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ABSTRACT  

Omega-3 fatty acids, especially docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), are critical for important 

physiological activities including foetal brain and infant eye development, lipid metabolism, and cognitive health. They 

also help guard against chronic diseases such as atherosclerosis, dementia, rheumatoid arthritis, and Alzheimer’s. Since 

these fatty acids cannot be synthesized predominantly in the body, their dietary supplementation is necessary, and the quest 

for affordable sources is a key focus of public health. Fish is a significant source of omega-3 polyunsaturated fatty acids 

(PUFAs) and offers a diverse range of options based on cost and availability. India, with its rich biodiversity, offers a 

diverse range of freshwater fish species with varying nutrient profiles. This review compiles recent data on omega-3 fatty 

acid content in Indian freshwater fish, highlighting species-specific variations, geographical differences, and environmental 

influences on fatty acid levels. It also focuses on the nutritional value of omega-3 fatty acids in Indian diets and public 

health. The overall objective of this review was to encourage further research and to advocate for the inclusion of high 

omega-3 fish in dietary guidelines. 
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INTRODUCTION 

Fish are highly nutritious and easily digestible. Due to their 

low energy content and favourable amino acid composition, 

fish offer significant nutritional benefits. Globally, Asia 

accounted for 70% of the world's production of aquatic 

animals, followed by America (13%), Europe (9 %), Africa 

(7 %), and Oceania (1%) (FAO, 2024). Out of 70%, India 

contributes 10.3% share in the worldwide aquaculture 

production of aquatic animals. In India, 13,254 thousand 

tonnes of aquatic foods and fish have been produced, where 

fish proteins share 2.5 grams/ person/ day out of 67.8 total 

proteins (share of fish proteins over total protein 3.6%) 

(FAO, 2024). In this world of a predominantly processed 

food diet, the levels of omega-3 FAs have dropped in many 

diets along with source ALA (18:3n-3), which is mostly 

found in vegetable oils but lacks EPA (C20:5n-3) and DHA 

(22:6n-3) (Olgunoglu, 2017). It has been reported that both 

EPA & DHA are essential for child brain development by 

generating  neuroprotective  metabolites  and also  lowering 

the risk of premature deaths (Kidd, 2007). Apart from their 

neuroprotective effect, EPA reduces the risk of ischemic 

heart disease (IHD) while DPA lowers the likelihood of 

developing congestive heart failure (Bhatt et al., 2019; 

Singh et al., 2016; Sun et al., 2008; Mozaffarian et al., 

2011) and DHA decreases triglycerides, inflammation 

markers, and reduces the risk of endothelial dysfunction 

(Fahs et al., 2010; Honda et al., 2015; Qi et al., 2008; 

Wang et al., 2017; Yang et al., 2013). In animals, omega-3 

FAs are metabolized from their precursors EFAs, obtained 

from dietary sources, as they cannot be synthesized de novo 

inside the human body. The primary EFAs include LA and 

ALA, which serve as precursors of omega-3 and omega-6 

FA families (Figure 1). 

Importance of n-3 fatty acids in diet 

The significance of PUFAs was first recognized in studies 

of rats, in which their deficiency produced several 
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physiological problems (Spector & Kim, 2015). The 

benefits of DHA and EPA for health were first discovered 

in Greenland, and the continued abundance of marine fish 

stocks and their long-standing availability to fish oils have 

helped their highly developed and prosperous cultures 

(Ackman et al., 2002). Freshwater fish are an important 

dietary source of the fatty acids EPA and DHA, especially 

in countries like India, where fish-based diets are popular. 

EPA and DHA are fascinated by cognitive functions, visual 

acuity and skeletal or muscle mass/function of skeletal to 

muscle mass. They may also prevent sarcopenia and cancer 

cachexia (Troesch et al., 2020). Additionally, it was 

mentioned previously that omega-3 fatty acids may impede 

muscle loss during stress states. EPA and DHA have within 

them anti-inflammatory properties and "may" stimulate 

muscle protein synthesis, which has great effects on one's 

physical performance and quality of life as they age 

(Troesch et al., 2020). Both EPA and DHA have been 

found to possess therapeutic potential within clinical 

scenarios for inflammatory disorders (e.g., arthritis), mental 

health disorders (i.e., depression, schizophrenia), which is 

important considering the potential benefit for COVID-19 

symptoms due to the immune-modulating implications of 

EPA and DHA (Djuricic & Calder, 2021). 

Biophysical and antioxidant properties of PUFAs 

PUFAs are essential in membrane biophysics because of 

their structural diversity and their impact on membrane 

shape and dynamics. The PUFAs of greatest interest are 

omega-3 fatty acids: EPA, DHA and omega-6 fatty acids: 

AA. In general, different fatty acids vary in fatty acid 

length, hydrocarbon chain length, and the number and 

position of double bonds within the hydrocarbon chain. The 

cardiorespiratory biophysical behavior and function of fatty 

acids within membranes is very different because of these 

factors. As an example, saturated fatty acids = 18:0, n3-FA 

DHA = 22:6, and EPA = 20:5; the latter has an additional 2 

carbons and 1 more double bond than EPA. The degree of 

unsaturation in PUFAs influences membrane fluidity. 

Highly unsaturated PUFAs, such as DHA, with six double 

bonds, increase membrane fluidity more than less 

unsaturated ones like EPA (five double bonds) and AA 

(four double bonds). DHA has been shown to significantly 

decrease membrane order and increase lipid bilayer 

disorder, which impacts processes like membrane protein 

function and cell signaling. 

EPA has many unsaturations, but it seems to have an even 

lesser effect on membrane fluidity than DHA, yet it has 

more stability than AA and is perhaps beneficial to 

cardiovascular health. Sherratt et al. (2016) observed that 

DHA increased the fluidity of membranes and cholesterol 

domain formation much greater than EPA and their use of 

fluorescence anisotropy and examination of rotational 

correlation indicated that the steepest decline in rotational 

correlation was with DHA rather than EPA. The 

antioxidant potential of PUFAs is dependent on their 

structure. Generally, EPA shows a stronger antioxidant 

effect than DHA and the other PUFAs. Both can reduce 

lipid oxidation; however, DHA has a greater effect on 

bilayer width and reducing rotational correlation (Sherratt 

et al., 2016). Omega-3 supplementation also causes 

antioxidant enzymes (such as, SOD2) in the liver and 

uterus to increase, improving resistance to oxidative stress 

through dietary means (Garrel et al., 2012). Because EPA 

has a longer half-life of antioxidant protection than DHA, it 

showed a greater efficacy in protecting LDL oxidation than 

DHA (Sherratt et al., 2022). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Polyunsaturated fatty acids (PUFAs) categories: omega-3 and omega-6 families. 
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Omega-3 PUFA and Human Health 

Anti-inflammation properties of PUFAs 

The active omega-3 fatty acids EPA and DHA have been 

extensively studied, and their very strong anti-

inflammatory capability is well established. They have 

several anti-inflammatory mechanisms, beginning when 

EPA and DHA are incorporated into cell membranes. They 

disrupt membrane fluidity, impacting the signaling 

processes leading to inflammation. For example, DHA can 

reduce lipid raft formation by 30%, resulting in 

dramatically decreased signaling processes that lead to pro-

inflammatory pathways (Shaikh et al., 2009). Omega-3 

specific fatty acids also have action on the pro-

inflammatory pathway NF-κB, which controls genes that 

produce inflammatory cytokines such as TNF-α, IL-1β and 

IL-6 (Inoue et al., 2017) and by activating nuclear receptors 

(PPARs) that suppress inflammatory cytokines (Coniglio & 

Shumskaya, 2023). EPA and DHA have the capacity to 

generate specialized molecules such as resolvins, 

protectins, and maresins that help return tissue to 

homeostasis by helping clear inflammatory cells (Dalli et 

al., 2013; Y. Wang et al., 2021). For example, resolvins 

can halt neutrophil migration and inhibit pro-inflammatory 

cytokines (Sansbury & Spite, 2016). Omega-3s also 

repurpose immune cells, for example, by switching 

polarized macrophages from an M1 pro-inflammatory state 

to the M2 anti-inflammatory state to promote healing and 

suppress chronic inflammation (Xu et al., 2021).  

DHA, EPA, and CVDs 

According to the WHO, CVDs accounted for 32% of global 

mortality in 2019, which is nearly 17.9 million people, over 

75% of which occurred in low- and middle-income 

countries (WHO, 2021). Patients with diabetes or metabolic 

disease have high triglyceride-rich lipoproteins (TGRLs), 

and this class of lipoproteins increases acquired CVD risk 

(Ganda et al., 2018). There is evidence that omega-3 fatty 

acids, mainly EPA, can continue to reduce this risk even 

with controlled LDL-C levels and increased triglycerides 

(Sherratt et al., 2023). Omega-3s can have anti-triglyceride 

actions by promoting fatty acid oxidation, decreasing 

hepatic TG synthesis, and potentially inhibiting 

diacylglycerol acyltransferase enzyme (DGAT). Omega-3s 

can also decrease VLDL, activate GPR120, promoting fat 

metabolism, and act as peroxisome proliferator-activated 

receptor (PPAR) agonists, regulating pathways involved 

with lipid metabolism and inflammation (Oscarsson & 

Hurt-Camejo, 2017; Shearer et al., 2008). The EPA also 

enhances cholesterol efflux via ABCA1, whereas DHA is 

less effective in regulating it (Sherratt et al., 2023). In 

clinical trials, EPA (in the form of icosapent ethyl or IPE) 

reduces atherothrombotic cardiovascular (CV) events and 

events such as atherosclerosis much more effectively than 

DHA, lowers apoC3 and improves endothelial function by 

increasing NO and decreasing stress but DHA does not 

appear to have this same effect (Pisaniello et al., 2020; 

Sherratt et al., 2022). 

DHA, EPA and Brain Development and Cognition 

Omega-3 fatty acids, primarily DHA and EPA are 

necessary for brain development and healthy lifelong 

functioning (Djuricic & Calder, 2021). Omega-3 fatty acids 

maintain cell fluidity, promote neuronal signaling, and 

reduce inflammation (Djuricic and Calder, 2021). DHA is 

one of the most abundant molecules in the brain and retina; 

it is essential for the brain's neuroplasticity, neural 

signaling and vision (Lauritzen et al., 2001; Salem et al., 

2001). DHA and AA are transported to the fetus and 

consumed for brain creation during pregnancy; though 

typically, maternal stores of DHA and AA are depleted in 

the process, which highlights the importance of adequate 

intake (Al et al., 1995; Kuipers et al., 2011). Low omega-3 

levels in mothers increased mothers' risk of perinatal 

depression and lower omega-3 levels increased the risk of 

children having impaired cognition (von Schacky, 2020). 

When mothers took DHA during pregnancy, it led to an 

increase in brain volume and cognitive outcomes in babies 

(Gould et al., 2013; Ogundipe et al., 2018). Low levels of 

DHA, EPA, and AA were associated with autism for those 

already diagnosed with the condition; supplementation with 

omega-3s may be useful for improving social behavior of 

those diagnosed (Mazahery et al., 2017). In older adults, a 

higher intake of omega-3 fatty acids is associated with 

improved memory, decreased risk of dementia and 

Alzheimer’s disease (Schaefer et al., 2006). The early 

initiation of taking omega-3 supplements and consistent 

supplementation in middle age and older life is likely to 

help sustain brain health across life stages (Burckhardt et 

al., 2015; Coley et al., 2018). 

Omega-3 and Neurological Diseases 

Bioactive compounds called polyunsaturated fatty acids 

(PUFAs) lower inflammation and control gene activity to 

help protect the brain. Movement issues and low dopamine 

are caused by the death of nerve cells in the substantia nigra 

in Parkinson's disease (PD) (Kousparou et al., 2023). 

According to research, omega-3 PUFAs, particularly DHA, 

can help maintain the health of neurons and their 

membranes and slow the progression of symptoms 

(Kousparou et al., 2023). According to a study, PD patients 

who took Neuroaspis PLP10®, a supplement high in 

omega-3, omega-6 and gamma-tocopherol, in addition to 

their regular treatment, saw a slower rate of disease 

progression (Pantzaris et al., 2021). 

By lowering oxidative stress and inflammation, two 

major contributors to ALS, omega-3 polyunsaturated fatty 

acids may help reduce the risk of the disease and slow its 

progression (Fitzgerald et al., 2014). Despite the paucity of 

research, some studies indicate that a higher omega-3 

intake may reduce the risk of developing ALS (Torres et 

al., 2020). Autoimmune-driven inflammation leading to 

neuronal demyelination is a key feature of multiple 

sclerosis. TNF-α and interleukins are two inflammatory 

cytokines involved in the pathophysiology of multiple 

sclerosis, and DHA and EPA reduce them. Omega-3 

PUFAs may help MS patients experience fewer and milder 

relapses by supporting neuronal repair and decreasing 
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inflammation (Pantzaris et al., 2013; Weinstock-Guttman et 

al., 2005). 

Omega-3 and Cancer Cachexia 

Omega-3 fatty acids, particularly DHA and EPA, may 

reduce cancer cachexia largely because of their anti-

inflammatory activity. Evidence suggests that 

supplementation stabilizes weight, improves lean body 

mass and improves the quality of life in cancer patients 

(Arends et al., 2017). However, there is still limited 

evidence on survival rates and toxicity during treatment. To 

gain significant muscle mass appears to require higher 

doses, such as 1000 mg/day DHA and 2200 mg/day EPA 

(Van Der Meij et al., 2010). Omega-3 PUFAs may also 

serve as adjuncts to chemotherapy as they enhance tumor 

response and inhibit toxicity (de Aguiar Pastore Silva et al., 

2015). More evidence is required to determine these effects 

and how best to achieve them. Managing cancer cachexia 

looks most promising with early interventions, higher doses 

of omega-3s and a mix of nutrition, exercise and 

medications. 

 

n-3 and n-6 Fatty acids in Freshwater Fish species 

The fat content in fish varies significantly, ranging from as 

little as a few percent to over 20%. As a result, fish can be 

categorized into lean types up to 5% fat and fatty fish can 

have up to 20% fat content (Kępińska-pacelik & Biel, 

2024). For example, rohu and Common carp can be 

categorized as low-fat fishes, while tilapia, mrigal and catla 

as very low-fat fishes (Swapna et al., 2010).  Generally, the 

composition of fatty acids in fish is influenced by various 

factors, including species, diet, captured area, temperature 

and season. In cultured fish, the fat content is strongly 

dependent on the feed it receives. All fish species contain 

EPA and DHA, but the levels of these substances vary 

significantly among and within species. In comparison to 

marine species, freshwater fish contain a lesser amount of 

lipids (Kępińska-pacelik & Biel, 2024). Although they have 

a lower lipid content, making them easy to digest, they are 

still rich in omega-3 fatty acids. These fish meats are also 

high in protein content, with very high digestibility, which 

helps maintain the protein requirements in our bodies. The 

fat content among freshwater fish varies from species to 

species, as depicted in Table 1. The table comprises 28 

freshwater fish species with their protein and lipid content 

(% w/w) from various reports. 

 

 

Table 1. n-3 and n-6 fatty acid profiling in Freshwater fish in India. 

Fish Species 

Protein 

Content 

(%w/w) 

Lipid 

content 

(% w/w) 

EPA 

(% of total 

lipid extract) 

DPA 

(% of total 

lipid extract) 

DHA 

(% of total lipid 

extract) 

References 

Ailia coila 12.9 1.8 2.2 - 3.1 

 

(Mohanty et 

al., 2016) 

Amblypharyngodon mola 16.3 4.3 - - 9.3 

Anabas testudineus 16.9 6.9 0.4 - 2.7 

Catla catla 16.2 2.8 6.8 - 4.7 

Cirrhinus mrigala 15.5 2.8 1.5 - - 

Clarias batrachus 16.4 3.7 - - 0.5 

Gudusia chapra 14.1 5.7 9.8 - 6.0 

Heteropneustes fossilis 16.3 2.7 1.5 - 2.2 

Labeo rohita 15.9 2.7 0.9 - 0.4 

Puntius sophore 16.3 4.9 6.2 - 3.3 

Rita rita 19.5 1.6 3.8 - 5.0 

Sperata seenghala 19.0 0.8 4.4 - 6.2 

Tenualosa ilisha 20.7 10.5 2.9 - 8.9 

Xenentodon cancila 15.7 0.7 0.4 - 0.1 

Pangasianodon 

hypophthalamus 

13.60 4.98 1.93 - 4.48 (Jakhar et al., 

2012) 

Oreochromis 

mossambicus 

- 10.8 9.1 13.1 16.9 

(Swapna et 

al., 2010) Cyprinus 

Carpio 

- 23.6 10.5 6.1 18.6 

Mystus vittatus 14.94 6.91 1.61 - 2.3 
 

(Paul et al., 

2018) 

Ompok bimaculatus 13.93 3.92 0.13 - 4.8 

Channa striata 14.46 2.09 4.81 - 4.78 

Wallago attu 14.13 3.58 2.80 - 0.31 

Johnius gangeticus - 6.71 3.59 - 3.18  

(Nath et al., 

2014) 

 

Clupisoma garua - 2.42 0.40 0.48 2.05 

Eutropiicthys vacha - 0.53 4.17 1.23 4.52 

Pseudapocryptes - 0.78 10.32 3.06 8.07 
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lanceolatus 

Scomberomorus 

commerson 

- 8.82 62.30 1.82  (Rajaram et 

al., 2018) 

Labio bata - 10.05 7.5 3.9 3 (Ackman et 

al., 2002) Labeo calbasu - 6.8 1.2 2.9 2.1 

 

Optimal Daily Intake of EPA and DHA 

Sufficient amounts of EPA and DHA are important for 

heart health, brain health, and health in general. The 

American Heart Association recommends that people get at 

least 500 mg of summed EPA+DHA per day, ideally from 

fish, to support general cardiovascular health, or about 1 

g/day of EPA+DHA for those with documented coronary 

heart disease (Froyen & Maarafi, 2022). General 

recommendations for healthy adults tend to land in the 250 

– 500 mg/day range and show a connection with lower 

cardiovascular risk (Racey et al., 2021). For brain-related 

benefits and cognitive outcomes, particularly in aged 

populations and during pregnancy, two servings of fatty 

fish per week (approximately ~500 to 1000 mg EPA+DHA 

per day) is associated with better cognitive performance 

and less risk of a later diagnosis of neurodegenerative 

disease (Lehner et al., 2021). Pregnant and lactating 

women should aim for between 200 and 300 mg DHA per 

day and although there are different opinions on how and 

which forms of Omega-3 EPA+DHA work, it is still 

generally supported that between 600 and 800 mg of 

EPA+DHA daily should provide sufficient dietary support 

for brain development and to prevent preterm birth (von 

Schacky, 2020). Dietary omega-3 supplements have also 

been shown to be beneficial for alleviating symptoms of 

rheumatoid arthritis by attenuating inflammatory cytokines 

and modulating the function of the patient. EPA, DHA and 

LA intake also contributes to the influence of pathways in 

human cellular and molecular interactions related to brain 

disorders (Kousparou et al., 2023) and high-dose omega-3s 

are being studied for safety and efficacy in severe traumatic 

brain injury and hypoxic brain injury recovery (Bailes et 

al., 2020). 

CONCLUSION 

This review contends that omega-3 fatty acids are essential 

polyunsaturated fatty acids that are essential for human 

health, especially EPA and DHA, which are involved in 

brain function, cardiovascular health, and cellular 

functions. Since these essential fatty acids cannot be 

synthesized in the human body, dietary sources of these 

fatty acids are the only source. Freshwater fish can be a 

very practical food source for everyone wishing to obtain a 

relatively easy and natural source of omega-3 fatty acids in 

the diet. To maximize the benefits of omega-3 fatty acids in 

the diet, incorporating many varieties of fish in the diet 

ensures adequate and appropriately balanced consumption 

of the levels of these essential fatty acids needed to support 

mental and physical health. Thus, it can be inferred that 

including freshwater fish as a food source in the diet may 

help to support cognitive function and enhance health for 

everyone. 

ACKNOWLEDGMENT  

The author would like to express gratitude to each co-

author for their invaluable assistance in completing this 

work. This study would not have been effective without 

their combined efforts and dedication. 

CONFLICT OF INTERESTS 

The authors declare no conflict of interest 

ETHICS APPROVAL 

Not applicable 

FUNDING  

This study received no specific funding from public, 

commercial, or not-for-profit funding agencies.  

AI TOOL DECLARATION  

The authors declares that no AI and related tools are used to 

write the scientific content of this manuscript. 

DATA AVAILABILITY  

Data will be available on request 

REFERENCES 

Ackman, R. G., Mcleod, C., Misra, K. K., & Rakshit, S. 

(2002). Lipids and fatty acids of five freshwater food 

fishes of India. Journal of Food Lipids, 9(2), 127–145. 

https://doi.org/10.1111/j.1745-4522.2002.tb00214.x. 

Al, M. D. M., Van Houwelingen, A. C., Kester, A. D. M., 

Hasaart, T. H. M., De Jong, A. E. P., & Hornstra, G. 

(1995). Maternal essential fatty acid patterns during 

normal pregnancy and their relationship to the neonatal 

essential fatty acid status. British Journal of Nutrition, 

74(1), 55–68. https://doi.org/10.1079/bjn19950106. 

Arends, J., Bachmann, P., Baracos, V., Barthelemy, N., 

Bertz, H., Bozzetti, F., Fearon, K., Hütterer, E., Isenring, 

E., Kaasa, S., Krznaric, Z., Laird, B., Larsson, M., 

Laviano, A., Mühlebach, S., Muscaritoli, M., Oldervoll, 

L., Ravasco, P., Solheim, T., … Preiser, J. C. (2017). 

ESPEN guidelines on nutrition in cancer patients. 



Himashri Talukdar et al.                                                                                                       Int. J. Zool. Appl. Biosci., 10(6), 173-180, 2025 

www.ijzab.com  178 

Clinical Nutrition, 36(1), 11–48. 

https://doi.org/10.1016/j.clnu.2016.07.015. 

Bhatt, D. L., Steg, P. G., Miller, M., Brinton, E. A., 

Jacobson, T. A., Ketchum, S. B., Doyle, R. T., Juliano, R. 

A., Jiao, L., Granowitz, C., Tardif, J.-C., & Ballantyne, C. 

M. (2019). Cardiovascular Risk Reduction with Icosapent 

Ethyl for Hypertriglyceridemia. New England Journal of 

Medicine, 380(1), 11–22. 

https://doi.org/10.1056/nejmoa1812792. 

Burckhardt, M., Herke, M., Wustmann, T., Watzke, S., 

Langer, G., & Fink, A. (2015). Omega 3 fatty acids for 

the treatment of dementia. Cochrane Database of 

Systematic Reviews, 2015(3). 

https://doi.org/10.1002/14651858.CD009002.pub2. 

Coley, N., Raman, R., Donohue, M. C., Aisen, P. S., 

Vellas, B., & Andrieu, S. (2018). Defining the Optimal 

Target Population for Trials of Polyunsaturated Fatty 

Acid Supplementation Using the Erythrocyte Omega-3 

Index: A Step Towards Personalized Prevention of 

Cognitive Decline? Journal of Nutrition, Health and 

Aging, 22(8), 982–988. https://doi.org/10.1007/s12603-

018-1052-2. 

Coniglio, S., Shumskaya, M., & Vassiliou, E. (2023). 

Unsaturated fatty acids and their immunomodulatory 

properties. Biology, 12(2), 279. 

Dalli, J., Winkler, J. W., Colas, R. A., Arnardottir, H., 

Cheng, C. Y. C., Chiang, N., Petasis, N. A., & Serhan, C. 

N. (2013). Resolvin D3 and aspirin-triggered resolvin D3 

are potent immunoresolvents. Chemistry and Biology, 

20(2), 188–201. 

https://doi.org/10.1016/j.chembiol.2012.11.010.. 

de Aguiar Pastore Silva, J., Emilia de Souza Fabre, M., & 

Waitzberg, D. L. (2015). Omega-3 supplements for 

patients in chemotherapy and/or radiotherapy: A 

systematic review. Clinical Nutrition, 34(3), 359–366. 

https://doi.org/10.1016/j.clnu.2014.11.005. 

Djuricic, I., & Calder, P. C. (2021). Beneficial outcomes of 

omega-6 and omega-3 polyunsaturated fatty acids on 

human health: An update for 2021. Nutrients, 13(7). 

https://doi.org/10.3390/nu13072421. 

Fahs, C. A., Yan, H., Ranadive, S., Rossow, L. M., 

Agiovlasitis, S., Wilund, K. R., & Fernhall, B. (2010). 

The effect of acute fish-oil supplementation on 

endothelial function and arterial stiffness following a 

high-fat meal. Applied Physiology, Nutrition and 

Metabolism, 35(3), 294–302. 

https://doi.org/10.1139/H10-020. 

Fishery and Aquaculture Statistics – Yearbook 2021. 

(2024). In Fishery and Aquaculture Statistics – Yearbook 

2021. https://doi.org/10.4060/cc9523en. 

Fitzgerald, K. C., O’Reilly, É. J., Falcone, G. J., 

McCullough, M. L., Park, Y., Kolonel, L. N., & Ascherio, 

A. (2014). Dietary ω-3 polyunsaturated fatty acid intake 

and risk for amyotrophic lateral sclerosis. JAMA 

Neurology, 71(9), 1102–1110. 

https://doi.org/10.1001/jamaneurol.2014.1214. 

Froyen, E., & Maarafi, Z. (2022). The Consumption of 

Omega-3 Fatty Acids in American Adults. Current 

Developments in Nutrition, 6, 902. 

https://doi.org/10.1093/cdn/nzac067.022. 

Ganda, O. P., Bhatt, D. L., Mason, R. P., Miller, M., & 

Boden, W. E. (2018). Unmet Need for Adjunctive 

Dyslipidemia Therapy in Hypertriglyceridemia 

Management. Journal of the American College of 

Cardiology, 72(3), 330–343. 

https://doi.org/10.1016/j.jacc.2018.04.061. 

Garrel, C., Alessandri, J. M., Guesnet, P., & Al-Gubory, K. 

H. (2012). Omega-3 fatty acids enhance mitochondrial 

superoxide dismutase activity in rat organs during post-

natal development. International Journal of Biochemistry 

and Cell Biology, 44(1), 123–131. 

https://doi.org/10.1016/j.biocel.2011.10.007. 

Gould, J. F., Smithers, L. G., & Makrides, M. (2013). The 

effect of maternal omega-3 (n23) LCPUFA 

supplementation during pregnancy on early childhood 

cognitive and visual development: A systematic review 

and meta-analysis of randomized controlled trials1-3. 

American Journal of Clinical Nutrition, 97(3), 531–544. 

https://doi.org/10.3945/ajcn.112.045781. 

Inoue, T., Tanaka, M., Masuda, S., Ohue-Kitano, R., 

Yamakage, H., Muranaka, K., Wada, H., Kusakabe, T., 

Shimatsu, A., Hasegawa, K., & Satoh-Asahara, N. 

(2017). Omega-3 polyunsaturated fatty acids suppress the 

inflammatory responses of lipopolysaccharide-stimulated 

mouse microglia by activating SIRT1 pathways. In 

Biochimica et Biophysica Acta - Molecular and Cell 

Biology of Lipids (Vol. 1862, Issue 5). Elsevier B.V. 

https://doi.org/10.1016/j.bbalip.2017.02.010. 

Jakhar, J. K., Pal, A. K., Devivaraprasad Reddy, A., Sahu, 

N. P., G., V., Vardia, H. K., & 1College. (2012). Fatty 

Acids Composition of Someselected Indian Fishes. 

African Journal of Basic & Applied Sciences, 4(5), 155–

160. https://doi.org/10.5829/idosi.ajbas.2012.4.5.6627. 

Kepinska-Pacelik, J., & Biel, W. (2024). Fatty acid profiles 

and fat contents in fish, modification methods and 

potential uses in the nutrition of dogs and cats. Folia 

Pomeranae Universitatis Technologiae Stetinensis. 

Agricultura, Alimentaria, Piscaria et Zootechnica, 69(1 

(370)).Kidd, P. M. (2007). Omega-3 DHA and EPA for 

cognition, behavior, and mood: clinical findings and 

structural-functional synergies with cell membrane 

phospholipids. Alternative medicine review, 12(3), 207. 

Kousparou, C., Fyrilla, M., Stephanou, A., & Patrikios, I. 

(2023). DHA/EPA (Omega-3) and LA/GLA (Omega-6) 

as Bioactive Molecules in Neurodegenerative Diseases. 

International Journal of Molecular Sciences, 24(13). 

https://doi.org/10.3390/ijms241310717. 

Kuipers, R. S., Luxwolda, M. F., Sango, W. S., Kwesigabo, 

G., Dijck-Brouwer, D. A. J., & Muskiet, F. A. J. (2011). 

Maternal DHA equilibrium during pregnancy and 



Himashri Talukdar et al.                                                                                                       Int. J. Zool. Appl. Biosci., 10(6), 173-180, 2025 

www.ijzab.com  179 

lactation is reached at an erythrocyte DHA content of 8 

g/100 g fatty acids. Journal of Nutrition, 141(3), 418–

427. https://doi.org/10.3945/jn.110.128488. 

Lauritzen, L., Hansen, H. S., Jorgensen, M. H., & 

Michaelsen, K. F. (2001). The essentiality of long chain 

n-3 fatty acids in relation to development and function of 

the brain and retina. Progress in Lipid Research, 40(1–2), 

1–94. https://doi.org/10.1016/S0163-7827(00)00017-5. 

Lehner, A., Staub, K., Aldakak, L., Eppenberger, P., Rühli, 

F., Martin, R. D., & Bender, N. (2021). Impact of omega-

3 fatty acid DHA and EPA supplementation in pregnant 

or breast-feeding women on cognitive performance of 

children: Systematic review and meta-analysis. Nutrition 

Reviews, 79(5), 585–598. 

https://doi.org/10.1093/nutrit/nuaa060. 

Mazahery, H., Stonehouse, W., Delshad, M., Kruger, M. 

C., Conlon, C. A., Beck, K. L., & von Hurst, P. R. (2017). 

Relationship between long chain n-3 polyunsaturated 

fatty acids and autism spectrum disorder: Systematic 

review and meta-analysis of case-control and randomised 

controlled trials. Nutrients, 9(2), 1–32. 

https://doi.org/10.3390/nu9020155. 

Mohanty, B. P., Ganguly, S., Mahanty, A., Sankar, T. V., 

Anandan, R., Chakraborty, K., Paul, B. N., Sarma, D., 

Syama Dayal, J., Venkateshwarlu, G., Mathew, S., Asha, 

K. K., Karunakaran, D., Mitra, T., Chanda, S., Shahi, N., 

Das, P., Das, P., Akhtar, M. S., Sridhar, N. (2016). DHA 

and EPA content and fatty acid profile of 39 food fishes 

from India. BioMed Research International, 2016. 

https://doi.org/10.1155/2016/4027437. 

Mozaffarian, D., Lemaitre, R. N., King, I. B., Song, X., 

Spiegelman, D., Sacks, F. M., Rimm, E. B., & Siscovick, 

D. S. (2011). Circulating long-chain ω-3 fatty acids and 

incidence of congestive heart failure in older adults: The 

cardiovascular health study a cohort study. Annals of 

Internal Medicine, 155(3), 160–171. 

https://doi.org/10.7326/0003-4819-155-3-201108020-

00006. 

Ogundipe, E., Tusor, N., Wang, Y., Johnson, M. R., 

Edwards, A. D., & Crawford, M. A. (2018). Randomized 

controlled trial of brain specific fatty acid 

supplementation in pregnant women increases brain 

volumes on MRI scans of their newborn infants. 

Prostaglandins Leukotrienes and Essential Fatty Acids, 

138(September), 6–13. 

https://doi.org/10.1016/j.plefa.2018.09.001. 

Oscarsson, J., & Hurt-Camejo, E. (2017). Omega-3 fatty 

acids eicosapentaenoic acid and docosahexaenoic acid 

and their mechanisms of action on apolipoprotein B-

containing lipoproteins in humans: A review. Lipids in 

Health and Disease, 16(1), 1–13. 

https://doi.org/10.1186/s12944-017-0541-3. 

Pantzaris, M. C., Loukaides, G. N., Ntzani, E. E., & 

Patrikios, I. S. (2013). A novel oral nutraceutical formula 

of omega-3 and omega-6 fatty acids with vitamins 

(PLP10) in relapsing remitting multiple sclerosis: A 

randomised, double-blind, placebo-controlled proof-of-

concept clinical trial. BMJ Open, 3(4), 1–16. 

https://doi.org/10.1136/bmjopen-2012-002170. 

Paul, B., Bhowmick, S., Chanda, S., Sridhar, N., & Giri, S. 

(2019). Nutrient profile of five freshwater fish species. 

SAARC Journal of Agriculture, 16(2), 25–41. 

https://doi.org/10.3329/sja.v16i2.40256. 

Pisaniello, A. D., Nicholls, S. J., Ballantyne, C. M., Bhatt, 

D. L., Wong, N. D., & Lilly, E. (2020). Eicosapentaenoic 

Acid : Atheroprotective Properties and the Reduction of 

Atherosclerotic Cardiovascular Disease Events These 

posters and oral presentations were presented from the 

28 th to 30 th March as part of the American College of 

Cardiology ( ACC ) . June, 29–36. 

https://doi.org/10.13140/RG.2.2.10979.27687. 

Qi, K., Fan, C., Jiang, J., Zhu, H., Jiao, H., Meng, Q., & 

Deckelbaum, R. J. (2008). Omega-3 fatty acid containing 

diets decrease plasma triglyceride concentrations in mice 

by reducing endogenous triglyceride synthesis and 

enhancing the blood clearance of triglyceride-rich 

particles. Clinical Nutrition, 27(3), 424–430. 

https://doi.org/10.1016/j.clnu.2008.02.001. 

Racey, M., Macfarlane, A., Carlson, S. E., Stark, K. D., 

Plourde, M., Field, C. J., Yates, A. A., Wells, G., 

Grantham, A., Bazinet, R. P., & Ma, D. W. L. (2021). 

Dietary reference intakes based on chronic disease 

endpoints: Outcomes from a case study workshop for 

omega 3’s EPA and DHA. Applied Physiology, Nutrition 

and Metabolism, 46(5), 530–539. 

https://doi.org/10.1139/apnm-2020-0994. 

Rajaram, R., Maruthamuthu, A., & Metillo, E. B. (2018). 

Fatty Acid Profiling of Commercially Important Raw and 

Boiled Seer Fish Scomberomorus commerson (Lacepede, 

1800) (Scombridae, Teleostei, Pisces). Proceedings of the 

Zoological Society, 71(2), 146–152. 

https://doi.org/10.1007/s12595-017-0222-2. 

Salem, N., Litman, B., Kim, H., & Gawrisch, K. (2001). 

This review describes (from both the animal and human 

literature) the biological consequences of losses in 

nervous system docosahexaenoate (DHA). It then 

concentrates on biological mechanisms that may serve to 

explain changes in brain and retinal function. Lipids, 

36(9), 945–959. 

https://link.springer.com/content/pdf/10.1007%2Fs11745-

001-0805-6.pdf. 

Sansbury, B. E., & Spite, M. (2016). Resolution of acute 

inflammation and the role of resolvins in immunity, 

thrombosis, and vascular biology. Circulation Research, 

119(1), 113–130. 

https://doi.org/10.1161/CIRCRESAHA.116.307308. 

Schaefer, E. J., Bongard, V., Beiser, A. S., Lamon-Fava, S., 

Robins, S. J., Au, R., Tucker, K. L., Kyle, D. J., Wilson, 

P. W. F., & Wolf, P. A. (2006). Plasma 

phosphatidylcholine docosahexaenoic acid content and 

risk of dementia and alzheimer disease: The framingham 



Himashri Talukdar et al.                                                                                                       Int. J. Zool. Appl. Biosci., 10(6), 173-180, 2025 

www.ijzab.com  180 

heart study. Archives of Neurology, 63(11), 1545–1550. 

https://doi.org/10.1001/archneur.63.11.1545. 

Shaikh, S. R., Rockett, B. D., Salameh, M., & Carraway, K. 

(2009). Docosahexaenoic acid modifies the clustering and 

size of lipid rafts and the lateral organization and surface 

expression of MHC class I of EL4 cells. Journal of 

Nutrition, 139(9), 1632–1639. 

https://doi.org/10.3945/jn.109.108720. 

Shearer, G. C., Savinova, O. V., & Harris, W. S. (2008). 

Fish Oil and Plasma Triglycerides. Bone, 23(1), 1–7. 

https://doi.org/10.1016/j.bbalip.2011.10.011.Fish. 

Sherratt, S. C. R., Libby, P., Bhatt, D. L., & Mason, R. P. 

(2022). A biological rationale for the disparate effects of 

omega-3 fatty acids on cardiovascular disease outcomes. 

Prostaglandins Leukotrienes and Essential Fatty Acids, 

182(March), 102450. 

https://doi.org/10.1016/j.plefa.2022.102450 

Sherratt, S. C. R., Libby, P., Budoff, M. J., Bhatt, D. L., & 

Mason, R. P. (2023). Role of Omega-3 Fatty Acids in 

Cardiovascular Disease: the Debate Continues. Current 

Atherosclerosis Reports, 25(1), 1–17. 

https://doi.org/10.1007/s11883-022-01075-x 

Sherratt, S. C. R., Shrivastava, S., Jacob, R. F., 

Chattopadhyay, A., & Mason, R. P. (2016). 

Docosahexaenoic Acid (DHA), but not Eicosapentaenoic 

Acid (EPA), Increases Both Membrane Fluidity and 

Cholesterol Crystalline Domain Formation in Lipid 

Vesicles. Biophysical Journal, 110(3), 583a. 

https://doi.org/10.1016/j.bpj.2015.11.3115. 

Singh, S., Arora, R. R., Singh, M., & Khosla, S. (2016). 

Eicosapentaenoic acid versus docosahexaenoic acid as 

options for vascular risk prevention: A fish story. 

American Journal of Therapeutics, 23(3), e905–e910. 

https://doi.org/10.1097/MJT.0000000000000165. 

Spector, A. A., & Kim, H. Y. (2015). Discovery of 

essential fatty acids. Journal of Lipid Research, 56(1), 

11–21. https://doi.org/10.1194/jlr.R055095 

Sun, Q., Ma, J., Campos, H., Rexrode, K. M., Albert, C. 

M., Mozaffarian, D., & Hu, F. B. (2008). Blood 

concentrations of individual long-chain n-3 fatty acids 

and risk of nonfatal myocardial infarction. American 

Journal of Clinical Nutrition, 88(1), 216–223. 

https://doi.org/10.1093/ajcn/88.1.216. 

Swapna, H. C., Rai, A. K., Bhaskar, N., & Sachindra, N. 

M. (2010). Lipid classes and fatty acid profile of selected 

Indian fresh water fishes. Journal of Food Science and 

Technology, 47(4), 394–400. 

https://doi.org/10.1007/s13197-010-0065-6. 

Torres, P., Cacabelos, D., Pairada, J., Bauer, K. C., Boada, 

J., Fontdevila, L., Rossi, C., Povedano, M., Ferrer, I., 

Pamplona, R., Finlay, B. B., Portero-Otín, M., & Ayala, 

V. (2020). Gender-Specific Beneficial Effects of 

Docosahexaenoic Acid Dietary Supplementation in 

G93A-SOD1 Amyotrophic Lateral Sclerosis Mice. 

Neurotherapeutics, 17(1), 269–281. 

https://doi.org/10.1007/s13311-019-00808-2. 

Troesch, B., Eggersdorfer, M., Laviano, A., Rolland, Y., 

Smith, A. D., Warnke, I., Weimann, A., & Calder, P. C. 

(2020). Expert opinion on benefits of long-chain omega-3 

fatty acids (DHA and EPA) in aging and clinical 

nutrition. Nutrients, 12(9), 1–25. 

https://doi.org/10.3390/nu12092555 

Van Der Meij, B. S., Langius, J. A. E., Smit, E. F., 

Spreeuwenberg, M. D., Von Blomberg, B. M. E., 

Heijboer, A. C., Paul, M. A., & Van Leeuwen, P. A. M. 

(2010). Oral nutritional supplements containing (n-3) 

polyunsaturated fatty acids affect the nutritional status of 

patients with stage III non-small cell lung cancer during 

multimodality treatment. Journal of Nutrition, 140(10), 

1774–1780. https://doi.org/10.3945/jn.110.121202 

von Schacky, C. (2020). Omega-3 fatty acids in 

pregnancy—the case for a target omega-3 index. 

Nutrients, 12(4), 1–12. 

https://doi.org/10.3390/nu12040898 

Wang, X. N., Zhang, C. J., Diao, H. L., & Zhang, Y. 

(2017). Protective effects of curcumin against sodium 

arsenite-induced ovarian oxidative injury in a mouse 

model. Chinese Medical Journal, 130(9), 1026–1032. 

https://doi.org/10.4103/0366-6999.204927. 

Wang, Y., Leppert, A., Tan, S., van der Gaag, B., Li, N., 

Schultzberg, M., & Hjorth, E. (2021). Maresin 1 

attenuates pro-inflammatory activation induced by β-

amyloid and stimulates its uptake. Journal of Cellular 

and Molecular Medicine, 25(1), 434–447. 

https://doi.org/10.1111/jcmm.16098. 

Weinstock-Guttman, B., Baier, M., Park, Y., Feichter, J., 

Lee-Kwen, P., Gallagher, E., Venkatraman, J., 

Meksawan, K., Deinehert, S., Pendergast, D., Awad, A. 

B., Ramanathan, M., Munschauer, F., & Rudick, R. 

(2005). Low fat dietary intervention with ω-3 fatty acid 

supplementation in multiple sclerosis patients. 

Prostaglandins Leukotrienes and Essential Fatty Acids, 

73(5), 397–404. 

https://doi.org/10.1016/j.plefa.2005.05.024. 

World Health Organization. (2024, June 

11). Cardiovascular diseases 

(CVDs). https://www.who.int/news-room/fact-

sheets/detail/cardiovascular-diseases-(cvds). 

Xu, M., Wang, X., Li, Y., Geng, X., Jia, X., Zhang, L., & 

Yang, H. (2021). Arachidonic Acid Metabolism Controls 

Macrophage Alternative Activation Through Regulating 

Oxidative Phosphorylation in PPARγ Dependent Manner. 

Frontiers in Immunology, 12(June), 1–14. 

https://doi.org/10.3389/fimmu.2021.618501. 

Yang, Y. C., Lii, C. K., Wei, Y. L., Li, C. C., Lu, C. Y., 

Liu, K. L., & Chen, H. W. (2013). Docosahexaenoic acid 

inhibition of inflammation is partially via cross-talk 

between Nrf2/heme oxygenase 1 and IKK/NF-κB 

pathways. Journal of Nutritional Biochemistry, 24(1), 

204–212. https://doi.org/10.1016/j.jnutbio.2012.05.003.


