biological value, essential minerals, vitamins
and good source of essential fatty acids in human diet
(Kumaran, 2013; Mohanty et al., 2015). The proximate
composition of fish varies greatly from one species or
one individual to another based on the starvation and
intensive food intake periods (Huss, 1995) and exter-
nal factors such as salinity and temperature. Moisture
has slight role in nutrition whereas it is imperative
from technological point of view (Langer et al., 2013).
The protein digested and incorporate is mostly in-
tegrated in the edible part of the fish (Chakwa and
Shaba, 2009). Fat content in the fish increases due to
the utilization of plankton rich food. Several authors
have reported inverse relationship between the mois-
ture and protein. The protein levels of Istiophorus
platypterus was increased from March and reached
in peak level in the month of September. Decline in
protein content was noticed from October (spawning

period) to February, coinciding with post-spawning
period (Table 2). Such depletion in muscle- protein
during spawning period has been reported in many
fishes (Love, 1997). Lipids are the prime energy stor-
age substance in fish. Fat content is a good index of
prospect survival in some species (Simpkins et al.,
2003) and a strong indicator of reproductive prospec-
tive in some fish stocks (Pearson, 1999). The concen-
tration of minerals and trace elements that contribute
for the total ash contents are known to differ in fish
depending on their increasing weight, feeding be-
havior or length of fish (Langer et al., 2013) season,
ecosystem, environment and migration even within
the same area. The content of ash varies with the time
of storage due to absorbance of moisture and loss of
protein (Langer et al., 2013).

Protein content of Harpodon nehereus found high
in winter and lowest in autumn as due to spawning
(Table 2). Considering the lipid content, minimum
and maximum value were observed in the autumn
and winter, respectively. Moisture content in muscle
tissue shows an inverse relation with that of lipid
and protein values and the lowest value is noted in
summer and the highest value in autumn. A positive
correlation was observed between protein and lipid
content of H. nehereus.

It has been found that dry matter percentage in
Sardinella gibbosa varied slightly remaining within the
range of 2% variation (Hrubec et al., 2001). Lipid
percentage decreases in the summer and slightly in-
creases in the monsoon. It has also been found that
the main nutrient composition was crude protein
(Chakwa and Shaba, 2009). Crude protein percentage
increases in the summer season and decreases in the
monsoon. Ash content also decreases from winter
to summer and increases in the monsoon. Seasonal
differences in the availability of food and changes in
the reproduction cycle have considerable effect on
the tissue biochemistry of the fish, particularly lipid
(Kabir et al., 2012). The variation of lipid content with
feed intake and found that intensive feeding. Accord-
ing to FAO moisture and lipid contents in fish fillets
are inversely related and their sum is approximately
80% with other components accounting for the re-
maining 20%. This inverse relationship has also been
reported in marine fishes such as, Pseudosciaena aeneas
and Johnius carutta (Rao and Rao, 2002), Mullus barba-
tus (Lloret et al., 2007). Fish protein contains all essen-
tial amino acids which are easy to digest. The protein
digested and assimilated is mostly incorporated in
the muscles of the fish (Dabhade et al., 2009). Ali
et al. (2001) has reported that protein content, which
is a vital constituent of living cells, tends to vary rela-
tively little in healthy fish unless drawn upon during
particular demands of reproduction or during food
deprivation periods. Tuna contains high amount of
protein (27%) and also rich in essential amino acids
(Love, 1997). (Matsumoto et al., 1984) has stated that
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Table 2. Seasonal variation in proximate composition (%) of some marine-water fish

Particular Summer Autumn Winter

Species: Istiophorus platypterusin (Pearson, 1999)
Moisture 77.53±0.12 76.61±0.10 77.80±0.18
Protein 18.16±0.05 18.59±0.07 16.37±0.02
Lipid 2.45±0.09 2.43±0.08 2.67±0.08
Ash 1.54±0.10 1.55±0.08 2.79±0.11

Species: Harpodon nehereus (Shingadia, 2013)
Moisture 82.21±2.07 88.15±0.96 85.54±0.17
Protein 27.6±0.17 21.0±0.12 31.7±0.05
Lipid 0.26±2.09 0.25±0.11 0.19±0.41
Ash 0.72±3.07 0.60±0.05 1.31±0.64

Species: Sardinella gibbosa (Bagthasingh et al., 2016)
Moisture 76.47±0.28 76.5±0.28 75.16±0.10
Protein 17.5±0.14 15.5±0.20 15.43±0.23
Lipid 2.34±0.02 3.89±0.01 6.33±0.03
Ash 1.92±0.01 2.11±0.04 2.19±0.005

Species: Schizothorax niger (Ahmed and Sheikh, 2016)
Moisture 71.92±2.09 72.12±1.89 76.87±1.31
Protein 17.53±0.61 16.26±0.99 12.92±0.57
Lipid 5.56±0.52 5.14±0.69 3.18±0.26
Ash 2.42±0.32 3.02±0.18 3.20±0.33

Species: Rastrelliger kanagurta (Nisa and Asadullah, 2011)
Moisture 74.21±2.17 73.07±2.36 70.11±3.05
Protein 20.0±.85 19.4±.29 16.65±.91
Lipid 3.00±0.09 4.50±2.27 12.00±.96
Ash 1.2±0.04 1.34±.01 .89±.01

Species: Auxis thazard (Rani et al., 2016)
Moisture 79.71±0.36 74.87±0.18 76.55±0.34
Protein 18.86±0.30 23.34±0.21 21.34±0.35
Lipid 0.69±0.19 1.25±0.07 1.17±0.05
Ash 0.86±0.20 0.77±0.19 1.01±0.27

Species: Euthynnus affinis (Rani et al., 2016)
Moisture 77.01±0.16 73.5 3±0.21 75.61±0.52
Protein 20.54±0.31 25.16±0.10 22.50±0.22
Lipid 1.37±0.16 0.75±0.11 0.68±0.01
Ash 1.13±0.14 1.00±0.02 0.96±0.13

Species: Lethrinus lentjan (Mathana et al., 2012)
Carbohydrate 1.42±0.05 1.489±0.03 1.457±0.04
Protein 19.15±0.01 22.82±0.13 18.10±0.11
Lipid 9.79±0.02 8.71±0.04 7.64±0.07

Species: Holothuria leucospilota (Sree et al., 1994)
Moisture 64.09 73.63 61.57
Protein 3.26 1.84 2.99
Lipid 14.37 6.98 9.64
Ash 14.03 14.51 11.56

Summer= pre-monsoon (pre-spawning), Autumn= monsoon (spawning), Winter= post-monsoon (post-spawning)
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protein content of skipjack was 21.45%, and that of
Thunnus tonggol 21.8% (Manzano et al., 2000). De-
cline in protein content was noticed from October
(spawning period) to February, coinciding with post-
spawning period. Such depletion in muscle-protein
during spawning period has been reported in many
fishes (Love, 1997). Selvaraj (1984) has reported deple-
tion in muscle protein in Ilisha melastoma, and noted
that it might be due to the fact that the build-up of
gonad is often accomplished at the expense of body
proteins. According to Dabhade et al. (2009) muscle
protein started declining gradually during spawning
and post-spawning phases in Channa gachua. This
decline of muscle protein is attributed to its transfer
into ovaries to meet energy requirement of fish dur-
ing spawning and post spawning phases. Fats are
the primary energy storage material in fish (Selvaraj,
1984; Love, 1997; Adams, 1999). Lipid content is a
good index of future survival in some species and a
strong indicator of reproductive potential in some fish
stocks (Simpkins et al., 2003). The higher lipid con-
tent in some species of fish is of nutritional value as
that support protective effect against coronary heart
disease due to the presence of marine omega-3 fatty
acids (Alonso et al., 2003). In another study, the lipid
content is relatively lower than blue fin tuna Thunnus
orientalis (2.06 ± 0.57) (Peng et al., 2013). Ash is a
measure of the mineral content of any food including
fish (Omotosho et al., 2010). The concentration of min-
erals and trace elements that contribute for the total
ash contents are known to vary in fish depending on
their feeding behavior, increasing weight or length of
fish season (Hassan, 1996) environment, ecosystem
and migration even within the same area (Andres
et al., 2000; Canli and Atli, 2003; Abdallah, 2007). The
ash content changes with the time of storage due to
absorbance of moisture and loss of protein (Hassan,
1996). Smaller sized fish species show higher ash con-
tent due to the higher bone to flesh ratio (Daramola
et al., 2007). Rani et al. (2016) observed that the ac-
cumulation of ash was more in pre-monsoon season
followed by monsoon season and post-monsoon sea-
son in E. affinis whereas ash percentage was found
to be more in post-monsoon season followed by pre-
monsoon season and monsoon season of A. thazard.

During all the season, the moisture content was
ranged from 71.92-76.87% (Table 2) with the high-
est (76.87%) values was recorded during winter sea-
son. However, no significant difference was ob-
served in moisture content of S. niger among three
seasons except winter season. Contrary to this, the
present study, showed a wide variation in the body
moisture contents of S. niger during the month wise
study, where in between the season some months
showed significant difference in their body moisture
content, though at the same time some insignificant
differences in the moisture content in between the
months of the same season were also seen (Ahmed

and Sheikh, 2016). Moisture content shows an inverse
relationship with that of fat content as one increases,
the other decreases (Hrubec et al., 2001; Pradhan et al.,
2011). The present finding is in agreement with the
findings of the above researchers. Clark and Almy
(1918) also found inverse relationship between mois-
ture and fat content, while protein content was varied
little with the season. The changes in moisture can
be attributed to changes in fat level directly and to
spawning and feeding intensity indirectly.

In general, the body composition of Rastrelliger
kanagurta showed considerable monthly variation
among their major biochemical constituents, which
showed a well-defined seasonal cyclic pattern. Over-
all, the substantial difference in various biochemical
constituents of R. kanagurta between the seasons were
presented in Table 3. The body moisture content of
R. kanagurta was found to be higher (74.21±2.17%) in
summer season, whereas the lowest body moisture
content (70.11±3.05%) was recorded in winter sea-
son. The maximum body protein content (20.0±.85%)
was recorded during summer season. After summer
season the next higher protein content (19.4±.29%)
was registered during autumn season, while lowest
(16.65±.91%) body protein content was observed in
R. kanagurta during winter season. The maximum
fat content (12.00±.96%) was observed during winter
season. After winter season, the next higher value of
body fat content (4.50±2.27%) was reported in the au-
tumn season which was not much different with the
fat value recorded during summer season. The body
ash content was found to be higher (1.34±.01%) dur-
ing autumn season, while the remaining two seasons
had not mark any influence on the body ash content
of R. kanagurta.

The proximate composition of Auxis thazard and
Euthynnus affinis has been given in Table 2. The mois-
ture content was higher during pre-moonson and
lowest during moonson for A. thazard and E. affinis,
respectively (Table 2). Protein content was higher
during the first and second season of the year in both
cases. A. thazard and E. affinis showed higher fat con-
tent during post-moonson and pre-moonson of the
year, respectively. In comparison of two species, A.
thazard accumulated more fat content in monsoon and
post-monsoon and less content was observed in pre-
monsoon season than E. affinis. Similar results was
found in case of ash content for both cases. The total
mean concentration of ash content was accumulated
more in E. affinis when compared to A. thazard. Sea-
son wise data of the two species indicated more ash
percentage in monsoon and pre-monsoon season and
less percentage was found in postmonsoon season
in E. affinis, respectively (Rani et al., 2016). Seasonal
data showed that even though fat content is some-
what high in the study but the variation trend was
to some extent in agreement with the values of Nisa
and Asadullah (2011) for the Indian horse mackerel.
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According to Borges and Gordo (1991), the spawn-
ing season of this species takes place during the first
semester of the year, which would be the probable
reason of low fat content in this time of year. Pro-
tein percent reached its maximum in summer and
minimum in winter. Low protein in this month may
suggest that protein may utilize for metabolic energy.

Proximate composition of Lethrinus lentjan in dif-
ferent seasons was observed by Mathana et al. (2012)
is also shown in Table 2. Carbohydrate, protein,
and lipid contents were 1.42±0.05, 19.15±0.01 and
9.79±0.02, respectively during pre-spawning season
and during spawning season the proximate compo-
sitions were 1.489±0.03, 22.82±0.13 and 8.71±0.04
respectively, and in post-spawning season the proxi-
mate composition were 1.457±0.04, 18.10±0.11 and
7.64±0.07, respectively (Table 2). It was noticed that
protein and carbohydrate contents were higher in
spawning season, but the lipid content was higher
in pre-spawning season and then gradually decrease.
Among the biochemical components analyzed, the
lipid content in the tissues showed more seasonal
variations during the progress of gonad maturation
(Castell et al., 1972).

The substantial differences in biochemical compo-
sition of Holothuria leucospilota between the seasons
were mentioned in Table 2 studied by (Sree et al.,
1994). Significantly higher moisture content (73.63%)
was found in spawning season while maximum pro-
tein (3.26%) and fat (14.37%) and ash (14.03%) con-
tents were recorded during pre-spawning season.
Lowest lipid and protein content was reported during
spawning season.

3 Seasonal variation in amino and
fatty acid profiles

The variation of different essential and non-essential
amino acids at different season has presented in Ta-
ble 3. Analysis of the amino acid profile showed that
lysine was predominant followed by glutamic acid.
High concentration of arginine, glycine and aspar-
tic acid were found during amino acid analysis and
they also showed seasonal dependency (Rana et al.,
2019). Among 6 essential and 8 non-essential amino
acids higher concentration were observed during pre-
monsoon season than any other season and lower
amount of amino acids were found in post-monsoon
season. In pre-monsoon, monsoon and post-monsoon
season ratio of EAA/NEAA was 0.68, 0.68 and 0.69
respectively. Ratio of EAA/NEAA were more or less
similar during seasonal variation (Table 3).

Fatty acids have specific importance in nutri-
tional values concept. Concentration of fatty acids
in Monopterus cuchia is shown in Table 4. Total 25
fatty acids were found in this fish. In tested samples
of fish, total 55.8% of saturated fatty acid (SFA) con-

tent were found in pre-monsoon season, 42.8% were
found in monsoon period and 33.9% were found in
post-monsoon season. Among all the fatty acids satu-
rated fatty acids were found at higher concentration
compared to mono and poly unsaturated fatty acids
all over the year. The palmitic acid was primary fatty
acid in the analysis of all the saturated fatty acids.
19.81±0.002%, 22.10±0.067%, 15.98±0.002% were
found in pre-monsoon, monsoon and post-monsoon
season respectively in Monopterus cuchia (Rana et al.,
2019). Similarly, the total saturated fatty acid (SFA)
varied from 31.6% to 46.85% (p<0.05) in Indian mack-
erel (Rastrelliger kanagurta), the highest in July and the
lowest in February (Nisa and Asadullah, 2011). More
or less similar result reported by other researchers
(Bandarra et al., 2001; Celik, 2008; Nisa and Asadul-
lah, 2008; Zlatanos and Laskaridis, 2007),

In case of MUFAs higher content was found in
post-monsoon season than any other season and
lower content was found in pre-monsoon season. PU-
FAs also showed the same thing in case of total con-
tent. Among all the MUFAs oleic and palmitoleic
acids were predominant fatty acids (Table 5). Among
the PUFAs linoleic acid was the most abundant fatty
acid mean range varied from 5.41± 002% to 17.79±
0.001%. A quite substantial percentage of α-linolenic
acid (C18:3) and arachidonic acid (C20:4) were also
found. EPA was not found in Monopterus cuchia in
pre-monsoon period, on the other hand DHA were
found in all the season though the content of DHA
showed seasonal dependency. But the summation
of EPA and DHA values showed higher content in
monsoon period. The ratio of n-6 and n-3 fatty acids
was to be calculated as 1.29 in pre-monsoon, 0.58 in
monsoon and 2.51 in post-monsoon season. The sea-
sonal changes of total PUFA had a considerable effect
on the variation of unsaturated fatty acid content,
from season to season which may suggest that PUFA
may be responsible for the seasonal variation of total
unsaturated fatty acids (Nisa and Asadullah, 2011).

The amount of total lipid obtained from the mus-
cle of W. attu during generation period (February
to May, being a pre-monsoon breeder), shows a ten-
dency to decrease. The value reaches its minimum in
May and again starts increasing from June to October.
During breeding season the amount of total fatty acid
also shows the same tendency to decrease till May
when it reaches its minimum. From June onwards the
total fatty acid increases significantly. Thus one can
conclude that both the total lipid content and total
fatty acid content of W. attu varies throughout the
year (Table 6). This is quite natural as the storage of
lipids, fatty acids in different organs and tissues in a
fish are the results of irregular seasonal variations and
water temperature, which affect the fish diet (Agren
et al., 1987; Dutta et al., 1985; Kinsella, 1987).

Reproduction and nutritional physiology are two
major biological event in the whole life span of a fish



Rasul et al. Fundam Appl Agric 6(2): 193–209, 2021 202

Table 3. Amino acids profile (%) of Monopterus cuchia captured in different seasons (Rana et al., 2019)

Amino acids Pre-monsoon Monsoon Post-monsoon

Threonine 1.25±0.02 0.63±0.02 0.54±0.02
Valine 1.68±0.03 0.72±0.02 0.65±0.02
Methionine 2.15±0.02 0.97±0.02 0.93±0.02
Isoleucine 1.85±0.02 0.88±0.02 0.82±0.03
Leucine 2.19±0.02 0.87±0.03 0.84±0.02
Lysine 3.88±0.02 1.76±0.02 0.68±0.02
∑EAA 12.99 5.42 5.86
Aspartic acid 2.24±0.02 0.95±0.02 0.95±0.02
Serine 1.62±0,02 0.74±0.02 0.74±0.03
Glutamic acid 3.60±0.03 1.56±0.02 1.26±0.03
Glycine 3.11±0.02 1.46±0.02 1.31±0.02
Alanine 1.68±0.02 0.76±0.02 0.65±0.02
Histidine 1.89±0.03 0.85±0.04 0.88±0.03
Tyrosine 1.64±0.03 0.78±0.02 0.67±0.03
Arginine 3.36±0.02 1.53±0.02 1.47±0.02
∑NEAA 19.13 8.62 7.91
EAA/NEAA 0.68 0.68 0.69

Table 4. Saturated fatty acid (%) of Monopterus cuchia captured in different seasons (Rana et al., 2019)

Saturated fatty acids Pre-monsoon Monsoon Post-monsoon

Caproic acid (C6:0) 4.67±0.002 1.87±0.002 0.30±0.001
Caprylic acid (C8:0) 8.56±0.004 0.99±0.002 0.84±0.001
Lauric acid (C12:0) 8.27±0.002 3.09±0.012 3.77±0.002
Tridecanoic acid (C13:0) ND 0.35±0.001 0.49±0.004
Myristic acid (C14:0) 6.15±0.003 4.02±0.019 2.13±0.002
Pentadecyclic acid (C15:0) 0.88±0.001 1.43±0.0004 1.12±0.002
Palmitic acid (C16:0) 19.81±0.002 22.10±0.067 15.98±0.002
Stearic acid (C18:0) 3.98±0.005 5.18±0.001 6.15±0.001
Arachidic acid (C20:0) 1.05±0.005 1.52±0.003 1.76±0.001
Behenic acid (C22:0) 0.66±0.002 – 0.44±0.002
Lignoceric acid (C24:0) 1.75±0.002 2.21±0.003 0.94±0.005
∑SFAs (Total) 55.79 42.77 33.94

Table 5. Mono and poly unsaturated fatty acids (%) of Monopterus cuchia captured in different seasons (Rana
et al., 2019)

MUFA composition Pre-monsoon Monsoon Post-monsoon

Myristoleic acid (C14:1) 0.37±0.001 1.35±0.001 1.79±0.001
Pentadecenoic acid (C15:1) 9.89±0.001 0.42±0.002 0.83±0.002
Palmitoleic acid (C16:1) – 9.62±0.003 8.29±0.001
Oleic acid (C18:1) 18.96±0.003 20.79±0.002 25.99±0.001
Eicosenoic acid (C20:1) – 0.31±0.002 0.50±0.002
∑MUFAs 29.23 32.48 37.42

PUFA composition Pre monsoon Monsoon Post monsoon

Hexadecadienoic acid (C16:2); n-3 0.64±0.001 1.38±0.001 0.68±0.001
Hexadecatrienoic acid (C16:3); n-3 – 2.91±0.001 2.16±0.001
Linoleic acid (C18:2); n-6 6.38±0.001 5.41±0.002 17.79±0.001
α-Linolenic acid (C18:3); n-3 3.98±0.0001 1.98±0.001 1.68±0.001
Eicosadienoic acid (C20:2); n-6 – 0.64±0.002 0.65±0.001
Arachidonic acid (C20:4); n-6 2.07±0.001 3.07±0.001 2.04±0.003
Eicosapentaenoic acid (C20:5, EPA); n-3 – 0.60±0.001 0.28±0.002
Docosapentanoic acid (C22:5); n-3 – 4.02±0.001 2.21±0.002
Docosahexaenoic acid (C22:6, DHA); n-3 1.91±0.0001 4.74±0.001 1.16±0.001
EPA+DHA 1.91 5.34 1.44
∑PUFAs 14.98 24.75 28.64
n-6/n-3 1.29 0.58 2.51
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Table 6. Seasonal variation of total lipid and fatty acid of muscle of Wallago attu (Agren et al., 1987)

Season Total lipid % (TL) Total fatty acid % (TFA) Approx. TFA with respect to TL

Winter 5.89±0.03 3.70±0.04 62.82±0.41
Summer 3.14±0.01 2.39±0.03 76.12±0.30
Autumn 6.98±0.03 5.04±0.05 72.21±15

are closely related with the seasonal changes (Farkas
and Csenger, 1976). The amount of total lipid stor-
age in different organs and its utilization is gener-
ally varied in accordance to the seasonal changes to
meet the requirement of their physiological function.
During breeding seasons, lipids are mobilized to the
gonads for the development of the gonads (Castell
et al., 1972). So, the lipid/fatty acid content in the
organs/muscle tissues should decrease. During the
summer season, the total lipid percentage and total
fatty acid percentage in the muscle tissues of W. attu
is the minimum (Table 6). At the end of breeding
season, fish start the process of storing energy in the
form of lipid for future use during reproduction and
scarcity of food. That is why during monsoon the fat
content reaches to the maximum level in the muscle
tissue of W. attu and starts to decrease in winter as
the reproduction approaches and becomes minimum
in summer season.

4 Factors affecting seasonal varia-
tion in proximate composition

Seasonal variation of proximate composition in fish
influences by various factors like nutrition, age, gen-
der, reproduction (Kalay et al., 2008), and adaptation
with environment change. Silver carp produced two
types of myosin isoforms, thermostable myosin in
summer and unstable one in winter, for the adapta-
tion of the environmental changes (Abe et al., 2019).
During May–July, a reduction in muscle protein and
lipid were observed and this season was noticed as
spawning period. It might be due to utilization of
stored energy source to fulfill the high energy de-
mands, during the ovulation and spawning period
(Nargis, 1970).

The peak in the muscle lipid and protein content
is observed in autumn for fin fish and low at late sum-
mer for shellfish (Nargis, 1970). This could be due
to optimum availability of food and active feeding,
facilitates a good circumstance for building energy
reserve in the form of protein and lipid. During mon-
soon season, a reduction in muscle protein and lipid
are observed and this season is noticed as spawning
period (Langer et al., 2008). It might be due to utiliza-
tion of stored energy source to fulfill the high energy
demands, during the ovulation and spawning period
(Jyotsna et al., 1995). It has been found that change in
endocrine system during spawning season have an

influence on protein content in fish muscle and is due
to the controlling action of endocrine system in sup-
plying nutrients to gonads from all parts of body and
thereafter a noticeable rise in protein content is ob-
served a recovery of normal life (Langer et al., 2013).
It is also decline that the fat content might be due
to low feeding intensity and low availability of food.
Declining of muscles lipid content during the period
of development and maturation of gonads (John and
Hameed, 1995). Fluctuation in lipid content in fish
fluctuate greatly and is associated to migratory swim-
ming, sexual changes in connection with spawning,
and depletion of gonad and food consumption (Jons-
son and Jonsson, 2005; Nargis, 1970). High lipid and
protein content in both pre-breeding and breeding
season also noticed in three major carps and is due
to probable augmented vitellogenesis in ovary and
spermatogenesis in testes that required large amount
of lipoproteins (Memon et al., 2010). It has been also
reported that protein contents decreased with age and
fat contents increased accordingly, while no effect on
other elements like Cu, Zn and Fe (Oduor-Odote and
Kazungu, 2009; Rodrigues et al., 2013). They also re-
ported a negative relationship between protein and
lipid levels with age/size. The lipid kept on decreas-
ing with age/size while protein increased accordingly
(Hashimoto et al., 1979). The mean water content in
the flesh of both fish species reaches its highest level
during June to August, as monsoon season, shows
an inverse relationship with fat and protein content.
This inverse relation might be due to unavailability
of food, low food intake, low atmospheric tempera-
ture, and high energy demands to homeostasis the
body temperature etc. (Langer et al., 2013; Simat and
Bogdanović, 2012). Ash content showed no signifi-
cant correlation with other constituents in the tissue,
proving there is no direct relationship between the
ash and feeding or spawning activities.

5 Conclusion

This study has provided the basic information about
nutritional values including principal nutrients, fatty
acids and amino acids profile of different freshwa-
ter and marine fishes of Bangladesh and other South
Asian countries like India, Pakistan in respect to sea-
sonal changes. We found a greater variation in lipid
content compared to protein, moisture and ash con-
tent. Amino acid and fatty acids also showed seasonal
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dependency in several fish species. These types of
seasonal data of various commercial species can help
us to understand the changes in nutritional values
in different seasons are important for the fish used
as food by consumers and it also helps in determin-
ing the time of fish harvesting. However, this review
suggests advanced research on the nutritional compo-
sition of different fishes focusing on amino acid, fatty
acid, micronutrients (vitamins and minerals) and nu-
tritional variation in sexes i.e. male and female.
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