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Distribution patterns of
antioxidants in the organs of
anadromous fish Tenualosa ilisha
(Hamilton, 1822)—a profiling in
different age groups for future
application in anti-aging
Hena Chakraborty1,2, Basanta Kumar Das1*,
Nabanita Chakraborty1, Amiya Kumar Sahoo1

and Joydev Maity2

1ICAR-Central Inland Fisheries Research Institute, Barrackpore, India, 2Department of Fisheries
Sciences, Vidyasagar University, Midnapore, India
Antioxidants play a crucial role in maintaining health by scavenging free radicals

that causes cellular damage and accelerates aging and disease. The present study

focuses on the antioxidant levels in various organs of Hilsa fish, both male and

female, with a weight range of 50 g to 780 g collected from the Hooghly River in

the lower Gangetic plain. The study utilized commercially available free radicals

such as, viz., 2,2′-azinobis-[3-ethyl-benzothiazoline-6-sulfonic acid] and ferric

reducing antioxidant potential to measure the scavenging activity. The results

indicated that female Hilsa fish possess higher levels of antioxidants (93.79 ±

0.26) compared to male counterparts (84.50 ± 0.65) in all organs, with levels

increasing proportionally with weight. Interestingly, in males, the serum

antioxidant profile was higher in the lower weight group (50–100 g), whereas,

in females, the highest antioxidant activity was observed in the weight range of

300 g to 400 g. The present study was attempted for the first time to characterize

the antioxidant distribution pattern in the different organs of Hilsa. These findings

suggest that Hilsa fish organs, including serum, contain high levels of antioxidants

that could significantly benefit human nutrition and potentially will contribute to

anti-aging effects by incorporating Hilsa to their diet, which needs further

clinical study.
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1 Introduction

Hilsa (Tenualosa ilisha) is not just a delicacy but a vital part of

the ecosystem and the livelihoods of millions. Recent studies have

indicated a trend in the declining population of the prized Hilsa

shad from the waters of India and other Southeast Asian countries.

Antioxidants are compounds capable of disrupting radical

chain reactions and preventing the formation of reactive oxidants

(Huang et al., 2005), which alleviate oxidative stress, help avoid

disease, and improve eye and brain health. They can support

healthy aging processes, boost mental wellness, and reduce

inflammation. All fish species include a variety of antioxidative

chemicals designed to protect their lipids against damage from

reactive oxygen species (ROS). ROS are typically reactive molecules

containing free radicals generated from molecular oxygen. They are

extremely reactive and may damage lipids, proteins, nucleic acids,

and other components of cells (Zhang et al., 2016). The complex

interaction between ROS is one biomarker for determining the

stress in antioxidant enzyme activity (Vranković et al., 2021). These

substances come from different chemical categories and employ

unique mechanisms to exploit their antioxidative properties. The

two most comprehensive methods for assessing the antioxidant

activity of fish samples and serum involve reactions with a colored

solution of a free radical, namely, 2,2′-azinobis-[3-ethyl-
benzothiazoline-6-sulfonic acid] (ABTS) and ferric reducing

antioxidant potential (FRAP). FRAP is simple and rapid enough

to be performed on freshly collected specimens (Benzie et al., 1999).

The objectives of this study were to compare the antioxidant activity

of the serum and organs of the Hilsa fish between males and females

and weight variation. A crucial component of this study was to

survey the consumption pattern of Hilsa, in addition to the

numerous health benefits. Further, it also dealt with the role of

antioxidants in the anti-aging process. For that, a survey was

conducted randomly close to significant landing sites among

Hilsa eating fishers including consumption patterns in four

districts of West Bengal.

The consumption pattern includes whether they like the whole

portion or discard the viscera during dressing. Based on their

reponses a hypothesis was formulated to find out the derived

antioxidants from Hilsa consumption by the Hilsa fishers of the

River Hooghly (4 months available) and the potential health

benefits by the fishers. In addition to the consumptive pattern of

antioxidants among fishermen, many Hilsa lovers also have their

health benefits. Therefore, antioxidant research is crucial as a part of

waste to wealth from this anadromous fish as it is a nutri-smart fish

containing essential micronutrients along with vitamins, etc.
2 Materials and methods

2.1 Study area

River Ganga (2,525 km) in India splits into two sections in West

Bengal: the Hooghly portion, which flows from Farakka to West
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Bengal, and the Ganga portion, which flows from Farakka to

Bangladesh as river Padma. Hilsa migrates in the Ganga river,

from the lower stretch to the upper stretch (up to Farakka,

Murshidabad, West Bengal) for breeding purposes. Two types of

sampling were done here, like fish sampling, which was done at

Farakka, Murshidabad, West Bengal, from River Ganga. Another

data collection of Hilsa consumption was surveyed from Hilsa

fishers in four primary sampling sites in four districts: North 24

Parganas (22°47′21.85″N; 88°20′8.99″E), South 24 Parganas (22°23′
44.39″N; 88°8′14.57″E), Hooghly (22°36’17.97″N; 88°21′53.13″E),
and Farakka (24°48′1.34″N; 87°55′21.53″E), respectively (Figure 1).
2.2 Fish

The fish sample, T. ilisha, the wild stock, was procured from the

river Ganga at Farakka, Murshidabad, West Bengal. A total of 72

(n = 6; male and female each group) wild stocks were collected

during August to November 2021. The total length and body weight

were analyzed using an electric digital balance for each fish. Fish

were anesthetized by MS-222 (120 mg/L) following Neiffer and

Stamper (2009) and dissected, and different organs were collected

for antioxidant analysis. The collected tissues like the serum, brain,

kidney, liver, muscle, and gut were stored at 4°C. For sex

determination, morphometric characteristics like the size of the

fish and abdomen were examined. Matured males were separated

on site by the presence of milt by application of pressure on the

abdomen and females by oozing out eggs.
2.3 Serum collection and preparation

Blood was collected by puncturing the caudal vasculature with a

2-mL sterile syringe from a live fish in the field, and collected blood

was transferred to a 1.5-mL Eppendorf tube and left for 2–3 h at

room temperature for clotting, and the supernatant was collected

for analysis. The blood sample, after being brought to the laboratory

in an ice bucket for an additional quantity of serum, was centrifuged

to 8,000 rpm for 5–8 min, collected from the supernatant, and

immediately stored the serum in refrigerator at −40°C. Acetonitrile

and sample were taken into a 1:1 ratio for deproteinization before

analyzing the antioxidant activities. Therefore, serum

deproteinization with acetonitrile during free radicals assay as the

protein in the sample made no clash with free radicals

(Chrzczanowicz et al., 2008).
2.4 Organ sample preparation

The kidney, brain, gut, liver, gill, and muscle samples were

homogenized using QIAGEN tissue lyzer II (QIAGEN, Hilden,

Germany) and centrifuged at 10,000 rpm for 10 min. Afterward, the

supernatant was collected in sterile 2-mL eppendorf tubes and

deproteinization with acetonitrile.
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2.5 Chemicals and reagents

Acetonitrile, ascorbic acid, butylated hydroxytoluene (BHT),

ferrous sulfate (FeSO4), methanol, 2,4,6-tris(2-pyridyl)-s-triazine

(TPTZ), sodium acetate, and uric acid were purchased from

Sigma-Aldrich chemical Pvt Limited (St. Louis, MO, USA).

Ethanol was obtained from Merck, Germany.
2.6 Determination of Hilsa serum and
organ antioxidants

The antioxidant potential of Hilsa samples (different organs and

serum) was evaluated by assessing their ability to scavenge free

radicals using the commercial free radicals ABTS and FRAP. The

results were compared with commercial antioxidants and presented

as mean ± SE. The percentage of free radical scavenging activity was

determined using the following method:

Scavenging  activity% = 1 −
A517nm of sample
A517nm of blank

� 100
2.6.1 2,2′-Azinobis-[3-ethyl-benzothiazoline-6-
sulfonic acid] antioxidant assay

The ABTS antioxidant test was conducted following the

methodology of Arnao et al. (2001). Briefly, the reaction mixture

contained an equal amount of 2.4 mM potassium per sulfate
Frontiers in Marine Science 03
(Sigma-Aldrich) and 7 mM ABTS solution (Sigma-Aldrich). Both

the sample and control vials received the diluted solution, i.e., 10 μL

of methanol, 280 μL of ABTS solution and 10 μL of each sample.

The control was prepared by mixing 280 μL of ABTS solution with

20 μL of methanol. The generation of ABTS•+ from ABTS in the

presence of antioxidants was measured at an absorbance of 734 nm.

The results were compared to the standards of ascorbic acid used

during the assay and expressed as ABTS inhibition (%).
2.6.2 Ferric reducing antioxidant potential
antioxidant assay

The Fe3+ (ferric) to Fe2+ (ferrous) reduction by antioxidants

in each sample is the basis of the FRAP (Sigma-Aldrich)

technique. The test was carried out following the steps outlined

by Risso et al. (2021). TPTZ (10mM) and the sodium acetate

buffer (300 mmol/L) were dissolved in 37% HCl. In 10 mL of

millipore water, 20 mM iron(III) chloride hexahydrate

(FeCl3·6H2O) was disbanded. The working solution was made

both with and without TPTZ solution because the sperm sample

had a turbid color. The standard curve produces 2,000 μM of iron

(II) sulfate heptahydrate (FeSO4·7H2O), ranging from 0 Parts Per

Million (ppm) to 2,000 ppm. The sample blank was made with 10

μL of millipore water and 290 μL of working solution with TPTZ;

the sample solution made followed the same method. The

absorbance was measured for 15 min at 37°C and again for 5

min at room temperature. The Fe2++ TPTZ complex absorbance

was read at 593 nm.
FIGURE 1

Study area of Hilsa sampling and fishermen survey.
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The absorbance of  FeSO4:7H2O

= Absorbance of  FeSO4:7H2O recorded − Blank absorbance

Sample absorbance

= Sample absorbance recorded − Sample blank absorbance

The standard curve, which plots sample absorbance as a function

of their final concentration, results in a linear regression equation. By

substituting the sample absorbance into this equation (Y-axis), the

corresponding X-axis value represents the concentration of Fe2+ in the

analyzed sample, measured in μM/L. Finally, the Fe2+/mL of the sample

was calculated, and the results are expressed as equivalent μmoles of Fe2

+/mL of the sample.
2.7 Hilsa consumption survey from Hilsa
fishers in four districts

During December 2021 and November 2022, a total of 746 Hilsa

fishermen were interviewed (Table 1). The research used stratified

random sampling. In accordance with the specified study sites of the

National Mission for Clean Ganga Project of Indian Council of

Agricultural Research-Central Inland Fisheries Research Institute

(ICAR-CIFRI), sampling was conducted in four districts

longitudinally from the middle stretch to the lower stretch of the

river Hooghly. These areas were include Murshidabad, North 24

Parganas, South 24 Parganas, and Hooghly.
2.8 Statistical analysis

To simplify, the weight ranges were divided into six groups. We

conducted experiments using triplicate samples from both males and

females. Group A includes weights ranging from 50 g to 100 g, Group

B contains weights ranging from 101 g to 200 g, Group C includes

weights ranging from 201 g to 300 g, Group D includes weights
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ranging from 301 g to 400 g, Group E includes weights ranging from

401 g to 500 g, and Group F includes weights above 500 g.

The data on the antioxidant levels in seven organs of Hilsa fish

were subjected to statistical analysis using the R software version

4.0.4. The analysis was carried out through a box plot based on

one-way ANOVA (Duncan test) to evaluate the variations and

significance in antioxidant levels based on two variables: gender

and weight. The analysis graph depicts bars representing the mean

values and confidence intervals of ±95% for each provenance,

which are identified by different colors. Notably, additional

variables were employed in the analysis, and differentiation was

made based on the gender and weight of the fish. Overall, the

analysis was quite comprehensive, providing valuable insights into

the antioxidant levels of Hilsa fish organs based on gender and

weight. The detailed analysis reveals exciting insights into the

distribution of antioxidants in male and female Hilsa fish and how

the distribution varies with size. These findings have important

implications for the study of fish nutrition and as well as

human health.
3 Results

3.1 Antioxidant assay of Hilsa

Antioxidant activity changes in several organs of Hilsa as serum,

muscle, gut, liver, kidney brain, and gill with weight variations using

FRAP and ABTS method; details of the result of each organ are

described below.
3.2 Antioxidant assay of serum

In the analysis of the six weight groups of both the sex

experiments, the result showed (Figures 2A, B) an almost

similar pattern in both assays. The males in lower (below 100 g)

and higher weight groups (500 g and above) carry more

antioxidants: 68.18% ± 0.03% in ABTS, 54.16% ± 0.04% in

FRAP, and 65.62% ± 0.17% in ABTS, 51.63% ± 0.17% in FRAP.

Weight groups B and D were significantly different from each

other and with groups A, C, E, and F with p ≤ 0.005 (0), whereas

the later groups did not show any significant differences within

them. In the females, the antioxidant level was higher in group D:

66.93% ± 0.36% (ABTS) and 64.31% ± 0.07% (FRAP). The results

of FRAP radical scavenging activity in various weight groups of

male and female Hilsa were displayed in Figure 2A. It was

observed that females in weight group B (101 g to 200 g) had

fewer antioxidants, with a value of 27.79% ± 0.08%.
3.3 Antioxidant assay of the muscle

The Hilsa muscle antioxidant activity was higher in the

females when done by ABTS free radical assay. However, the

results were different from that of the FRAP protocol. The muscle

of male fish had a higher value (Figure 3) corresponding to the
TABLE 1 Sample size of Hilsa consumption in different
sampling stations.

Landing
center

No. of
Hilsa
fishers

Whole fish
consumption
(less than
1 kg)

Partial fish
consumption
(only muscle
above 1 kg)

Farakka
(Murshidabad)

331 173 158

North
24 Parganas

80 29 51

South 24
Parganas
(Godakhali)

276 83 193

Hooghly 59 35 24

Total
four districts

746 320 426
Bold digits represent the sum total of the columns.
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increasing body weight. Weight groups A, B, and D significantly

differed with p ≤ 0.05 (0.028). However, there were no significant

differences between groups A, C, E, and F. The antioxidant activity

was the highest, corresponding to the highest weight group F

(ABTS: 88.14 ± 1.15 and FRAP: 61.65 ± 0.14) in both the assays, as

shown in Figures 4A, B.
3.4 Antioxidant assay of the gut

The antioxidant assay of the Hilsa gut by ABTS assay followed a

dissimilar pattern in Figures 3A, B compared to that of other

organs. The gut antioxidant value of the male fishes followed a

decreasing trend with an increasing weight group. Weight groups A,

B, E, and F were significantly different from each other and with

groups C and D with p ≤ 0.5 (0.057), whereas groups C and D did

not show any significant differences within them. However, the

values corresponding to the female fish were consistent over all six

weight groups. The importance of the antioxidant assay by FRAP

method is shown in Figure 3 that both males and females followed a

synchronized trend, i.e., increasing antioxidant value following a

higher body weight gradient.
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3.5 Antioxidant assay of the liver

In the Hilsa liver, the antioxidant follows a similar trend to the

other organs, like antioxidant activity that was increasing

proportionately to the weight. Females also contain more

antioxidants than males in both methods. In the ABTS method

(Figure 5A), female and male antioxidants were 96.55% ± 0.57%

and 93.70% ± 0.07%, but, in the case of the FRAP method

(Figure 5B), it was 64.24% ± 0.1.20% and 62.42% ± 0.1.5%.

Weight groups A and E were significantly different from each

other and with groups B, C, D, and F with p ≤ 0.5 (0.257),

whereas these weight groups did not show any significant

differences within them. The ABTS results were closer to the

synthetic antioxidant standard BHT.
3.6 Antioxidant assay of the kidney

The kidney of female Hilsa contains more antioxidants than

that of males, similar to the other organs. In the ABTS assay, a

dissimilar pattern was observed (Figure 6A) between weight group

and sex, but, in FRAP, the pattern is uniform Figure 6B. Weight
FIGURE 3

Gut antioxidants of male and female Hilsa, by the (A) ABTS and (B) FRAP methods (Group A includes weights ranging from 50 g to 100g, Group B
includes weights ranging from 101 g to 200 g, Group C includes weights ranging from 201 g to 300 g, Group D includes weights ranging from 301 g
to 400 g, Group E includes weights ranging from 401 g to 500 g, and Group F includes weights above 500 g).
FIGURE 2

Serum antioxidants of male and female Hilsa, by the (A) ABTS and (B) FRAP methods (Group A includes weights ranging from 50 g to 100g, Group B
includes weights ranging from 101 g to 200 g, Group C includes weights ranging from 201 g to 300 g, Group D includes weights ranging from 301 g
to 400 g, Group E includes weights ranging from 401 g to 500 g, and Group F includes weights above 500 g).
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group F was significantly different from all other weight groups with

p ≤ 0.05 (0.02), whereas these weight groups did not show any

significant differences within them. The highest antioxidant value

observed in the kidney was 94.66% ± 0.61% by the ABTS assay and

61.28% ± 0.7% by the FRAP assay.
3.7 Antioxidant assay of the brain

In the brain of Hilsa, the antioxidant values exhibited a notable

pattern by FRAP assay, corresponding to sex and weight groups.

For males, there was a decreasing trend in antioxidant values with

increasing weight groups, whereas females showed an increasing

trend as weight increased (Figure 7B), and almost remained the

same (52%–57%) in all weight groups. Weight groups A, C, and F

were significantly different from each other (p ≤ 0.005) (0.005),

whereas weight groups B, D, and E did not show any significant

differences among them. In the case of ABTS assay, the highest

antioxidant value for males (92.15% ± 0.5%) was observed in weight

groups D and E; in females, the highest value (92.14% ± 0.19%) was

found in weight group C, as shown in Figure 7A.
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3.8 Antioxidant assay of gill

In the ABTS assay, an upward trend in antioxidant values were

observed (Figure 8A) with increasing weight of the Hilsa in both

sexes. In FRAP assay, both sexes contained an average of 55%–59%

antioxidants, as shown in Figure 8B. All six weight groups, A to F,

significantly differed, with p ≤ 0.005 (0). It is noteworthy that the

male Hilsa fish exhibits a higher percentage of antioxidants (93.15%

± 0.6%) in its gills compared to the female fish (90.43% ± 0.13%) in

the ABTS antioxidant assay, which is similar to the commercial

standard BHT.
3.9 Hilsa consumption survey

Public access to Hilsa fisheries is typically available. Fish holds

tremendous value in fishing communities due to its delicious

flavor and high nutritious content. Whereas inland waters have

produced a steady amount of Hilsa over the past 20 years, the Bay

of Bengal regions have shown a rise in marine yields (Hossain

et al., 2019). During the previous study on the socio-economic
FIGURE 5

Liver antioxidants of male and female Hilsa, by the (A) ABTS and (B) FRAP methods (Group A includes weights ranging from 5 g to 100 g, Group B
includes weights ranging from 101 g to 200 g, Group C includes weights ranging from 201 g to 300 g, Group D includes weights ranging from 301 g
to 400 g, Group E includes weights ranging from 401 g to 500 g, and Group F includes weights above 500 g).
FIGURE 4

Muscle antioxidants of male and female Hilsa, by the (A) ABTS and (B) FRAP methods (Group A includes weights ranging from 50 g to 100 g, Group
B includes weights ranging from 101 g to 200 g, Group C includes weights ranging from 201 g to300 g, Group D includes weights ranging from 301
g to 400 g, Group E includes weights ranging from 401 g to 500 g, and Group F includes weights above 500 g).
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analysis of fishers in the deltaic Ganga region of river Hooghly

(Chakraborty et al., 2024). The present study found that, in the

season (as Hilsa is available in two seasons—June to September

and January to April), Hilsa fishers also consume small-sized Hilsa

as a whole and more than 1 kg of Hilsa with dressing and remove

the intestine only. As a result, their nutrition requirement must be

fulfilled from here, and they are feeding their child during this

nutrient-rich fish season. The Hilsa production in India is directly

counted as a consumption basis, and, additionally, Hilsa is a nutri-

smart fish, one of the reasons behind the Hilsa decline in

consumption compared to that in Sahoo et al. (2018); Hilsa

production in West Bengal declined from 80,000 t to 20,000 t

over 10 years since 2001. Fisheries in Hilsa are usually open to the

public for its great taste and high nutritional value (Mukherjee

et al., 2019); fish is highly valued in the fishing communities.

Whereas inland waters have produced a steady amount of Hilsa

over the past 20 years, the Bay of Bengal regions have shown a rise

in marine yields (Hossain et al., 2019; Hossain et al., 2020).

However, adult men are predicted to require at least 11,000 The

Oxygen Radical Absorbance Capacity (ORAC) units per day, based

on their daily caloric intake of roughly 2,500. With an average daily

calorie intake of 1,800, women should consume a minimum of

8,000 units. From the Bangladesh Development studies (Toufique,

2015), it was stated that Hilsa was consumed per day at 200 g
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(2010), so, as per our result, Hilsa contain 2,728 ORAC units, which

is highly recommended mainly from fish muscle tissues that must

be examined as high in antioxidant, which is mostly consumed by

human, where the serum kidney and brain were also consumed in

small fish (>500 g). Gill, gut, and liver can be denoted as waste

material for big Hilsa (<1,000), but, in the case of smaller ones, the

whole fish was consumed mostly in fried conditions, as reported by

the survey. The possible benefits of antioxidants from higher weight

groups of Hilsa in daily intake are considered as anti-aging capacity.
4 Discussion

Antioxidative activity has received more attention nowadays

due to the various diseases that a diet high in antioxidants prevents

and its anti-aging effects (Janaszewska and Bartosz, 2002). Although

antioxidant supplements are frequently regarded as good, too many

might cause problems. A balanced diet is a much better way to

ensure that your body gets the antioxidants that it needs. The

antioxidant systems in living organisms may be divided into two

types. One is represented by enzymes, such as superoxide

dismutase, catalase, and peroxidases, which remove ROS. The

other group of antioxidative compounds scavenges free radicals;

they are generally of low molecular weight and may be water or lipid
FIGURE 7

Brain antioxidants of male and female Hilsa, by the (A) ABTS and (B) FRAP methods (Group A includes weights ranging from 50 g to 100 g, Group B
includes weights ranging from 101 g to 200 g, Group C includes weights ranging from 201 g to 300 g, Group D includes weights ranging from 301 g
to 400 g, Group E includes weights ranging from 401 g to 500 g, and Group F includes weights above 500 g).
FIGURE 6

Kidney antioxidants of male and female Hilsa, by the (A) ABTS and (B) FRAP methods (Group A includes weights ranging from 50 g to 100 g, Group B
includes weights ranging from 101 g to 200 g, Group C includes weights ranging from 201 g to 300 g, Group D includes weights ranging from 301 g
to 400 g, Group E includes weights ranging from 401 g to 500 g, and Group F includes weights above 500 g).
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soluble. These antioxidants reduce free radicals and are themselves

oxidized. After that, other reducing systems may reduce them to

their active forms. In biological systems, the initiation of oxidation

is balanced by the presence of natural antioxidants. Lipid-soluble

antioxidants donate a hydrogen atom (H+) to a fatty acid–based free

radical more readily than an unoxidized fatty acid.

Hilsa is particularly vulnerable to lipid oxidation due to its high

amount of unsaturated fatty acids (Ackman and Connell, 1980;

1988; 1989a; 1989b; Morris et al., 1989; Hardy, 1980; Khayat and

Schwall, 1983). It is believed to contain more than 9% of the total

fatty acids found, such as the physiologically significant

polyunsaturated fatty acids eicosapentaenoic (EPA) and

docosahexaenoic acid (DHA) (Mahmud et al., 2004). Inside the

fish body, pro-oxidative and antioxidative factors are in a balanced

condition, which regulates oxidative processes, but, under

physiological circumstances, endogenous antioxidant enzymes

work in the fish body to balance the pro-oxidant effects of ROS

and play a significant role in the redox status of muscle tissue.

Understanding these trends can provide insights into how

antioxidant defenses are regulated in different tissues and how

body weight may impact oxidative stress responses in organisms.

This study provides valuable insights into the antioxidant levels in

various organs of Hilsa fish, focusing on comparing the antioxidant

activity between male and female fish of different weight ranges. In

this study, for most tissues (excluding brain and gill), both male and

female subjects show a synchronized trend where the antioxidant

value increases with higher body weight. This implies that, as the

body weight of the subjects increases, their tissues exhibit higher

antioxidant capacity. Fish protein peptides are a source of bioactive,

having treasures of valuable pharmaceutical potentials (Ren et al.,

2008) and health benefits, as well as exhibiting a wide variety of

antioxidant activities and increasing immunology and regular blood

pressure, calcium binding, anti-diabetic activities, etc (Bougatef

et al., 2010; Harnedy and FitzGerald, 2012). The total antioxidant

activity (TAC), also known as “total antiradical activity,” of

biological material has been measured using a variety of

techniques if the test system’s oxidants were free radicals

(Janaszewska and Bartosz, 2002). Using commercially available

free radicals, ABTS and FRAP, for measuring the scavenging

activity provides a standardized and widely used approach to
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assessing antioxidant capacity. These methods allow for the

quantification of antioxidant levels and comparison with known

antioxidants, such as ascorbic acid and BHT. Generally, fish protein

hydrolysate has been extensively studied for its antioxidant

properties. The antioxidants stop the oxidation process by

dissipating free radicals. As Hilsa is a proven nutri-smart fish and

rich in all essential amino acids, EPA, DHA, and micronutrients

(FAO, 1974), the compelling benefits on health have been studied in

the present study in organs (liver, kidney, brain, gut, gill, and

muscle) and serum to understand its bioavailability and pathway in

distribution and the level of intake in human consumption from

these organs. Although earlier reports are not available on the role

of antioxidant levels in the different organs of this fish and its role in

making the availability of a rich source of all micro- and

macronutrients as well as its biosynthetic pathway, this study was

the first attempt to characterize the antioxidant distribution pattern

in different organs of the fish.

In our study, we found that lower body weight Hilsa sometimes

exhibited a higher antioxidant capacity using the ABTS method,

whereas a different result was noted with the FRAP method, as

shown in the figures. A possible explanation could be the ABTS

method is sensitive to a broader range of antioxidants (hydrophilic

and lipophilic), which may account for the higher antioxidant

values in lower–body weight fish with higher metabolic rates. In

contrast, the FRAP method primarily measures the reducing power

of hydrophilic antioxidants, indicating higher antioxidant values in

heavier fish (Thaipong et al., 2006). The unique antioxidant profiles

in brain and gill tissues showed a different trend in relation to the

methods used, which might be attributed to the types of

antioxidants that are bound to the chemicals in our study and

need further investigation. The author of the present study did not

find any such work, which will substantiate the study. The observed

difference in antioxidant levels between male and female fish brain

and gill tissues could be attributed to several factors. Hormonal

differences in females may enhance their antioxidant defenses.

Additionally, variations in metabolic rates and reproductive

physiology could influence oxidative stress and antioxidant levels.

Environmental factors, genetic differences, and disparities in age

and growth rates might also play roles. Collectively, these factors

could contribute to the lower antioxidant levels observed in male
FIGURE 8

Gill antioxidants of male and female Hilsa, by the (A) ABTS and (B) FRAP methods (Group A includes weights ranging from 50 g to 100g, Group B
includes weights ranging from 101 g to 200 g, Group C includes weights ranging from 201 g to 300 g, Group D includes weights ranging from 301 g
to 400 g, Group E includes weights ranging from 401 g to 500 g, and Group F includes weights above 500 g).
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fish compared to that in females. Additionally, the interaction of

brain and gill tissue components with the reagents used in these

assays may vary, with FRAP potentially being more reflective of sex-

specific oxidative stress markers in humans as well as in animals

(Munteanu and Apetrei, 2021). It has been noticed that all the

organs of fish exhibited antioxidant levels, the highest being

detected in the kidney of males, followed by the gill. The

antioxidant capacity of biological fluids has been estimated using

a variety of techniques; however, comparing the outcomes of

different techniques is not always easy (Rice-Evans et al., 1993;

2000; 2001; Prior and Cao, 1999); the four methods (2,2-diphenyl-

1-picrylhydrazyl (DPPH), ABTS, FRAP, and kinetic method) are

used to determine and compare the human blood plasma

antioxidants, and they showed that the result varied and the main

reason was the TAC of blood plasma with respectable signs due to

the variations in antioxidant reactivities (Janaszewska and Bartosz,

2002). In this study, the result indicates the variability in the

expression pattern from all tissues and serum in both methods

using the standards of ascorbic acids and BHT. ABTS assay is an

effective method for assessing the antioxidant activity of chain-

breaking antioxidants (scavengers of lipid peroxyl radicals) and

hydrogen-donating antioxidants (scavengers of aqueous has

radicals) (Leong and Shui, 2002). Previous research showed (Das

et al., 2023) that the TAC followed the fish weight-dependent

gradient. The fish with the greatest TAC, weighing 357.8 g, had a

TAC of milt (65%–84%), followed by fish with a TAC of milt

(272.61 g). In this study, male Hilsa showed higher trends of

antioxidants in the lower-age group, and females showed

increasing trends from the lower age group to higher-age group.

Except for serum antioxidant profiles, most of the organs showed

antioxidant levels of >50% as compared to the standard one. The

study showed that migratory nutri-smart fatty Hilsa fish is rich in

antioxidants in all the organs and serum, which could be beneficial

for human consumption and health.

ABTS free radical scavenging is a standard universal method used

commonly to measure antioxidant activities (Binsan et al., 2008) in

Litopenaeus vannamei, which is reduced by an antioxidant (Miller

et al., 1993); its an antioxidant that can lower the relatively stable

radical known as ABTS+ (Miller et al., 1993). In the present study, in

the ABTS method, gut activity levels at all the time remained at more

than 84% in all male and female age groups. Here, females in the gut

showed more than 92% activity. A similar pattern was found in the

kidney, liver, muscles, brain, gut, and gills, except for a few samples

with more than 500 g of weight. This is consistent with other research

papers that have reported higher antioxidant activity in females

across various fish species. For instance, a study by Huang et al.

(2005) discussed the presence of antioxidants in fish and their role in

disrupting radical chain reactions and preventing the formation of

reactive oxidants. Another study by Pramanik and Mohanty (2016)

on antioxidant enzymes in different tissues of Indian Major Carp

reported high in female fish. This might be because very few fish were

available to test in this group.

Interestingly, the serum also showed antioxidant ability, and the

expression level was above 33% and below 68% in all tested groups

in the ascorbic acid standard. Our findings align with previous

studies investigating the antioxidant activity of fish species. For
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instance, a survey by Hossain et al. (2019) and Das et al. (2023)

explored the nutritional value of Hilsa fish, and they highlighted its

omega-3 fatty acid content, protein content, and presence of

vitamins, calcium, and trace minerals (Mukherjee et al., 2019).

The reducing power of any tissues or serum is an indicator of

antioxidant activities used to evaluate its ability to donate an

electron or hydrogen, as reported by Yıldırım et al. (2001). The

reduction of ferric 3+/ferric cyanide complex to ferrous ion and its

color changes from yellow to green or blue shades depend on the

reducing potential, representing the presence of antioxidants. There

is a direct relationship between antioxidant activity and the

reducing power of the bioactive peptides (Ali et al., 2009).

The level of expression found in the present study measured in

the FRAP method was less than that in the ABTS method. However,

we noticed an average of 50% and above expression of the

antioxidant property in all the organs tested except in a few cases

in the serum of female Hilsa up to the weight group of 200 g. The

lower expression level of the FRAP method compared to that of the

ABTS might be attributed to the low level of antioxidants

responsible for the deduction of the ferric ion compared to that

of the ferrous ion. In the present study, the nature of antioxidants

was not evaluated, so we could not conclude the differential

expression between these two methods.

In the case of ABTS compared to FRAP, the reduction was more

than 70% higher in most cases. This might be due to the binding

capacity of the free radicals available in the tissue samples, including

serum. The findings of this study have important implications for

human nutrition and potential anti-aging effects. High levels of

antioxidants in various organs, including the serum, suggest that

consuming Hilsa fish can provide substantial health benefits. It is

well recognized that amino acids, peptides, and amines have

powerful antioxidant capabilities. In previous studies by Ganguly

et al. (2018) and De et al. (2019), the amino acid content of Hilsa

from two rivers was compared. The Hooghly stock had essential

amino acids in higher amounts, and, in the case of Padma, the total

non-essential amino acids were found to have higher cencentration

and played a role as principal antioxidants or synergists (Ganguly

et al., 2018). This study further showed that the antioxidant

represents free radicals capable of donating hydrogen ions that

can bind more in ABTS rather than that in FRAP and gives more

activity using the standard of BHT and ascorbic acid.

Furthermore, our study revealed a positive correlation between

antioxidant levels and weight in both males and females. As weight

increased, the antioxidant levels also increased proportionally. This

correlation suggests that larger Hilsa fish may have a higher

antioxidant capacity. These findings are consistent with studies

on other fish species that have observed a positive relationship

between body size and antioxidant activity. For example, a study by

Chen et al. (2019) on Nile tilapia found that larger fish exhibited

higher antioxidant enzyme activities. However, this is an important

finding that might be further studied with the differential expression

acceptable tuning method and comparing the peptides responsible

for bioactive properties and validity in vivo for its health benefits.

The majority of surveyed Hilsa fishers had Hilsa almost

alternative days in their diet in Hilsa season. From the Bangladesh

Development studies, it was stated that Hilsa was consumed by
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extremely poor households in Bangladesh from 0.56 kg/person/year

in 2000 to 0.2 kg/person/year in 2010 (Toufique, 2015). In another

survey of 150 consumers from the World Fish Centre in Dhaka in

November 2010, the main and second most significant fish types are

medium-sized freshwater capture species and Hilsa (which includes

jatka), which are consumed in huge quantities by people across the

society. Being the high-value species still, Hilsa is popular in the fish

market, and, day by day, its demand is increasing. People are

purchasing Hilsa at high prices for its taste and nutritional point of

view, and Hilsa indeed contributes to anti-aging factor, as, already

stated (DiNicolantonio and O’Keefe, 2019), omega-3 fatty acids are

highly available in Hilsa and also Hilsa has more than 60%

antioxidants present in all the organs that reflect the anti-aging

property by neutralize free radicals and protect the skin from

oxidative damages. Like other marine fish and identical fish like

salmon, other marine fish trout also contain a high antioxidant

named astaxanthin. In order to get 3.6 mg of astaxanthin, one can

eat 165 g of salmon per day (Ambati et al., 2014), which is important

for skin health. This plays a key role in collagen production, repair of

skin, and protection against environmental pollutant damage. On the

other hand, the antioxidant properties of Hilsa may have been

utilized to prevent oxidative damage in diseased cells. Additional

investigation is necessary to fully understand the antioxidants present

in Hilsa cells, including which kinds of antioxidants are present and

how their levels change throughout migration.
5 Conclusion

All the organs found rich in antioxidants, which could be

beneficial to human health point of view. However, the values of

antioxidants corresponding to the female Hilsa were consistent in the

whole study in all six weight groups. The antioxidant defenses in

various tissues are influenced by body weight, but the influence varies

between tissues. Most tissues follow a positive trend where higher

body weight is associated with increased antioxidant capacity.

However, brain and gill tissues exhibit a unique response, possibly

due to differing metabolic demands, exposure to oxidative stress, or

other tissue-specific factors. The practice of consuming these organs

traditionally by people in eastern India and Bangladesh indicated

that, in addition to omega-3 fatty acids, it is contributing antioxidant

levels. Further, either whole fish or partial dressed fish contribute to

the antioxidants levels, which are to be promoted among the fishers,

and organs need to be used for consumptions as study suggested.

Recent evidence of the role of antioxidants in maintaining human

health has sparked interest in research on antioxidants. In light of this

interest, extensive study has been done on defining and identifying

the components that have antioxidative action in both biological

systems and people. Further research could focus on elucidating the

specific antioxidant compounds in Hilsa fish and exploring their

potential health benefits in more detail. Additionally, investigating

the underlying mechanisms responsible for the observed differences

in antioxidant levels between sexes and weight ranges would provide

a deeper understanding of the factors influencing antioxidant activity

in Hilsa fish. Although Hilsa is an essential high-value, nutritionally

dense food fish, its health benefits are from fatty acids and antioxidant
Frontiers in Marine Science 10
properties. More research studies are needed to characterize the

nature of the antioxidant and its role in different health benefits,

including anti-aging in humans.
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