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ABSTRACT

Dietary habits have illustrated a prominent impact on the better immune system and functions in human
populations. As a high resource of various nutritional elements, the consumption of fish-based food is remarkably
suggested for better health. This paper explores the nutritional evaluation of Terapon jarbua with special inference
to the proximate composition and quantification of minerals and vitamins during the different climatic seasons of
two consecutive years. The study elucidated a high concentration of protein in the pre-monsoon season of 2017
(13.28 = 1.04 %) and fat (12.73 = 0.21 %) in pre-monsoon season of 2016. The maximum vitamin concentration
(0.47 £ 0.01 mg) was obtained during the pre - monsoon season of 2017.Various minerals such as calcium (384.26
+ 4.41 mg), phosphorus (2240.69 = 19.23 mg) and iron (9.84 + 0.25 mg) were detected in higher concentration
during the pre-monsoon period. Post-monsoon season exhibited a higher concentration of magnesium (473.14
+ 3.45 mg) and sodium (482.02 + 16.15 mg). The nutritional quality envisaged in the study suggests Terapon
Jjarbua as an eminent fish choice to be incorporated into the diet for essential elements. The knowledge about the
probable season of maximum nutritive value enhances the capturing and marketing of the fish as a sustainable
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1. Introduction

Attaining a level of zero hunger and malnutrition in 2030
should necessitate prominent dietary shifts that comprise
augmenting the consumption of nutrient-rich elements
among individuals inhabited in developing countries
(Dlamini, 2020). Specifically, human health primarily
hangs on numerous imperative elements that are to be
integrated into the diet without which sundry deficiency
disorders and ailments can arise (Bene et al., 2016). In the
past few years, animal-source foods have been prominently
used since such foods can provide highly bio-available
nutrients that are not found in other food sources. Because
of their simple accessibility, economic benefits, and high
nutritional value, fish have replaced animals as the primary
food source in developing nations (Jennings et al., 2016).
The nutrient elements of fishes primarily consist of easily
digestible high-quality proteins, encompassing entire
essential amino acids, highly unsaturated fatty acids
(HUFA), polyunsaturated fatty acids (PUFA), mainly
the omega-3 fatty acids, eicosapentaenoic acid (EPA),
and docosahexaenoic acid (DHA), Vitamin (D, A and B)
and Minerals (Calcium, Iodine, Zinc, Iron and Selenium)
(Gladyshev, et al., 2009). In addition to the presence of
these elements in higher amounts, it was also perceived
that the extent fluctuates according to the species collected.
Because of the conservation perspectives and sustainable
use of aquatic resources along with their taste, nutrition,
low cholesterol level, and ability to prevent coronary
artery diseases, recent years have hence implemented the
applicability of various strategies allied with aquaculture,
which dealt with the mass production of fish for dietetic
necessities, especially for proteins (Subasinghe, 2017).

Protein from fish has usually been known to be indispensable
for maintaining the proper health, and reproduction of
human beings. Marine fishes are known to provide all
the necessary amino acids and fatty acids required for
the growth and maintenance of the body (Mohanty et al.,
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2019). One such prominent element, calcium available
from the fish food resources is previously known to play
a significant role in the majority of metabolic processes
including providing bone density (Ashraf ez al., 2020). The
way of getting calcium is comparatively not much easier
than the other elements since it is mainly ingested into
the body through a diet that contains calcium- rich food
(Guéguen and Pointillart, 2000). Fish can be used to get
various kinds of other nutrients and elements including
phosphorus, iodine, selenium, zine, calcium, phosphorous,
and potassium (Lall, 2022). In addition to the introduced
elements and their benefits for the human population,
selenium has been known to constitute a major role allied
with antioxidant enzyme mechanisms (Chauhan et al.,
2019).

Diverse fish species have been studied in India for their
nutritional composition. Proximate composition of 17
species of Indian fishes was done by Ayyappan et al. (1976).
The nutritional composition of commonly available fish in
Agatti Island water of Lakshadweep Sea was evaluated by
Dhaneesh ef al. (2012). Previous studies on the proximate
composition of fishes landed in Thoothukudi, Nagapattinam
and Parangipettai coasts mainly examined the comparative
difference of nutritive value of different fish species (Palani
Kumar ef al., 2014). Thomas and Manju (2015) studied the
comparative evaluation of nutrients in three perciforme
fishes from Kerala coast. However studies on the seasonal
variation of nutitional composition of Terapon jarbua
which is a common food fish available across Kerala coast
has not been reported so far. The nutritional composition of
the species has to be addressed to estimate the availability of
essential nutrients so as to evaluate the relevance of the fish
as a dietary source. In this ground, the current investigation
has aimed to unveil the nutritional composition of Terapon
Jjarbua by estimating the proximate composition, vitamins
and mineral content.




36

Seasonal variation and bioavailability of vital elements recommend Terapon jarbua as a source of sustainable nutrition

2. Materials and Methods

2.1 Sample collection and processing

Samples of Terapon jarbua were collected from the
Vizhinjam coast, South India during the pre-monsoon,
monsoon and post- monsoon periods of 2016 and 2017.
Specimens were identified by phenotypic traits and
morphometric counts. For the biochemical analysis, the
upper dorsal half muscle of the sample was removed
just beneath the dorsal fin. Samples of similar length and
weight were subjected to analytical studies as proposed by
Williams (1984).

2.2 Estimation of proximate components

Proximate parameters (carbohydrate, fats, protein, moisture
and ash) of Terapon jarbua were carried out following the
methods by AOAC (2000).

The total protein present in the fish sample was quantified
following the procedure of AOAC by Kjeldahl method.
The fat content was evaluated using the Soxhlet apparatus.
The moisture content was determined by drying the
previously weighed sample in an electric hot oven at 105°
C. The percentage of moisture content was calculated by
comparing the two weights as denoted in the formula given
below.

Moisture % = Wet weight of tissue — Dry weight of tissuex 100

Wet weight of tissue
The ash content was determined using muffle furnace
ignition for 12-15 hours at 500°C and the estimation was
carried out by finding the difference between the initial
weight and the final weight. Carbohydrate content was
obtained on difference calculation. It was computed by
adding percentage moisture, and crude protein and then
subtracting the amount from 100.
2.3. Estimation of vitamins
High-Performance Liquid Chromatography (HPLC)
technique was chosen for the vitamin content estimation
as described by Devi et al. (2012). Fish oil of 2.0 g was
extracted and repressed with 30 ml methanol and 150 %
potassium hydroxide (KOH) in a water bath for 30 min.
Petroleum ether was used for the extraction of fat-soluble
vitamins which were then dissolved in 10 ml acetonitrile.
The Fat soluble vitamins were estimated by injecting
20 pl of the sample in HPLC (Thermo Scientific Dionex
UltiMate 3000) with C18 RP column and UV detector and
further identification and quantification were carried out by
comparing with the vitamin standards of Sigma-Aldrich
(Chatzimichalakis et al., 2004).
2.4 Estimation of Minerals
The minerals in the sample were analysed from a solution
obtained when 5g of the samples were digested with nitric
acid (HNO,) and perchloric acid (HCIO,). The mixtures
were placed in a water bath and evaporated almost to
dryness. An atomic absorption spectrophotometer was used
to analyze the minerals separately after acid digestion of
the sample as described by AOAC (2000).
2.5. Statistical Analysis
The statistical analysis of the obtained data was conducted
using SPSS 16.0 version software. The one-way ANOVA
analysis at p<0.05 was done and the significance mean was
compared by Duncan’s multiple range tests.

3. Results
3.1 Proximate composition

The proximate composition of the fish, Terapon jarbua was
done to find out the protein, lipids, carbohydrates, ash, and
moisture contents and the findings are summarised in Table
1. The proximate composition was analysed during three
different seasons and the highest protein concentration was
detected in the pre-monsoon season of 2017 (13.28 + 1.04
%) and 2016 (12.88 £ 1.44 %) predominantly. Comparing
the protein concentration data during 2016 and 2017,
constancy in the values has been observed in all the seasons
(Pre-monsoon (13.28 + 1.04 %); monsoon (11.21+1.07 %);
post-monsoon (12.28 + 1.11 %) of 2017. Also, there was
a noticeable increase in protein concentration from 10.11
% to 12.88 % in 2016 and from 11.21 % to 13.28 % in
2017. While considering the seasonal variations along with
the comparison of protein composition in both years, the
lowest concentration (10.11£1.23 %; 11.21 £1.07 %) of
protein was estimated during the monsoon season of 2016
and 2017 respectively. The present study estimated that
the protein concentration of Terapon jarbua occurs in the
range of 10.11+1.23% to 13.28+1.04 %.

Compared to other components, carbohydrate concentration
was observed to be low in Terapon jarbua. The maximum
concentration (1.87 £ 0.78 %) of carbohydrates was
detected in the post-monsoon season of 2016. The
lowermost concentration (1.02 + 0.15 %) of carbohydrates
was in the monsoon season of 2017. During the year 2016,
variation in the concentration remained in the range of 1.16
+0.99 % to 1.87 +0.78 % while in 2017, it was in the range
0f 1.02 £ 0.15 % to 1.75 + 0.25 %.

The fat content of Terapon jarbua was analysed during
different seasons throughout the two years and found that
the maximum fat production occurred during the post-
monsoon season. Specifically, the maximum percentage
(12.73 £ 0.21 %) of fat was observed during the pre-
monsoon season of 2016 while the lowest percentage (9.16
+ 1.33 %) of fat was in the monsoon season of 2016 (Table
1).

The moisture content of the muscles of the fish sample
Terapon jarbua during the three different seasons over
the two years indicated that the pre-monsoon season
of 2017 had the highest percentage (78.22 + 0.63 %) of
moisture content whereas the least amount (64.22 + 0.55
%) of moisture content was detected during the monsoon
season of 2017 which have been represented in Fig. 1. The
monsoon season of the year 2017 experienced a remarkable
decrease in the moisture content of fish muscles with a value
of 64.22 + 0.55 %. Findings of the year 2016 displayed a
minute deviation in the moisture concentration from 75.88
+ 1.64 % to 76.34 £ 1.33 % through the seasons, pre-
monsoon to post-monsoon.

Ash content, which is one of the most important
components of the biochemical composition of a fish body
was assessed to estimate the seasonal variations during the
years 2016 and 2017. According to the results, the post-
monsoon season of the year 2017 evidenced the highest
ash percentage with 1.99 =+ 0.12 % while the lowest ash
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Table 1. Proximate composition of Terapon jarbua during pre-monsoon,
monsoon and post- monsoon seasons in 2016 and 2017

Parameter

Mean=SD (2016) Mean=SD (2017) Range

Pre-monsoon(March-May)

Total Protein (%)  12.88+1.44°
Carbohydrate (%)  1.46+0.76°
Fat (%) 10.76+1.92°
Moisture (%) 75.88+1 .633
Total Ash (%) 1.79+0.39
Monsoon (June-September) b
Total Protein (%) 10.11i1.2%
Carbohydrate (%) 1.16+0.99
Fat (%) 9.16+1.33¢
Moisture (%) 75.26£1.072
Total Ash (%) 1.06+0.22°

Post-monsoon (October-F ebruar)g

Total Protein (%) 12.18+1 .0§
Carbohydrate (%) 1.87+0.78
Fat (%) 11.55+1.95°
Moisture (%) 76.34+1.332
Total Ash (%) 1.05+0.32°

13.28+1 .Oéb 8.73-14.29
1.5240.25 0.34-3.21
12.06+0.44° 6.61-13.74
78.22+0.632 73.5-78.97
1.22+0.14° 1.17-2.36
11.2141.07° 8.73-14.29
1.02+0.15° 0.34-3.21
11.06+0.95° 6.61-13.74
64.22ﬂ:0.5§a 73.5-78.97
1.03+0.12 1.17-2.36
12.28+1.11°¢ 8.73-14.29
1.753t0.25‘3b 0.34-3.21
12.73+0.21 6.61-13.74
74.22ﬂ:0.6éa 73.5-78.97
1.99+0.12 1.17-2.36

content was observed during the monsoon season of the
year 2017 with a value of 1.03 + 0.12 %. Considering the
year 2016, the maximum percentage of ash content was
observed during the pre-monsoon season at 1.79 + 0.39 %
while the post-monsoon season had the lowest percentage
of 1.05 +0.32.

3.2 Vitamins

The whole vitamin content estimation of the fish species,
Terapon jarbua was done during the pre-monsoon,
monsoon, and post-monsoon seasons of 2016 and 2017
(Table 2). Among the three seasons, the pre-monsoon
season experienced a high content of vitamins with values
of 0.43 + 0.03 mg, 0.47 + 0.01 mg in the years 2016
and 2017 respectively. There was a slight increase in the
vitamin concentration from 0.31 + 0.07 mg to 0.47 = 0.01
mg during the year, 2017, and a similar deviation occurred
in the year 2016 from a concentration of 0.34 + 0.15 mg to
0.43 £0.03 gm.

3.3. Minerals

The estimation of the mineral profile of the fish, Terapon
Jjarbua was carried out to find the concentration of essential
elements including calcium, phosphorus, iron, magnesium,
and sodium during pre-monsoon, monsoon, and post-
monsoon seasons of the year 2016 and 2017 which is
presented in Fig. 2. When the concentration of calcium
was assessed, the highest value of 384.26 + 4.41 mg was
observed during the pre-monsoon season in 2016 and the
lowest concentration of 376.53 + 8.40 mg was during the
monsoon season. A notable variation of 313.74 + 7.21
mg to 384.26 + 4.41mg in the calcium concentration in
Terapon jarbua was detected during the transition from the
year 2016 to 2017.

Compared to all other mineral constituents phosphorus had
the highest concentration in both 2016 and 2017 as shown
in Table 2. Pre-monsoon season experienced the highest
concentration value of 2240.69 + 19.23 mg and 2276.69

Fig. 1. Proximate composition of Terapon jarbua during pre-monsoon,
monsoon and post -monsoon seasons in 2016 and 2017
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Table 2. Mean concentration and range of vitamin-mineral analysis of Terapon jarbua.

Samples/elements (mg) Mean+SD (2016) Mean+SD (2017) Range
Pre-monsoon (March-May)

Vitamin 0.43£0.03° 0.47+0.017 0.39-0.49
Sodium (Na) 439.4124.22°  449.0245.15° 429.34-484.18
Calcium (Ca) 384264419 3837423219 390.52-401.47
Iron(Fe) 9.8440.25° 9.12+0.75° 9.61-10.23
Magnesium (Mg) 416.91%3.79¢ 468.14+3.19 406.92-489.72
Phosphorous (P) 2240.69+£19.23%  2276.69+8.73%  2192.96-2381.23
Monsoon(June-September)

Vitamin 0.34+0.15" 0.3140.077 0.39-0.48
Sodium (Na) 412.92+4.94 402.08+16.15°  429.34-484.18
Calcium (Ca) 376.53:8.409  313.7427.219 390.52-401.47
Iron (Fe) 8.32+3.76° 8.12+0.75° 9.61-10.23
Magnesium (Mg) 408.99+6.79° 445.14+3.08P 406.92-489.72
Phosphorous (P) 2101.55+1631%  2116.69+9.23%  2192.96-2381.23
Post-monsoon(October-February)

Vitamin 0.36+0.03 0.34+0.07" 0.39-0.48
Sodium (Na) 4161312045 482.02+16.150  429.34-484.18
Calcium (Ca) 379.19+1.96 368.74+7.21 390.52-401.47
Iron (Fe) 8.9420.45° 9.5240.75° 9.61-10.23
Magnesium (Mg) 423.29ﬂ:1.36b 473.14+3.45° 406.92-489.72
Phosphorous (P) 2130.82+19.05%  2203.45+£7.78%  2192.96-2381.23

Value represents mean+SD of triplicates

Fig. 2. Mean concentration and range of vitamin-mineral analysis of Terapon jarbua

during 2016 and 2017

+ 8.73 mg in the years 2016 and 2017 respectively. The
lowest concentration of 2101.55 = 16.31 mg was noticed
during the monsoon season of 2016. Similarly, the pre-
monsoon season of the year 2017 had a lower concentration
(2116.69 + 9.23 mg) of phosphorus.

Iron content in the fish was estimated and found that
seasonal variations were negligibly low. The pre-monsoon
period exhibited the highest concentration with a value of
9.84 + 0.25 mg during both years 2016 and 2017. And a
concentration percentage of 9.52 + 0.75 mg was observed
in the post-monsoon season.

The magnesium concentration exhibited varying levels
according to different seasonal periods in both years and
the monsoon season had the lowest content of magnesium
in both years. The post-monsoon season had the highest
values of magnesium with 423.29 + 1.36 mg in the year,
2016 and 473.14 £ 3.45 mg in 2017. During the year
2017, the highest concentration of sodium was in the
post-monsoon season having a concentration of 482.02 +
16.15mg. Meanwhile, in 2016 the highest concentration
of sodium was observed during pre-monsoon season with
43941 +4.22mg.
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4. Discussion

The thorough and elaborate profiling of the nutrients
of Terapon jarbua focusing on the seasonal variations
envisaged the proximate composition and presence of
essential elements in the fish body. During the period of
study, the highest protein concentration (13.28+1.04%
and 12.88+1.44 %) was observed in pre-monsoon season
of 2017 and 2016 respectively. The protein concentration
varied from 10.11 % to 12.88 % in the year 2016 whereas
in 2017 there was an increase from 11.21% to 13.28 %. The
study shows that the protein level declined in the monsoon
period more than the pre-monsoon and post-monsoon
seasons. Such a kind of decrease in protein content was
evidenced in similar studies that worked on comprehending
seasonal variations in proximate composition and nutrients
of fish varieties suitable for human consumption (Langer
et al., 2008, Sivakami et al., 2011). This steady decline
in protein concentration in the monsoon season is due to
the high energy requirement for spawning. In this period,
protein is utilized for ovulation, gonad formation, and
gonadocyte development. The findings of the present
study on protein concentration of the fish (ranging from
8.73+£14.29 to 13.28£1.04) is in accordance with the results
of the studies that evaluate the nutrient composition of fish
varieties of Lakshadweep (Dhaneesh et al., 2012). The total
ash and carbohydrate contents in the fish, Terapon jarbua,
were detected in very low quantities during the monsoon
season which is similar to the results of the investigation
by Dhaneesh ef al., (2012). The moisture content of the fish
species varied along with the seasonal changes and it ranged
between the values of 64.22 £ 0.55 % to 78.22 £ 0.63 %.
Pangasianodon hypophthalmus and Puntius javanicus also
exhibited moisture content at the same level ranging from
64.53+0.68 to 74.88+0.66 and 65.75£1.10 to 77.28+0.2
respectively. The total ash content in the fish was noticed to
be the least with 1.03 £ 0.12 % in the monsoon season which
is in correlation to the percentage of protein content. The
highest concentration of ash, 1.99 + 0.12 % was observed
during the post-monsoon season. A higher concentration of
ash content in Terapon jarbua than other perciforme fishes
like Pristipoma maculatum and Terapon quadrilineatus
was reported by Thomas and Manju. (2015). Similar total
ash concentration was noticed in other fish species such
as Thunnus albacares (13.69%), Parupeneus bifasciatus
(6.12%), Hyporhamphus dussumieri (6.97%) and T.
albacares (1.65%) (Dhaneesh et al., 2012). The sufficient
amount of ash contents denotes the availability of food
required for the development of fish in the environment as
well as the presence of good quantities of mineral contents
in the fish which again reveals the nutritional potential of
the fish (Shabir ez al., 2018).

Total fat content in Terapon jarbua also showed a seasonal
fluctuation during the two years of study. Monsoon season
showed a low concentration (9.16 + 1.33 %) of ash and the
highest percentage (12.73 + 0.21 %) of fat was recorded in
the pre-monsoon season. Lipid content is greatly influenced
by the diet conditions, and size of the fish (Hickling, 1945).
Fat content is more aligned with the direct food availability
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of the fish species from its environment (Shalders et al.,
2022).

In the present study, the composition of minerals, namely
iron, sodium, potassium, calcium, magnesium and
phosphorous was estimated to uncover the nutritional
significance of Terapon jarbua. Since the high incidence
of the minerals such as calcium and phosphorous in bony
fishes is associated with their increased nutritional value,
the present results regarding the seasonal deviation in the
percentage of each mineral make an ample contribution
to the scientific field (Martinez-Valverde et al., 2000).
Though iron concentration varies with each fish species,
high content (14.43 + 4.1 mg) of iron was reported from
Amblypharyngodon mola in a previous study (Wheal et al.,
2016). In the present study, iron content remained stably
high with a concentration of 9.84 £+ 0.25 mg in the pre-
monsoon season consistently throughout the two years,
denoting that Terapon jarbua is rich in iron.

Sodium, being a vital component for the proper function of
muscles is a major constituent mineral in the fish muscle.
A sodium concentration of 482.02 mg was detected in
this investigation during the post-monsoon season. The
sodium content ranges from 30 to 381 mg/100g within both
freshwater and marine fish species indicating the fish as an
ample source of sodium (Masamba et al., 2015).

The maximum magnesium content in the fish was obtained
during the post-monsoon season of the year, 2017 with a
concentration of 473.14 + 3.45 mg. Based on the results of
the study, magnesium levels are significantly higher than
those of previous studies that indicated low magnesium
content, up to 34 - 58 mg/100g (Adeniyi et al., 2012).

Fish is generally believed as a good source of calcium and
Terapon jarbua has been observed to have a maximum
range of 482.02 + 16.15 mg calcium present in it during
the post-monsoon season. Fish species such as Brycinus
lateralis and Barbus poechii had increased calcium
contents of 959 mg/100 g and 1290 mg/100 g respectively
(Masamba et al., 2015).

Phosphorus marked high quantities in the fish, Terapon
Jjarbua with a maximum value of 2276.69 + 8.73 mg and
2240.69 + 19.23 mg in the pre -monsoon season of 2016
and 2017 respectively. Similarly magnesium level was
also reported at a high concentration of 1375mg/100g
from Barbus poechii which is a small-sized fish variety
(Masamba et al., 2015).

For proper body metabolism, vitamins play a vital role, and
fish products provide a good supply of vitamins especially
vitamins A and D. The study exhibited maximum vitamin
concentration of 0.47 + 0.01 mg during the pre-monsoon
season of 2017. As per the results of a similar previous
study, high quantities of vitamins are present in the fish
species, Hyporhamphus dussumieri (5.29 mg/100 gm)
during pre-monsoon months (Dhaneesh et al., 2012).

The current investigation suggests that Terapon jarbua is
a nutritious fish that can supplement diets with adequate
amounts of protein, minerals, and vitamins.
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5. Conclusion

The present study unveiled the dietary significance of
Terapon jarbua by summarizing the nutritional status of
the fish. The findings evidently indicated that the candidate
fish as a rich source of proteins, minerals and vitamins.
The outcomes from the investigation emphasized the
well-adjusted proportion of the mineral contents such as
iron, calcium, magnesium, phosphorus, and sodium as
well as the presence of vitamins. This study contributed
to a deeper comprehension of the nutritional value of
this species, which currently occupies only a small

highest nutritional value was determined by the nutritional
evaluation performed in three different seasons. Thus the
study highlighted the significance of Terapon jarbua as a
good dietary fish and thereby exemplified the commercial
importance of the species.
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