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Review Article

ABSTRACT

The nutritional awareness is a vital issue in most of the developing countries. Consumption of
imbalance nutrients is globally responsible for the malnutrition, a curse for the people who belongs
to below poverty line. Fish is a vital source of protein and many other essential nutrients for the
human health. More than one billion of people around the world include fish food in their regular
diet. Many of the developing countries like India are resided by poor villagers who gladly consume
the small fish species which are of low cost and easily available in the water lands. The nutrient
status the small food fishes are of greater interest to the researchers in the field of biochemistry in
terms of their socio-economic impact and sustainable human food chain. Advanced researches on
the biochemical constituents of different fishes are signified and essential to the human health as
well as medicinal practitioners to formulate newer medicines for the prevention of many life risk
diseases of the community. This review article is an attempt to review the current scientific
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literatures on the nutrient status with respect to their proximate composition of different fish species
across the globe. The significance of such study on Food-to-food fortification (FtFF) on the
basis of proximate composition of fish along with challenges and future perspectives are also

highlighted.

Keywords: Nutrient status; malnutrition; proximate composition; food fish; aquaculture; health

supplements.
1. INTRODUCTION

Now a days, a growing awareness is felt on
nutritional biochemistry with a special reference
to human health and fish consumption due to the
nutritional excellence of fish nutrients. All over
the world fishes are largely accepted as food
items due to their low cholesterol, high
palatability and tender flesh. Fishes are known to
be the cheapest source of protein as well as
other vital nutrients required for the human diet
[1]. The primary biochemical components of the
fishes include water, protein, lipid (fat or oil) and
ash (minerals). The analysis of the basic
components of fish muscles are generally
termed as proximate analysis. Approximately
fishes contain 70-80% water, 15-24% protein,
0.1-22% fat, 1-2% minerals, 0.5% calcium,
0.25% phosphorus and 0.1% vitamins A, D, B &
C [2]. A clear knowledge on the biochemical
constituents of fish is of wide applicability in
several sectors of the community.

The medicinal values of fish depend on the
contents of protein, lipids, minerals and vitamins
[3]. Fish proteins are having high biochemical
potentialities [4-6]. The requirement of w-3
polyunsaturated fatty acids for the human health
is satisfactorily met by the consumption of food
fishes [7]. Previously studied records reveal that
w-3 fatty acids play the major role in the
prevention of coronary heart diseases (CHD),
cancers, rheumatoid arthritis and inflammation
[8,9]. Fishes can be vital components of diet due
to the presence of fair contents of complete
protein and polyunsaturated fatty acids
especially  eicosapentaenoic  acid (EPA),
eocosahexanoic acid (DHA) and arachidonic
acid (AA) [10]. The w-3 fatty acids are
contributed by fish food, which are the key
nutrients for the development of brain in the
young groups of human body [11,12]. There are
several other health benefits including decrease
in the risk of myocardial infarction [13], lowering
of blood pressure and concentration of
triglyceride in blood, improving the immune
system [14], and nourishing proper brain function
of the human body. They also defend human

body against various psychological disorders,
depressions and disorder in deficit of attention as
well [15]. All these nutrients are required for
proper growth as well as physical development
and specially to prevent some terrible diseases.

It has been reported that small fish species are
vital sources of minerals in the human body.
Mineral contents of fish are required for the
formation about hemoglobin of the human body
[16]. The micronutrients present in the fish flesh
are useful for maintaining water balance,
formation of bones and teeth in human body and
also catalyzing a lot of metabolic reactions [17].
Fish minerals are stored in the skeleton
especially in the vertebra. Fishes are enriched in
good amounts of vitamins and minerals. Fair
contents of calcium, iron, zinc, Vitamin A &
Vitamin C are provided by small fishes which are
consumed in whole with organs and bones [18].
The fish proteins provide all the essential amino
acids in right proportions. So, the inclusion of fish
makes a balanced diet for the human being
having large contribution to the heart health
and also children’s proper growth and
development.

There are four major constituents in the edible
portion of fish. These are moisture or water,
protein, lipid (fat or oil) and ash or minerals. The
analysis of these four basic constituents of fish
muscle is often referred to as proximate
composition analysis. The analysis of the
proximate composition of the various fish
species provides a nutritional profile, indicating
commercial and nutritional value, and aiding in
regulating food standards [19]. The study of the
proximate composition of fish has a great
significance for consumers, aquaculture and
researchers from various angle. These works not
only provide information on the nutritive value of
fish but also aid in understanding the
preservation and processing of fish and fish
products [20]. The analysis of the proximate
composition of fish also helps the nutritionists to
determine readily available sources of
high-protein low-fat food sources required as
human food [21,22]. It also helps the scientists
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for classifying high-protein foods with high
nutritive value [23].

The biochemical compositions of maximum food
fishes had been studied by various researchers.
The variations of the contents are attributed to
their nutritional quality, which is directly linked to
their feeding habits, season, adaptation,
temperature, age, and sex etc. [24]. The
biological characteristics of fish flesh is a reliable
predictor of the nutritional value, physiological
state and habitat [25]. These parameters are
good indicators of the physiological and
nutritional status of a fish [26]. According to the
survey of literature the nutritional contents of fish
species are varied with the variation of
environmental and geological factors. So, proper
information about the biochemical compositions
of different fishes is important in the field of
processing and preservation of fish and fishery
products. With the rapid growth of human
population, the fish habitats are declined leading
to dwindling fish stocks. Therefore, a distinct
knowledge about the biochemical data of fish
nutrients is essential for the nutritive awareness
and sustainable development of aquaculture and
inland fisheries. These investigations adopting
more advanced scientific researches will not only
ensure the health security but also open up
steady source of livelihood of many poor
communities of the world.

This review article is an attempt to review the
current scientific literatures on the substantial
difference in proximate composition of different
fish species present in fish muscle across the

globe. On the basis of the findings, a nutritional
chart may be easily made accessible for better
and justifiable use of the nutritional fish and fish
food products. The significance of such study of
proximate composition of fish investigated since
last ten vyears are discussed along with
challenges and scope for further research are
also highlighted. We believe that this review
paper will help the young researchers as a
literature survey for further research in this area
of research and the policy makers to create
awareness among the community people about
the nutritional qualities of food fishes and also to
conserve those fishes as well.

2. ANALYSIS OF
COMPOSITION OF FISH

PROXIMATE

The analysis of the proximate composition of
food fishes explore the use of standard methods
to estimate vital components in fish, which
significantly influence their nutritional status. The
composition of fish body is affected by both
exogenous and endogenous factors [27]. The
exogenous factors affect the body composition
as well as the diet of the fish (composition,
frequency) and also their existing environment
(salinity, temperature). A number of researchers
studied the impact of temperature, light, pH, and
oxygen concentration on the proximate
composition of fish. The endogenous factors
include some genetic factors linked to the life
stage, size, age, sex and anatomical position of
the fishes [27]. The characteristic data of
proximate and mineral composition of a typical
fish is shown in Table 1.

Table 1. Representative data of proximate composition and mineral content of a typical fish

[28]

Parameter Specific Parameter Composition

Proximate Composition Moisture 59.1 - 87.8%
Protein 9—-24%
Lipid 1.6 —6.2%
Ash -

Mineral Composition Sodium 190 mg

(per 100gq) Magnesium 38 mg
Zinc 72 mg
Potassium 384 mg
Phosphorus 210 mg
lodine 30 mcg
Calcium 15mg
Iron 0.3 mg
Selenium 40 — 92 mcg
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Skatecki and co-workers [29] compared the
proximate composition, mineral content and
some selected trace elements in the roe and
muscle tissue of aquaculture-reared rainbow
trout (Oncorhynchus mykiss) fish. The research
group investigated 20 farmed rainbow trout
females collected from a certified fish farm
located in the Lublin Voivodeship (Poland)
(Fig. 1). It was reported that the fish species
have lower moisture content in roe (61.45%)
than that in fillete (72.69 %) but higher content of
protein in roe (29.53%) than that in fillete (20.31
%). Similarly, the lipid in roe (7.55%) is also
higher than that found in fillete (5.31%). Similar
studies [30] carried out on in the muscle tissue of
farmed rainbow trout obtained in Poland have
reported lower protein. Rainbow trout are
classified as medium-fat fish with lipid content
from 2 to 7% [31] and similar results have been
reported here as well. The mineral content in roe
have significantly higher than that present in the
fillet, Zn is almost 11 times, Mn is about 7 times,
Fe and Cu both are about 5 times, Ca is about 3
times, Mg is about twice than that found in fillet.
Whereas, fillet contained 3 times as much K as
the roe. The findings are found to be consistent
with that of Topuz and co-workers [32]. The
results were analyzed to determine whether
100 g of edible portion of roe or fillet satisfies the
requirements for these elements in adult

consumers and children or not and it was
reported that both roe and fillet from rainbow
trout can become a significant source of metallic
elements.

Acharya and co-workers [33] had investigated
the proximate composition, mineral profile and
fatty acid content of Tenualosa sp. (Tenualosa
ilisha, Tenualosa keli) at collected from Chilika,
Chandravaga, and Chandipur area of east coast
of India. The results of the study are shown in
Table 2, where, the values are presented as avg.
= SD mg/100g (n = 5). It was found that the
moisture content varied from 61.36 to 73.95%
which is higher as compared to earlier recorded
in the Tenualosa sp. species found in Bay of
Bengal [34]. Tenualosa sp. recorded higher
protein content (20.59 to 26.81%) as compared
to the Indian carps Labeo rohita (15.9%), Catla
catla (16.2%), and Cirrhinus mrigala (14%),
respectively [35]. The maximum protein content
of T. ilisha (28%) was recorded at Chandravaga
region and minimum protein content (18%) was
recorded at Chilika region. The T. ilisha species
found in Chandravaga area was found to contain
higher protein content as compared to the
Tenualosa sp. found in Bay of Bengal (18 to
19%) [36]. Protein is an essential nutrient found
in fishes which is varied among Tenualosa sp.
found in various regions in the study area.
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Fig. 1. Aquaculture-reared rainbow trout (Oncorhynchus mykiss) Reproduced with permission
from [29] © 2020 Elsevier GmbH
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The lipid content of Tenualosa sp. varied from
5.92 to 9.74% with an average value of 7.76%.
Similar data for the lipid content was recorded for
the same species found in Diamond Harbor,
Kolkata coast [35] and Hooghly and Padma
River [37] in India. On the other hand, the lipid
content of Tenualosa sp. species of this study
was found to be remarkably lower than that
recorded for Tenualosa sp. (17.56%) from
Sunderban area of West Bengal [38]. It was
observed that the T. keli found in Chandravaga
area recorded the maximum (9.74%), and T. keli
from Chandipur area recorded the lowest
(5.92%) lipid content which is almost twice than
lipid content content of Indian big carps Labeo
rohita (4.33%) and Labeo calbasu (0.98%) [39].

The ash content ranges from 0.54 to 1.32%. The
salt content (Na and K) of the fish species
ranged from 10.03 to 42.1 mg/100 g with an
average value of 28.89 mg/100 g. Na varies from
11.1 to 39.1 mg/100g with an average of 26.31
mg/100g which is within the limit of FAO’s criteria
(19 — 881 mg/100 g). The Ca content was
significantly higher than other sources of
Calcium. The Mg content varied from 5.7 to 11
mg/100g with an average of 8.34 mg/100g which
is far below the FAQO’s criteria of 452 mg/100 g.
Begum et al. 2016 [34] found Mg level of 5.3 to
13 mg/100g in Tenualosa sp. from Bangladesh.
Whereas the Mg levels of the same species
found at Ganga was 38.33 mg/100g [35] and
39.44 mg/100g at Hooghly estuary [7]. The Cr
content varied from 0.04 mg/100g in the T. kel
species to 0.12 mg/100g in the T. ilisha species
found in Chandravaga area with an average of
0.08 mg/100g which is within the limits set by
FAO 2001. The Fe content of Tenualosa sp. was
found to be between 10.4 and 21.5 mg/100g with
an average of 17.24 mg/100g which is within the
safe limit. Cu ranged from 0.82 to 1.76 mg/100g,
with an average of 1.10 mg/100 g. Among the
studied fish species, the T.ilisha species found in
Chandipur area had the highest (1.76 mg/100g),
whereas the T.keli species of Chandipur area

had the lowest (0.82 mg/100g) Cu content. All of
the Tenualosa sp. fish that were studied were
found to have the least amount of carbohydrates
0.09 to 3.91 with an average of 2.17+1.61%. Out
of 33 detected fatty acid components, myristic
acid (C14:0) (684.67 mg/100g) was found to be
the predominant saturated fatty acid (SFA)
content.

Ara and co-workers [40] investigated the
proximate composition in terms of moisture,
protein, lipid, ash and mineral contents in the
fresh muscles of freshwater hilsa (Tenualosa
llisha) collected from Sandhya river and marine
hilsa fish collected from Chittagong Port of
Bangladesh. The proximate composition results
revealed that freshwater hilsa contained higher
moisture content (70 £ 0.34%) than marine hilsa.
While, the protein content (20.06 + 0.94 %), lipid
(13.8 £ 2%) and ash contents (1.26 + 0.15%)
were relatively higher in marine hilsa. It was also
reported that the freshwater hilsa contain higher
amount of calcium (182.4 £ 3.48 mg/100 g) and
phosphorus (133 = 4.52 mg/ 100g) but the
marine hilsa had higher iron content (3.30 mg
/100 g). The result of the study discovered that
both marine and freshwater hilsa are nutritionally
enriched and such fishes are more popular in
Bangladesh. Debnath and co-workers [41] also
reported that riverine hilsa contained relatively
more moisture (61.01%) than marine fishes
(58.91%) and more ash content (2.04%) than
marine hilsa (1.69%), higher calcium content
(394.14mg/100q), phosphorus content
(113.44mg/100g). Begum et al. 2018 [34]
recorded calcium content in hilsa fish ranged
considerably from 144.21 to 372.67 mg/100 ¢
and the phosphorus content in hilsa fishes
collected from six regions of Bangladesh ranged
from 118.17 to 204.06 mg/100 gm. While, there
is no significant difference in protein content in
freshwater (17.37%) and marine hilsa (16.17%).
The marine hilsa has significantly higher lipid
content (18.27%) in than freshwater hilsa
[42].

Table 2. Proximate composition of Tenualosa fish species collected from three different area
of east coast, India [33]

Parameters Area/Species
Chilka Chidika Chandipur Chandipur Candravaga Candravaga
/ T.ilisha / T.keli / T.ilisha / T.keli [ T.ilisha [ T.keli
Moisture (%) 70.47+2.85 70.25+5.89 64.22+2.89 71.25+2.36 63.35+1.87 69.7+2.98
Protein(%) 22.03+3.44 21.8+3.95 26.81+2.08 21.6+2.79 25.61£3.22 20.59+2.43
Lipids(%) 6.84+1.42 7.43+2.4 7.92+1.51 5.92+0.78 9.74+3.12 8.74+1.27
Ash(%) 0.68+0.36  0.54+0.21 1.08+0.47 1.25+0.37 1.32+0.09 0.99+0.14
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Fig. 2. Some commercially important marine fin fishes collected from Kasimedu coast,
Chennai, India (a) Spotted sardinella (Amblygaster sirm) (b) Indian anchovy (Stolephorus
indicus), (c) Thread fin bream (Nemipterus japonicas) (d) Indian mackerel (Rastrelliger
brachysoma) (e) Tiger grouper (Epinephelus fuscoguttatus) (f) Yellowtail barracuda
(Sphyraena flavicauda) and (g) Lizard fish (Saurida undosquamis). Reproduced from ref [45] ©
2020 JFLS

According to Rahman and co-workers [41], the
moisture content was the most abundant
composition of the Channa punctatus and
Amblypharyngodon mola of ponds. The studies
of Bijayalakshmi and co-workers revealed the
similar report of moisture content on the same
species. The small indigenous fish species
namely Channa striata, Trichogaster fasciatus
and Puntuys sophore contained higher lipid
content than the other fish species [43]. The
study on protein and mineral compostion of
some local small food fishes namely
Amblypharyngodon mola, Esomus. danricus,
Puntius sophore, Channa fasciata, Labeo bata,
Catla catla, Labeo rohita and Cirrhinus mrigala
collected from Tripura, India were analyzed and
the reports concluded that all the fish species
were nutritionally competitive even in their dried
state [44]. The study found that small indigenous
fishes are highly nutritious and can provide

nutritional security to the poor due to their low
cost and widespread availability.

Ali and co-workers [45] investigated the
proximate composition and mineral content of
some commercially important marine fishes
(Fig. 2) collected from Kasimedu coast, Chennai,
India. The moisture content varied from 72.37 to
77.90 %, the crude protein ranges from 65.61 to
77.90 % with the highest crude protein observed
in  Amblygaster sirm and  Rastrelliger
brachysoma. The crude lipid content ranged
from 1.31 to 8.68 % with the highest content of
8.68 % observed in Sphyraena flavicauda. The
average ash content of the fish samples varied
from 1457 to 25.44 % with Nemipterus
japonicus and Epinephelus fuscoguttatus exhibit
the highest values of ash content of 22.1 and
25.44% respectively. It was reported that
although most of fishes are rich source of
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Fish species (Scientific name) Common name Moisture (%) Protein (%) Fats (%) Ash (%) Reference
Amblypinaryngodon mola Mola carplet 78.16 18.31 3.56 1.86 [47]
Channa gachua Dwarf snakehead 78.10 21.41 2.87 1.88

Channo punctatus Green snakehead 77.53 22.75 2.85 2.01
Chrysichthys nigrodigitatus Bagrid catfish 66.19 14.20 10.62 5.30 [48]
Cynoglossus senegalensis Large tonguesole 63.90 18.56 2.57 7.70
Polydactylus quadrifilis Giant African threadfin 67.54 17.83 3.39 5.94

Hilsa llisha Hilsa herring 55.28 20.77 18.88 1.23 [49]
Mugil cephalus Grey mullet 55.47 18.00 3.85 1.25

Silla$o sihama Northern whiting 56.79 17.47 3.45 1.20

Ailia coila Gangetic ailia 82.80 12.90 1.80 2.00

Bogrus docmak Sudan catfish 76.81 15.35 4.32 0.88 [50]
Clarias gariepinus African catfish 75.92 15.44 5.74 0.83

Cyprinus carpio Common Carp 77.24 17.25 1.26 0.94
Labeobarbus intermedius Baringo barb 78.18 14.98 2.32 0.92
Labeobarbus nedgia Nech asa 77.98 15.09 2.28 0.89

Aoricthyes aor Whiskered catfish 75.44 14.88 5.46 419 [51]
Barbodes somni Olive barb 68.24 17.20 9.95 4.58

Colla catla Catla 75.19 14.86 5.06 4.80

Labeo rohita Rohu 75.54 14.44 5.36 4.63

Wollago attu Helicopter catfish 77.64 15.00 4.08 3.24
Pseudotol/ithus efongofus Bobo croaker 78.24 13.40 0.36 7.17 [52]
Pseudoto/ithus typus Longneck croaker 76.17 16.17 0.46 7.28

Briri/ius pakistanicus Pakistani bariil 58.13 20.00 1.00 4.33 [53]
Garra gotyla Sucker head 72.13 14.dé 6.00 8.00
Schizothorax plagiostomus Snow trout 59.73 15.33 2.50 4.66

Pampus orgenteus Silver pomfret 73.30 18.60 5.60 1.20 [54]
Pampus chinensis Chinese silver pomfret 75.80 19.05 2.70 1.10

Pampus niger Black pomfret 73.80 19.60 3.60 1.40

Rastrel/iger brochyosomo Short mackerel 72.90 21.50 3.10 1.30

Rastreiliger kanagurta Indian mackerel 76.50 19.39 1.50 1.50

Tachysurus caelatus Engraved catfish 75.60 18.20 1.90 1.30

Tochysurus dussumieri Tropiese eebaber 76.10 18.30 1.60 1.20
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Fish species (Scientific name) Common name Moisture (%) Protein (%) Fats (%) Ash (%) Reference
Tachysurus sona Dusty catfish 76.60 17.90 2.20 1.90

Chrysicthys nigrodigitotus Bagrid catfish 80.10 19.30 0.88 7.S6 [55]
Nlalapterurus electricvs Electric catfish 75.90 16.80 1.33 3.95
Oreochromis niloticus Nile tilapia 76.40 17.60 1.89 3.84

Parachanna obscura Obscure snakehead 78.60 16.90 1.67 291

Clarias gariepinus African catfish 80.50 15.20 1.80 1.30 [56]
Lobeobarbus intermedius Baringo barb 80.40 15.40 2.40 1.40
Oreochromis niloticus Nile tilapia 79.00 18.80 0.60 1.40

Colossoma macropomum Tambaqui 79.25 20.73 0.84 1.21 [57]
Pioroctus brach/pomus Red-bellied pacu 70.47 16.79 9.23 0.97

Pioroctus mesopolamiCuS Pacu 73.75 25.00 4.34 1.28

Piaractus mesopotamicus x Colossoma Pacu x Tambaqui 79.17 21.44 1.24 1.25
macropomum

Clarias batrachvs Walking catfish 78.58 15.70 NA NA [58]
Heteropneustus fossilis Stinging catfish 71.20 18.14 NA NA

Mystus vittatus Striped dwarf catfish 79.41 14.49 NA NA

Epinephelus chlorostigma Brown spotted grouper 79.87 15.28 2.05 5.04 [59]
Parastromateus niger Black pomfret 80.65 17.21 1.66 3.42
PJectropomus oreolotus Squaretail coral grouper 79.55 17.28 2.97 5.03
Polysteganus coeruleo punctatus Blue skin sea bream 79.29 17.66 152 6.72
Pristipomoides multidens Gold banded job fish 77.90 16.74 2.53 5.07
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(d)

Fig. 3. The fish samples (a) llisha africana (b) Sardinella maderensis (c) Cyprinus carpio (d)
Arius parkii and (e) Ethmalosa fimbriata, collected from Douala fishing seaport. Reproduced
from ref [46] © 2023 The Authors

phosphorus, Amblygaster sirm, Rastrelliger
brachysoma and Epinephelus fuscoguttatus
have higher iron and calcium content. Recently,
Manz et. al. 2023 [46] investigated the proximate
composition of five food fishes, llisha africana,
Sardinella, maderensis, Cyprinus carpio, Arius
parkii and Ethmalosa fimbriata (Fig. 3) collected
from the Douala sea port, Cameroon Coast The
proximal composition was analyzed using AOAC
standard methods. The results of the
inversigation revealed that the content of
proteins (18.43%), and lipids (3.69%) were
higher in llisha Africana as compared to others.
However, Cyprinus carpio had the, highest ash
content (4.59%). All the species, contain various
minerals and heavy metals that followed the
order P> Mg > K >Ca > Na > Fe >2Zn > Cu >
Mn and Hg > Pb > Cd > As. The proximate
composition data w.r.t. four parameters viz.
moisture, protein, lipid and ash content
investigated by various research groups of some
fresh and marine water commercially important
food fish species is shown in Table 3.

3. FACTORS EFFECTING PROXIMATE
COMPOSITION

Fish have high nutritive value enriched with
essential nutrients, unique protein content of
high quality and easy digestibility. The chemical
composition of fish varies significantly between
species and also among the individual fishes
within the same species with the variation of age,

sex, reproducing cycle, breeding season and
region of catching [60,61]. The difference in
proximate composition may also be due to the
fact that the species belonged to different
locations. The variation in proximate composition
of food fishes may be influenced by species
location, age, season, and maturity within the
same species. For example, the lower protein
content of Amblypharyngodon mola may be
justified from the point of view that Channa
punctatus are carnivorous and consume animal
protein whereas Amblypharyngodon mola is
mainly a plankton feeder [47].

Basically, there are two important factors that
affect the proximate composition of fish. These
factors are endogenous and exogenous. The
endogenous factors include life cycle of the fish
i.e. life stage, size, age, sex, anatomical position
which are mainly genetically controlled [27].
Whereas, the exogenous factors are associated
with various environmental fluctuations and
changes in composition as well as the availability
of feed in fish habitat [62] and variations in the
temperature and salinity of the water body where
the fish is available [63]. Among the above-
mentioned factors, the exogenous factors,
however, possess a significant effect on the
proximate composition of the fishes. On the
other hand, other factors such as changes in
temperature, pH, salinity, light, dissolved oxygen
concentration have limited effect. The seasonal
variation in proximate composition has a
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significant influence on the nutritional qualities of
fishes which is supported by various studies on
seasonal variation in the proximate composition
of food fish [64]. It has been also found that the
variation in proximate composition were noticed
within the same species of fishes depending
upon the fishing area, age and sex of the
individual, geographical location of catching,
environmental conditions, spawning cycle and
food supply, sexual maturity, size and
reproductive status of the fish [65]. In addition to
these factors, it was reported that storage,
transport, handling and spoilage of fish may also
significantly affect the nutritional quality of fishes.
As soon as the fish becomes dead, due to
cessation of circulation leads to the diminution of
oxygen levels in the fish body and it results in the
known synthesis of ATP, as ETC and oxidative
phosphorylation are no longer functional [63].

The proximate composition of nine freshwater
fishes viz. Mystus vittatus, Ompok bimaculatus,
Channa striata, Wallago attu, Pangasianodon
hypophthalmus, Labeo bata, Labeo calbasu,
Cirrhinus reba and Puntius javanicus were
studied by Paul et. al. 2019 [66]. It has been
reported that the proximate composition basically
varied w.rt. season and body weight. The
moisture content of Labeo bata was higher in
larger fish (size >100 g) species during autumn
whereas, the protein content of Labeo bata was
found higher in smaller fish (size <100 g) species

during summer season [66]. However, Pal and
Ghosh, 2013 [67] had reported that within the
same season of the same year, the moisture
content did not vary significantly between small
and large fish [67]. The lipid content of Labeo
rohita, Catla catla and Cirrhinus mrigala was
found to be higher during summer regardless of
their body weights in comparison to the fish in
other seasons of the year [68]. The moisture
content higher in autumn and lower in summer
and fat content higher in winter and lower in
autumn due to the inverse relationship [69].
Proximate composition as moisture, protein, lipid
and ash content of Labeo gonius were found to
vary from season to season. A higher moisture
content was found in May than August. Most of
the fishes has higher moisture content and may
vary according to size, sex, season of the year
[70]. The protein content also show significant
variation. The highest value of protein was found
in May and the lowest value in August. The lipid
content has the highest value in the month of
July, while the lowest value was observed in in
May. The ash percentage was higher in August
and lower in May [71]. The ash content varied
among different species according to the size
and different seasons of the year. The muscle
proximate composition of some fish species in
different seasons as summer=Pre-monsoon
(pre-spawning), autumn=monsoon (post-
spawning) and Winter=post-monsoon (spawning)
season of the year are shown in Table 4.

Table 4. Seasonal variations in the proximate composition of some food fish

Species Particulars Summer Autumn Winter References
Sillaginopsis Moisture 77.60£0.15 76.26+0.03 57.79+0.21 [70]
panijus 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
Labeo gonius Moisture 72.67+ NA 72.84+ NA 72.42+ NA [71]

Protein 17.21+ NA 17.23+ NA 15.54+ NA

Lipid 4.73+ NA 3.92+ NA 4.02+ NA

Ash 5.21+ NA 5.87+ NA 7.19+ NA
Harpodon Moisture 82.21+2.07 88.15+0.96 85.54+0.17 [72]
nehereus Protein 27.61£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
Cyprinus carpio  Moisture 72.54+0.55 73.70+0.63 74.53+1.07 [73]

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
Sardinella Moisture 76.47+0.28 76.5+0.28 75.16+0.10 [74]
gibbosa Protein 17.5+0.14 15.5+0.20 15.43+0.23

Lipid 2.34+0.02 3.89+0.01 6.331+0.03

Ash 1.92+0.01 2.11+0.04 2.19+0.005
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Species Particulars Summer Autumn Winter References
Schizothorax Moisture 71.92+2.09 72.12+1.89 76.87+1.31 [75]
niger 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
Auxis hazard Moisture 79.71+0.36 74.87+0.18 76.55+0.34 [76]
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
Labeo boga Moisture 83.11+ NA 78.62+ NA 81.4+ NA [77]
Protein 16.41+ NA 16.46+ NA 17.21+ NA
Lipid 2.33£ NA 1.95+ NA 2.96+ NA
Ash 1.06x NA 1.03+ NA 1.17+ NA
Labeo calbasu  Moisture 77.27+ NA - 74.82+ NA [78]
Protein 14.6x NA - 16.13+ NA
Lipid 2.84+ NA - 3.65+ NA
Ash 1.99+ NA - 2.54+ NA

4. CHALLENGES AND SCOPE OF
FURTHER RESEARCH

The proximate composition of fishes will ensure
whether the fish fulfill the essential quality
parameters or not, which will help us to assess
the nutritional quality and commercial
importance of the food fish. This study is an
attempt to provide an in-hand data source about
the proximate composition of some
commercially important fish species which are
used by consumers as food in different parts of
the world. It will also help in assessing how
the nutritional qualities vary from species to
species depending on various factors. The
present study on the nutritional qualities of food
fishes w.r.t. the proximate composition shall
help the young researchers to carry out future
research on the nutrient profile of commercial
and economic fish species which are yet to be
studied. These types of studies provide a
basis for obtaining nutritional data and highlights
the importance of various nutrients found in
food fish. The studies on proximate composition
concentrates the nutritional values of various
food fishes and how the available food fish
may address the issues of malnutrition and
provide a nutritional profile of the various fishes
based on the biochemical profile of diverse
fishes. There are so many studies were carried
out by various research groups on proximate
composition, amino acid, fatty profile, vitamins
and mineral contents on various food fishes.
But, there are limited number of literatures
available on biochemical aspects and nutritional
values of fishes with respect to their
endogenous and exogenous factors as well as
seasonal variations. Therefore, it is very much
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essential to study the proximate composition
considering the important factors that affects the
proximate compositions significantly before
deciding about the nutritional profile of the fish
species.

5. SUMMARY AND CONCLUSION

The review paper suggests that the studies on
food fishes analyzed are nutrient-rich and can
be recommended as a vital health supplements.
It can be summarized that the nutritional studies
of the food fishes carry a key role to develop
scientific awareness among the citizens and
creative attempts to utilize the fishes in their
daily diets to mitigate the problem of
malnutrition. The government as well as the
local bodies and citizens must be aware of the
nutritional qualities and the importance of food
fishes in our daily diet, conserve the diversity of
food fishes and encourage aquaculture for
production of food fishes. We must create
awareness among the community people to
conserve the food fishes by regular monitoring
the fish fauna, to aware them about the best
time of catching fishes, to analyze the water
guality of the different water habitats of different
fishes and controlling the anthropogenic
activities.
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