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Abstract:

The seasonal variability in proximate composition and essential elements demonstrates that the habitat and feeding habits of fish
species play a vital role in energy transfer.

We aimed to ascertain seasonal variability in the biochemical composition (protein, lipids, carbohydrates, ash, and moisture) and
the amounts of Na, K, Ca, Mg, Mn, and Zn in the species Nemipterus japonicus, Epinephelus erythrurus, Nematalosa nasus, and
1lisha striatula inhabiting pelagic and demersal zones. We compared the nutritional profile of these fish species and their seasonal
importance. The essential elements were detected by flame atomic absorption spectrometry and found in the following order:
K > Na > Ca > Mg > Mn > Zn. To determine the proximate composition, we employed a number of methods: the Lowry me-
thod for protein analysis, the acid hydrolysis method for fat/lipid analysis, a formula for carbohydrates and moisture, and the
incineration method for ash content.

The spring inter-monsoon season showed the highest values for the essential elements in both pelagic and demersal species.
However, the pelagic species had the highest biochemical composition levels during the southwest monsoon. The autumn inter-
monsoon had the lowest bio-profile for the fishes of both regimes.

The summer season, which is not thought to be good for fish consumption, showed the highest biochemical composition levels in
the pelagic fish. The nutritional profile of fish flesh can be affected by feeding habits, seasonal variation, and habitat.

Keywords: Seasonal determination, proximate/biochemical composition, essential elements, health risk assessment, distinct
marine regimes
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INTRODUCTION

Feeding habits, habitat characteristics, and the inner

contributed 15% and remained on the top, while Pakistan
contributed merely 1.037% [4].

physiological rhythm are the key factors that maintain
the composition of macro- and micronutrients in orga-
nisms. The marine ecosystem is generally segregated
into pelagic and demersal zones where physiochemical
properties and behavioral adaptations of an organism
are of great concern [l]. Sustainable utilization of ma-
rine resources can fulfill global seafood needs [2, 3].
According to the FAO, the total fisheries production in
2018 worldwide was 96.4 million tons, to which China

The analysis of fish habitats reveals a great abun-
dance of biological resources and species distribution [5].
Feeding habits also vary according to the habitat. Pela-
gic fishes show different trends in feeding habits com-
pared to demersal ones because they are found on the
upper level of waters and hence depend largely on
microorganisms like plankton and small fishes. These
microorganisms make the largest biomass in the marine
environment and are an important fundamental link
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within the food chain [6]. On the other hand, demersal
fishes dwell near the bottom and mainly feed on fishes,
benthic organisms, and zooplankton [7]. Fishes of both
pelagic and demersal zones are of great importance in
nutritional values, but these values depend exclusively
on the specific feeding habit of a fish and its habitat cha-
racteristics. Nemipterus japonicus belong to the carni-
vorous species of the demersal zone, feeding on mol-
lusks, annelids, fish, and fish larvae. Their gut contains
crabs, shrimp, and fish juveniles [8]. Epinephelus ery-
thrurus is another group of species with a carnivorous
feeding behavior found mostly between 10 and 200 m.
Corals are an ideal habitat for these species, while their
ideal food includes large invertebrates including crus-
taceans and fishes close to the substrate [9].

Nematalosa nasus belong to omnivorous species [10—
12]. Interestingly, mud and sand account for the bulk of
their gut content, and their stomach is modified like a
gizzard. Both traits may be due to the bottom-feeding
habit of this species [13]. llisha striatula, a species with
a carnivorous feeding behavior, also has a gizzard-like
stomach [14].

Significance of proximate composition and essen-
tial elements. Longwe and Kapute stated that essential
elements and other nutrients (protein and fats) help to
increase a healthy and nutritious food supply [15]. Fish
contains vitamins A, D, and B, as well as vital elements.
Seafood consumption facilitates the overall nutritional
quality of a mixed diet [16]. Nutritional components of
fish have many functional benefits for humans, with
fish oil proven to be the most essential source of polyun-
saturated fatty acid [17, 18]. About 60% of food demand
is fulfilled by fish in developing countries [19].

Fish is primarily composed of water (72%), protein
(19%), and fats (8%) [20]. Seafood in general and fish in
particular contain a large number of metals as they can
accumulate these from their environment [21]. A blue
economy concept has been initiated in a few countries to
utilize marine resources in a better way and to promote
sustainable fishing. According to Sari and Muslimah,
the blue economy will also ensure food security, envi-
ronmental sustainability, and economic growth [22].
Gram and Dalgaard reported that along with fulfilling
the food demand, preserving fish with all its nutritional
values is a global challenge that accounts for 25% spoi-
lage of total production [23]. Although studies on the
nutritional values and proximate composition of fish
have been done throughout the world, including Pakis-
tan, there is a lack of comparative analysis of fish spe-
cies with different feeding regimes [24-26]. This ana-
lysis could help consumers choose a more nutritional
fish as part of their diet.

Protein. Seafood consumption plays an immense
role in meeting the protein requirement of the human
body. Among seafood, fish attain the top ranking in the
aquatic food chain and high-quality protein [27]. Fish
contain such macronutrients as water (63—84%), pro-
tein (14-26%), and lipids (0.1-17%), as reported by
Hui et al. [28]. Due to different habitat and physiological
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characteristics, the protein content varies at 18—20% in
demersal and pelagic fishes, respectively. In addition,
fish’s lean muscles are better protein carriers than those
of red flesh [28]. The demand for high-quality animal
protein, especially seafood, is steadily increasing along
with the global population [29]. Protein plays a vital role
in strengthening the immune system, body framework,
and circulatory system. Consuming fish as a source of
protein can prevent protein-calorie malnutrition. Pro-
tein also defends the human body against various micro-
bial infections and strengthens the immune system [30,
31]. Our diet consists of various sources of protein,
which is a major factor in the nutritional profile [32].
Proteins obtained from animal sources are conside-
red more significant than plant protein due to their
balanced combination of amino acids. Although all
animal proteins are equally healthy and nutritional
for humans, fish protein is easier to digest due to the
unique amino acid composition of fish muscles [33,
34]. Habitat differences also play a great role in the
structural composition of protein. Fish require less
structural support to move compared to land animals,
and therefore fish muscles contain less connective
tissue, which makes fish more tender and delicious.
Furthermore, cold- and warm-blooded variations also
show differences in the protein lipids of terrestrial and
aquatic animals [32].

Lipids. The meager presence of fats in seafood has
increased its market demand. However, the presence
of long-chain polyunsaturated fatty acid n-3 in fish
muscles increases the nutritious index of fish. Therefore,
fish should make up an essential part of the human
diet [35]. Co-specific species may have contrasting lipid
compositions due to variations in environmental con-
ditions, maturity, and age [36]. Hui et al. observed that
pelagic fish store lipids in the head and muscles, while
demersal species keep them in their livers and below
the skin [28].

Carbohydrates. The role of carbohydrates in fish is
essential because their deficiency may cause growth re-
tardation [47]. Moreover, carbohydrate deficiency can
limit the function of macronutrients in the fish body.
Nevertheless, cultured fish usually have a carbohydrate-
rich diet, which is consequently consumed by humans.
Carbohydrates have always been considered an excel-
lent source of human nutrition with great biological im-
portance. In fish, however, the importance of carbohyd-
rates varies over time depending on their ecosystem [38].
Mayer et al. reported a versatile range of marine carbo-
hydrate structures [39]. One of the primary functions of
carbohydrates is to provide energy by cellular respiration,
which is a fundamental constituent of protoplasm. Carbo-
hydrates participate in energy release and storage [40].
A wide range of marine carbohydrates is used in applied
sciences to produce nutrient supplements, cosmetics,
and pharmaceuticals. Most importantly, carbohydrates
play a biomedical role, providing benefits for human he-
alth against viral diseases and hematological effects that
reduce the risk of hemorrhage [41].
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Ash is inorganic matter that remains after the incine-
ration of the organic content. It promotes the physio-
logical and structural growth of the human body. Ash
estimation is important for presenting the total amount
of essential elements in fish meat [42, 43].

Moisture is one of the major bio-constituents of sea-
food. Moisture is around 80% in fresh fish muscles and
slightly lower in fattier fishes. The protein structure in
fish can hold moisture tightly even under high pressure.
However, prolonged storage of frozen or chilled fish
may affect the ability of protein to hold moisture in fish
meat [44]. Many species, particularly those containing
large quantities of lipid fat in the flesh and under the
skin, are replaced by water as the lipid energy reserve
is depleted [33]. Elemental composition shows inorga-
nic contents in the fish muscles, while proximate com-
position determines organic contents [45]. All elements
are divided into non-essential and essential elements
based on their harmful or useful effects on the environ-
ment and human health. Essential elements such as Cu,
Mn, Ni, Fe, and Zn are useful for aquatic organisms,
as well as humans, within permissible limits [46]. A
comprehensive study of metal concentrations in the
entire ecosystem of Hawks Bay, Karachi defined how
biotic and abiotic components are linked in terms of
metal sharing [14]. Further, the authors elaborated the
vulnerability of the important coastal ecosystem. Ac-
cording to Adewumi et al., increased concentrations of
essential elements, which go beyond the permissible li-
mits, cause them to accumulate in the human muscles,
while their deficiency causes the failure of various body
functions [45]. Such studies on metals in seafood are
of great importance today and they are quite common
throughout the world [21].

Fish is attaining great importance among healthy
foods available on the global market since it contains
a good combination of organic and inorganic essential
elements and proximate nutrients [47]. Essential ele-
ments are responsible for numerous functions of the
human body, including various enzymatic activities, as
well as anabolic and catabolic functions of cells [48].

Health risk assessment. Metals pose a significant
threat to people’s health [49]. Metals are found in the
edible tissues of fish species at the top of the aquatic
food chain and are absorbed by humans through in-
gestion [50]. Therefore, one of our aims was to deter-
mine the health risks of Mn and Zn accumulations in the
edible tissues of fishes from the Pakistan coasts.

Table 1 Fish identification, habitat, feeding habit, and gut content

STUDY OBJECTS AND METHODS

Fish sampling identification and laboratory hand-
ling. Two demersal and two pelagic fish species were
seasonally (northeast monsoon, spring inter-monsoon,
southwest monsoon, and autumn inter-monsoon) col-
lected from the Karachi Fish Harbor. The samples were
placed in an ice box and taken to the lab for analysis.
Distilled water was poured over the samples to avoid any
contamination. The species were identified by using the
FAO’s field guide and the Fishbase (Table 1) [51]. The
scientific name, habitat, feeding habits, and gut contents
were examined in the lab. The weight and length of the
samples were measured. The stomach of each sample
was removed, and the gut content was analyzed under a
binocular microscope.

Essential elements analysis. To determine essential
elements, 5 g of fish muscles (wet weight) was dried in
an oven at a maintained temperature for 6 h and then
homogenized to powder. Then, we shifted the homo-
genized sample to a beaker, added 5 mL of 65% HNO,,
heated the solution at 80—100°C until it became clear,
and filtered it through Whatman filter paper. Distilled
water was then added gradually to make up 100 mL of
the solution. The sample was then transferred to a glass
bottle and labeled for further analysis on an Analyst
400 flame atomic absorption spectrometer. The concent-
rations of elements were expressed as mg/L dry weight
for comparison [52]. Na and K were determined by flame
emission spectrometry, since their concentrations were
beyond the highest standards of selected elements in
atomic absorption spectrometry. However, Ca, Mg, Zn,
and Mn were determined by flame atomic absorption
in the presence of HCL lamps, as they provide precise
values even at higher concentrations.

Biochemical composition analysis. Lowry’s method
was modified for protein analysis, as described by
Esen [53].

The acid hydrolysis method was used for the AOAC
lipid analysis [54]. The ash content was measured
by incineration in a muffle furnace at 600-700EC for
5—8 h [55]. Moisture was determined as a difference bet-
ween dry and wet weights [53]. Carbohydrates, %, were
calculated by using the following Eq. (1) [52]:

Total carbohydrates = 100 — (Protein +
+ Fats + Moisture + Ash) )

Scientific name Habitat Feeding habit Gut content

Nemipterus japonicus Demersal Carnivore Fish, fish larvae, crabs, shrimps, mollusks

Epinephelus erythrurus Demersal Carnivore Crabs, shrimps, squids, gastropods, bivalves, worms, sand and mud,
small crustaceans, mollusks

Nematalosa nasus Pelagic Omnivore Marine plankton, algae including weeds, nematodes, seaweeds,
copepods, nauplius

Ilisha striatula Pelagic Carnivore Fish eggs, copepods, copepod eggs, shrimp, crabs
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Health risk estimation. The Pakistan Pure Food
Laws cover 104 food items and regulate chemicals, hea-
vy metals, as well as purity in raw food [56].

Fish muscle tissues were analyzed to evaluate the
risk of Mn and Zn concentrations for human health.
The daily intake of these metals from fish consumption
was estimated for adults. The estimated daily intake
(EDI) depends on metal levels and the amount of fish
consumed. The EDI of Mn and Zn was determined
using the equation below:

Chroa X Wt

metal

BWt

EDI= )

where C_ = is the concentration of Mn and Zn in
fish; Wi, represents the average daily consumption
of fish according to the National Bureau of Statistics
(Pakistan) and FAO’s international consumption surveys
(5.81 kg/capita/year), which is equal to 15.92 mg/kg/day;
BWt is the adult body weight of 70 kg [57]. The estima-
ted weekly intake (EWI) was obtained by multiplying
the EDI values by 7.

To estimate the human health risk from consuming
metal-contaminated fish, the target hazard quotient
(THQ) was calculated as per Regional Screening Levels
(RSLs) [58]. The THQ is an estimate of the risk level
(non-carcinogenic) due to contaminant exposure. It was
calculated as follows:

THQ = Coo X Wty x107 x EF x ED 3)
Rf.D. x BWt x ATn
where THQ is the target hazard quotient; C_  is the

concentration of Mn and Zn in fish, mg/kg;, Wi, is
the fish consumption rate, g/day; EF is the exposure
frequency, day/year, or the number of exposure events
per year of exposure; ED is the exposure duration, year;
Rf.D. is the reference dose, mg/kg-day; BWt is the body
weight, kg; and ATn is the averaging time, noncarcino-

gens, day/year. We used the reference doses establi-
shed by the United States Environmental Agency and
the Rik Assessment Information System [58, 59]. The
values for Mn and Zn are 1.4x10" and 3.0x107, respec-
tively [58, 59]. The hazard index (HI) from THQs can be
expressed as the sum of hazard quotients:

HI=THQ,,, + THQ,, 4)

The health protection standard of lifetime risk for HI
is 1 [58]. If HI = > 1.0, then the EDI of a particular me-
tal exceeds the reference dose, indicating that there is a
potential risk associated with that metal.

Statistical analysis. ANOVA was used to investigate
the data throughout the season for both proximate com-
position and essential elements, except for an autumn
inter-monsoon season (p < 0.05).

RESULTS AND DISCUSSION

We compared the essential elements and biochemical
composition of two pelagic and two demersal fishes to
understand their nutritional quality for human dietary
demands. Fish habitat, feeding habits, and gut contents
are given in Table 1. The average weight, length, and
number of the sampled fishes are indicated in Table 2.
The micronutrients, such as zinc (Zn) and manganese
(Mn), and macronutrients sodium (Na), potassium (K),
calcium (Ca), and magnesium (Mg) were extracted sea-
sonally (Table 3). The concentrations of micro- and
macroelements in our study show the same trends as
in [60, 61], namely K < Na < Ca. The lowest value of K
was observed during the autumn inter-monsoon season,
while its highest value was found in the spring inter-
monsoon season.

We found that food availability, season (winter-sum-
mer), pollution, and fishing pressures affect the levels
of nutrients in the pelagic and demersal fishes. Further,
the feeding habits and habitat of a fish can characterize

Table 2 Average weight, length, and number of fishes sampled in each season

Season Species name Length,cm  Weight,g  Pooled samples =~ Number of fishes in pooled samples
Northeast Nemipterus japonicus 20.48 114.29 3 25
monsoon Epinephelus erythrurus 28.18 308.29 3 25
Nematalosa nasus 22.24 136.18 3 25
1lisha striatula 21.87 93.56 3 25
Spring inter-  Nemipterus japonicus 20.04 113.33 3 25
monsoon Epinephelus erythrurus 28.10 304.38 3 25
Nematalosa nasus 22.34 136.79 3 25
llisha striatula 22.09 99.09 3 25
Southwest Nemipterus japonicus 20.31 110.67 3 25
monsoon Epinephelus erythrurus 28.18 304.38 3 25
Nematalosa nasus 22.24 136.18 3 25
Ilisha striatula 21.75 102.18 3 25
Autumn inter- Nemipterus japonicus 20.36 110.22 3 25
monsoon Epinephelus erythrurus 28.40 318.45 3 25
Nematalosa nasus 22.40 140.39 3 25
1lisha striatula 22.15 102.00 3 25
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Table 3 Macro- and micronutrients (mg/L) in dried fish samples expressed as mean and std

Seasons Species name Essential macronutrients Essential micronutrients
Na K Ca Mg Zn Mn
Demersal fish

Northeast Nemipterus 287.54+£233  408.260+1.762 80.48+0.32 11.490+0.436 1.82+0.03 0.06+0.03
monsoon Japonicus

Epinephelus  267.05+28.83 456.62+0.72 80.23+0.15 11.870+0.901 1.88+0.23 0.120+0.173

erythrurus
Spring inter-  Nemipterus 538.17+1.17  584.56+6.02 220.70+5.80 11.62+0.61 6.66+0.55 0.16+0.06
monsoon Jjaponicus

Epinephelus  425.06+595  407.55+57.50 177.86+39.52 15.880+0.508 2.95+0.50 0.28£0.05

erythrurus
Southwest Nemipterus 338.03+38.95 393.66+85.65 130.46=+52.25 11.16 +0.68 3.15+£0.02 0.18+0.08
monsoon Jjaponicus

Epinephelus 19573 +2.80  284.02+17.30 129.00+23.32 11.83+£0.30 2.22+0.01 0.28+0.05

erythrurus
Autumn inter-  Nemipterus 22033 +8.02  391.55+84.55 61.86+0.87 7.830+£0.005 1.53+0.28 0.05+0.02
monsoon Japonicus

Epinephelus ~ 67.143 +0.88 105.13 +£0.63 3521+0.10 7.05+0.02 1.65+£0.56 0.03+0.02

erythrurus

Pelagic fish

Northeast Nematalosa 241.13+£5.66  433.82+1.07 81.48+0.47 11.54+045 2.04+0.03 0.03+0.02
monsoon nasus

Ilisha striatula 178.130+0.551 392.51 +0.42 80.65+0.77 11.16+0.15 1.47+0.30 0.04+0.01
Spring inter-  Nematalosa 42533 £2544  490.29 £ 6.56 148.16 £ 16.91 11.53 +£0.38 2.67+0.24 0.41+0.01
monsoon nasus

llisha striatula 234.30 £ 46.07 436.53 +1.16 92.71+0.46  11.69+0.25 1.55+0.20 0.12+0.06
Southwest Nematalosa 22510+ 15.05 405.68 = 1.51 119.50 £10.96 13.67+0.29 1.26£0.07 0.13+0.01
monsoon nasus

Ilisha striatula 440.70 £ 15.50  393.67 £5.32 12723 +2.13 12.63+£0.35 17.66 £ 0.27 0.17 +0.01
Autumn inter-  Nematalosa 138.00 +£43.82 265.63+2.04 46.72+0.51 7.51£0.13 240+0.06 0.17+0.01
monsoon nasus

llisha striatula 17516 £1.95  474.83 +£4.93 56.29+0.14  7.51+£0.06 2.94+0.06 0.49+0.33

the categorical composition of nutrients in its flesh. To-
tal mineral contents in fish muscles range from 0.6—1.5%
in wet tissues [62]. Our study provided extensive seaso-
nal analytic data on the nutritional composition of two
pelagic and two demersal fish species sampled from
the Karachi fish harbor. The purpose of the seasonal
analysis was to observe the trends and fluctuations in the
concentrations of essential micro- and macroelements in
the fish samples and their proximate composition.
Seasonal variation in essential elements among the
four selected fish species was shown in the northeast
monsoon, spring inter-monsoon, southwest monsoon, and
autumn inter-monsoon seasons respectively. The con-
centrations of Na, K, and Ca were high in both the pela-
gic and the demersal fishes. Na had a higher concent-
ration in the demersal fishes than in the pelagic species
in our study. Its concentration was also higher than in
the study conducted by Nordhagen et al., who deter-
mined the same micro- and macroelements [63]. Higher
concentrations of Na and K in the demersal fish are due
to their diet and gender. Like crustaceans, they are a
great source of K, Na, and Ca [62]. The minimum va-
lues of Na in the demersal species were lower than its
minimum values in the pelagic species. Further, the
concentrations of Na in both pelagic species were lower
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than those reported by Nordhagen et al. and higher than
those determined by Lilly et al. [60, 63].

All the species were richer in K than Na, which may
be because fish have a high capability of accumulating K.
The concentration levels showed the same hierarchy as
the one observed by Ersoy and Celik, namely K < Na <
Ca < Mg [61]. Ca is found more in the demersal fishes
than in the pelagic ones. However, its highest levels we-
re observed in the spring inter-monsoon season, while
its lowest values were found in the autumn inter-mon-
soon season. The Ca values in both the demersal and
pelagic fishes were lower than the ones reported by
Nordhagen et al. but higher than in the study conducted
by Lilly et al. [60, 63]. In this study, Mg was found in
low concentrations similarly to Ca [60]. The demersal
species in our study showed the highest Mg levels du-
ring the spring inter-monsoon season. In the pelagic
zone, Mg was only slightly higher in the southwest mon-
soon season compared to the spring inter-monsoon.

The high concentrations of Na, K, Ca, and Mg in all
the four fishes in the spring inter-monsoon are due to the
mixing of water and a high availability of food during
this season, as well as heavy rainfall. Higher land runoff
from different areas results in increasing these elements
in a water body in particular seasons [61]. The same
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levels of metals were found by Ersoy and Celik [61], na-
mely K > Na > Ca > Mg. Stepanova and Lugovaya sug-
gested that high concentrations of Na, K, and Ca in
carnivore fish species were due to their diet and feeding
on other small fishes and crustaceans, which are the
greatest source of these elements [64]. Fish is usually
richer in K than Na because seawater is responsible for
the morphological alteration in fish.

Zn was greater in the pelagic fishes than in the de-
mersal ones. Afandi et al. suggested that it is because
pelagic fishes are more adapted to feeding at a higher
level in the food chain and they can easily bio-accu-
mulate Zn [65]. In our study, the concentrations of Zn
were below the permissible limit of 30 mg/kg establi-
shed by the Ministry of Agriculture, Fisheries and Food
in all the four seasons [66].

Other essential elements such as Mg and Mn varied
in the studied species. These micronutrients are necessa-
ry only in minute quantities since their high levels in the
muscles or tissues can increase metabolic reactions [67].
Excessive concentrations of these essential elements can
lead to health problems. For example, excessive con-
sumption of Mn causes hemochromatosis and may cause
thalassemia [68].

The spring inter-monsoon is the best season to utilize
seafood with high bio-nutrients, while the autumn inter-
monsoon season showed the lowest trends. Furthermore,
various morphological and physiological factors of spe-
cies, physicochemical factors of water, reproductive cyc-
les, and anthropogenic activities can affect metal accu-
mulation in fish muscles [69]. For example, anthropoge-
nic activities are lower during the winter season, which
can contribute to less metal accumulation in fish muscles.

The proximate composition of the fish samples was
also investigated seasonally, including the contents of
protein, lipids, carbohydrates, ash, and moisture (Table 4).
Our results confirmed that fish is a source of both bio-

nutrients and essential elements, but the bio-profile of
species helps to understand which fish is good to con-
sume in what season. The protein and lipid contents in
the targeted demersal species in our study were higher
than those in the study by Nordhagen et al. but similar
to those indicated by Nurnadia et al. [63, 69]. The car-
bohydrates showed higher trends when compared to
the study by Nurnadia ef al. [69]. Both species showed
higher bio-nutrients in the spring inter-monsoon season.
Nemipterus japonicus is carnivorous and feeds mostly
on crustaceans throughout the year, while Epinephelus
erythrurus is a migratory species that consumes more
food during the spring [8, 70]. Migration is due to an
abundance of nutrients, which could explain the high
protein-lipid and carbohydrate trends in the spring inter-
monsoon season for both demersal species. Further, phy-
siological, ecological, and physicochemical conditions
could also be a reason for the fluctuation of bio-nutrients
in the fish muscles [71]. The moisture content of the
demersal species in our study was high, while the ash
content was within the permissible limits, except during
the northeast monsoon season [69].

The protein content in the pelagic species under stu-
dy showed lower trends than in the study Nordhagen ef al.
and differed slightly from the study by Nurnadia et al. [63,
69]. The lipid content, however, showed similar trends
to those in these two studies. The carbohydrate content
in our study was higher than the one reported by Nurna-
dia et al. [69]. Both pelagic zone species, Nematalosa na-
sus and [Ilisha striatula, showed higher bio-nutrient
trends in the southwest monsoon season. This is due to
a huge share of plankton consumption in their diet [71].
The pelagic species showed the highest levels of protein,
lipids, and carbohydrates in the summer due to the abun-
dance of macronutrients in the pelagic zone. Since sum-
mer is a euphotic period with more light penetration, it
has ideal conditions for the growth of plankton [72].

Table 4 Proximate composition of wet fish muscles expressed in percentage and std

Seasons Species name Protein, % Lipids, % Carbohydrates, %  Moisture, % Ash, %
Demersal fish
Northeast Nemipterus japonicus 1631 +1.13 21.39+£0.18 19.88 +1.19 90.22 + 1.47 9.78 = 1.01
monsoon Epinephelus erythrurus ~ 22.01 + 0.69 20.48 +0.02 21.90+1.55 96.68 + 0.81 8.91 + 0.60
Spring inter-  Nemipterus japonicus 21.52+0.51 21.96 +£0.34 24.57+0.50 97.71 £4.57 2.29+0.21
monsoon Epinephelus erythrurus ~ 22.87 +0.30 21.51£0.08 24.49 +1.31 98.92 £ 0.90 0.28 £0.20
Southwest Nemipterus japonicus 18.15+1.00 20.74 £0.02 20.19+0.55 97.08 £ 0.38 2.16 £0.32
monsoon Epinephelus erythrurus ~ 21.14 £ 0.52 20.43 +£0.34 23.57+1.39 97.12+£0.78 1.99 + 0.44
Autumn inter-  Nemipterus japonicus 18.78 £0.67 20.61 £0.02 19.84 £ 0.41 90.21 +£9.11 0.77 +0.11
monsoon Epinephelus erythrurus ~ 15.65 +0.31 20.29+0.02 15.87+0.52 90.93 + 1.46 2.26 £0.53
Pelagic fish

Northeast Nematalosa nasus 19.14+0.79 21.65+0.18 20.74 +0.71 89.40 + 8.05 7.14 £ 0.90
monsoon 1lisha striatula 18.99 + 0.66 20.64 £0.17 20.22 +0.01 93.13+4.01 2.59+1.23
Spring inter-  Nematalosa nasus 13.72+0.25 20.68 +0.02 1491+0.17 93.40 +3.04 2.55+1.16
monsoon, lisha striatula 20.56 + 0.87 20.51£0.02 20.97 +£0.59 94.52 +1.93 3.88+0.56
Southwest Nematalosa nasus 19.32£0.62 22.40+0.01 22.96 +0.50 98.70 £ 1.12 1.30 £ 0.20
monsoon lisha striatula 22.59+1.20 22.47+0.12 28.14+0.91 98.93 +£0.81 1.07£0.53
Autumn inter- Nematalosa nasus 15.02 +0.04 20.49 +0.13 16.39 +0.58 98.40 +0.52 1.41£0.52
monsoon 1lisha striatula 13.47 +£2.49 20.48 +0.13 18.13+0.92 98.92 +0.90 0.28 £0.20
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This could be a reason for the high bio-nutrient content
in the summer season. Monsoon causes advection (when
warm air moves into a cool region) and upwelling, which
generate ocean currents and cause the mixing of nutri-
ents and photo-chemicals [73]. Also, there is a direct
link between plankton abundance and high proximate
composition values of pelagic species, as well as an indi-
rect relationship between fats and moisture [44]. In our
study, the moisture content was higher than in the study
conducted by Nurnadia ef al., while the ash content was
within the permissible limits with some variation [69].
Interestingly, we also found that the carnivorous species
showed higher carbohydrate levels than to the omni-
VOrous ones.

Carnivorous species contain a high level of starch or
carbohydrates, as observed by Moon [74]. Omnivorous
species use carbohydrates as a source of energy, while
carnivorous species show less or no use of carbohydrates
as an energy source, so the selection of food may also be
a cause of fluctuating carbohydrate levels between the
species with different feeding habits [37].

Apart from the seasonal differences, we found some
other interesting links, particularly a direct and indirect
link between the feeding behavior and the proximate
composition of the species.

Our study also showed an interesting link between
the species with omnivorous and carnivorous feeding
behavior. The omnivorous species are rich in lipids due
to their feeding on zooplankton, including copepods.
Zooplankton stores accumulate lipids in various body
parts. This selection of food could be a reason for high
lipid levels in N. nasus or omnivorous fish [73].

There is also an indirect link between protein and li-
pid levels, as well as a direct link between protein and
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carbohydrate values, which may be due to the changes in
reproductive stages and the physiology of the fish body.

The sampled species from the demersal zone sho-
wed the highest levels of essential elements throughout
the year, namely K > Na > Ca > Mg in the northeast
monsoon, spring inter-monsoon, southwest monsoon,
and autumn inter-monsoon, respectively (Fig. 1). Potas-
sium and Sodium were the most abundant macronut-
rients found in both species throughout the study period.
The demersal species N.japonicus and E. erythrurus
showed the highest values of macro- and micronutrients
during the spring inter-monsoon season and the lowest
in the autumn inter-monsoon season. Although both
N. japonicus and E. erythrurus are demersal species,
the contents of Na, K, and Ca were high in N. japonicus.
The concentration of K was significant in the spring
inter-monsoon and lowest in the autumn inter-monsoon
season. This may be due to the seasonal transition of
feeding. The proximate composition of both demersal
species showed the same trends throughout the year, with
the highest values in the spring inter-monsoon and the
lowest values in the autumn inter-monsoon (Table 4).
Although N. japonicus and E. erythrurus are both demer-
sal and therefore rich in protein, the levels of protein
and carbohydrates were higher in E. erythrurus. The fat
content was high in N. japonicus. Thus, our results sho-
wed a direct link between the protein and carbohydrate
levels and an indirect link between the protein and lipid
contents. The bio-nutrient profile of the selected species
is shown seasonally in Fig. 2.

N. nasus, one of the most ecologically important spe-
cies in Pakistan, showed the highest contents of macro-
and micronutrients between the both pelagic zone species
during the spring inter-monsoon season, with exception
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Table S Estimated daily intake, estimated weekly intake, target hazard quotients, and hazard index for Zn and Mn (mg/kg wet wt.)
for adults from the consumption of two demersal and two pelagic fishes

Seasons Species name Estimated daily Estimated weekly Target hazard Hazard
intake intake quotients index
Zn Mn Zn Mn Zn Mn
Demersal fish
Northeast monsoon Nemipterus japonicus ~ 4.1x10*  1.4x10° 2.8x10° 9.5x10° 1.4x10° 9.7x10° 1.5x10°
Epinephelus erythrurus 4.3x10%  2.7x10°  2.9x103 1.9x10* 1.4x10° 1.9x10* 1.6x10°
Spring inter- Nemipterus japonicus ~ 15.0x10* 3.6x10° 1.1x102 2.5x10* 5.0x10° 2.6x10* 5.3x107
monsoon Epinephelus erythrurus  6.7x10*  6.4x10°  4.7x10° 4.5x10* 2.2x10° 4.5x10* 2.7x107
Southwest monsoon Nemipterus japonicus ~ 7.2x10*  4.1x10° 5.0x10° 2.9x10* 2.4x103 29x10* 2.6x10°7
Epinephelus erythrurus  5.0<10*  6.4x10°  3.5x102 4.5x10* 1.7x103 4.5x10* 2.1x1073
Autumn inter- Nemipterus japonicus ~ 3.5x10* 1.1x10° 2.4x102 79x10° 1.2x10° 8.1x10° 1.2x107
monsoon Epinephelus erythrurus 3.8x10*  6.8x10° 2.6x103 4.8x10° 1.3x10° 4.8x10° 1.3x10°?
Pelagic fish
Northeast monsoon Nematalosa nasus 4.6x10*  6.8x10° 3.2x10° 4.8x10° 1.5x10° 4.9x10° 1.6x10°
llisha striatula 3.3x10*%  9.1x10° 2.3x10° 6.4x10° 1.1x10° 6.5x10° 1.2x10°
Spring inter- Nematalosa nasus 6.1x10*  93x10° 4.2x102 6.5x10* 2.0x10° 6.7x10* 2.7x1073
monsoon llisha striatula 3.5x10%  2.7x10°  2.4x10°  1.9x10* 1.2x10° 1.9x10* 1.4x10°
Southwest monsoon Nematalosa nasus 2.9x10%  2.9x10° 2.0x10° 2.1x10* 9.6x10* 2.1x10* 1.2x107
lisha striatula 4.0<10° 3.9x10° 2.8x102% 2.7x10* 1.3x102% 2.8x10* 1.4x10?
Autumn inter- Nematalosa nasus 5.5x10*  3.8<10° 3.8x10° 2.7x10* 1.8x103 2.7x10* 2.1x107
monsoon llisha striatula 6.7<10% 1.1x10* 4.6x10° 7.8x10* 2.2x103 7.9x10* 3.0x10°
Total 4.1x102  4.4x107

of Mg, which was highest in the southwest monsoon.
L striatula showed the highest values during the sou-
thwest monsoon season, except for K and Zn in com-
parison of both targeted pelagic zone species. The lowest
levels of all essential elements between both pelagic
species were observed during the autumn inter-monsoon
season, except for K and Mn (Fig. 1). N. nasus showed
the highest values of macro- and micronutrients during
the spring inter-monsoon, except for Ca. /. striatula sho-
wed the highest macronutrient values (Na, Ca, and Mg)
during the southwest monsoon, except for K (Fig. 1).
N. nasus showed the highest proximate composition va-
lues during the southwest monsoon, except for the ash
content. 1. striatula showed high proximate composition
values during the southwest monsoon, while ash was
high in the northeast monsoon season. The protein and
carbohydrate contents were found higher in 1. striatula,
while N. nasus showed a higher lipid content throughout
the season (Fig. 2).

Risk assessment. Provisional tolerable weekly in-
take estimates the amount per unit body weight of a
likely hazard contaminant in fish that can be consumed
over a lifetime without risk of unfavorable health ef-
fects. Provisional tolerable weekly intake is meant to
emphasize that long-term exposure is substantial for me-
tals that accumulate in the body. Adverse effects for
people are observed with many metals in the range of
exposure. Provisional tolerable weekly intake should be
compared to well-established and internationally accep-
ted tolerance. Provisional tolerable weekly intake is
established for metals that do not leave the body in-
stantly and may remain there permanently. The provi-
sional tolerable weekly intake safe level for Zn is 7, but
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the Joint Expert Committee on Food Additives has not
established such a level for Mn [75, 76].

Assumptions are used in risk assessments. The US
Environmental Protection Agency’s Regional Screening
Levels and the Risk Assessment Information System
present methods for estimating the non-cancer risk [58,
59]. The theoretical and estimated lifetime target hazard
quotients were calculated for adults exposed to Mn and
Zn from the consumption of fish from Pakistan coasts of
the Arabian Sea (Table 5).

The hazard index of less than 1 indicates that the
estimated exposure is below the USEPA reference dose
for the relevant metals for all seasons and both demersal
and pelagic fish species. We found that the hazard index
value for Mn and Zn was lower than standard 1 for all
four fish species, demonstrating that the ingestion of
these fishes from Pakistan coasts of the Arabian Sea will
not result in overexposure to these contaminants. Thus,
they have no adverse effects on the health of consumers.

The estimated daily intake was calculated by taking
the weighted average of Zn and Mn in each fish species
and multiplying it by the respective consumption rate.
The daily intakes of Zn were estimated between 0.000286
and 0.004 mg for adults during all seasons, much lower
than the Rf.D. value (0.3 mg/day) [58, 59]. The estima-
ted weekly intakes for adults were between 0.002 and
0.028 mg/kg, respectively. The safe provisional tolerab-
le weekly intake value for Zn is 7 mg per kg of body
weight [75]. In our study, the Zn levels were quite below
this safe value.

The daily intakes of Mn were calculated between
0.000011 and 0.00011 mg for an adult, which is well
below the Rf.D. (0.14 mg/day) [58, 59]. The provisional



Gull A. et al. Foods and Raw Materials. 2024;12(2):361-372

tolerable weekly intake value for Mn has not been es-
timated yet [76]. Although there is no specific assessment
of Mn, it appears that Mn in fish contact materials does
not cause any concern [76].

CONCLUSION

Our overall results validated that macronutrients
such as K and Na were present in significant quantities
in the fish inhabiting both pelagic and demersal zones.
The spring inter-monsoon was found to be the season in
which essential elements peaked. Therefore, this season
can be suitable for fish consumption. Our study also
found that the demersal zone showed a good bio-nutrient
profile in the spring inter-monsoon season, while the
pelagic species were high in bio-nutrients in the summer
(southwest monsoon) season.

It cannot be ignored that feeding habits play a vital
role in energy and nutrient flows in an ecosystem. Inte-
restingly, the carnivorous fishes accumulated carbohyd-
rates more sufficiently than the omnivorous fishes in

our study. We also observed a direct link between pro-
tein and carbohydrates and an indirect link with lipids.
We hope that our study will help to understand the nutri-
tional dynamics and energy flow in different species
and zones.

The risk assessment showed that the two demersal
and two pelagic fish species in our study had Zn and Mn
levels below the allowable values, and the estimation
of non-carcinogenic risk revealed no possible adverse
effects on human health.
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