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Abstract

Fish health, growth, and reproduction rely substantially on omega-3 fatty acids, mainly eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA). These polyunsaturated fatty acids are pivotal for fish nutrition because they fortify immunity, foster growth, and enhance stress
endurance. In spite of availability of theseomega-3s for fish, majorly carnivorous species in their diet, overfishing and the consumption of marine
resources have made it challenging to sustain these pivotal nutrients. The biological importance of omega-3s, their substantial effects on fish
growth and feed efficacy, and the health benefits they provide to both farmed and wild fish are all elucidated in this review. It also presents
sustainable alternatives for traditional fish-originated omega-3s, such as algae and plant-derived oils. In an effort to ensure fish health and
industrial sustainability, the innovative approach in fish nutrition demands creating these alternatives and optimizing mega-3incorporation in
aquaculture.
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Introduction

Fish nutrition contributes significantly to sustaining the health
aswell as optimal growth of fish in both wild and farmed conditions.
Critical nutrients including lipids, proteins, and vitamins are vital
for fish to boom. Among lipids, omega-3 fatty acids, mainly and
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)
have been materialized as key elements for fish health. These
polyunsaturated fatty acids are pivotal for different physiological
functions, like growth optimization, immune support, and stress
endurance, which are significant in both aquaculture setups and
natural ecosystems [1].

The Biological value of Omega-3 Fatty Acids

Omega-3 fatty acids are distinguished by their unique
chemical structure, which entails many double bonds starting at
third carbon atom of the methyl group.

EPA and DHA account for integral forms of omega-3s in fish.
Since, fish are unable to create fatty acids in optimal quantities,
hence, are always in need to acquire them from external sources
or through die [2]. Comparing the different feeding habit of fish,
it is concluded that carnivorous fishlike mackerel, catfish and
salmon get enhanced levels of omega-3s through feeding on
algae or smaller fish, whereas herbivorous fish extract these fatty
acids to smaller extent [3]. These lipids are embedded into cell
membranes, boosting their fluidity, which is crucial for systematic
cellular functioning. Furthermore, they significantly contribute
to enhancing neural development, lowering inflammation and
controlling the expression of genes associated with growth [4].

Influence on Growth and Feed efficacy

Among many effects of omega-3 fatty acids in fish nutrition,
the most studied effect is their influence on feed efficacy and
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growth. Since omega-3s are reported to enhance the efficacy of
protein metabolism, which directly improves feed conversion
ratios, consequently, enhances growth. Omega-3 fatty acids impact
was analyzed through experiments on farmed fish, diets rich in
omega-3s were found performing efficiently leading to better
growth compared to diets lacking aforesaid efficacious fatty acids
[5]. Additionally, omega-3s regulate cellular energy efficiency
by contributing to mitochondrial function, which is crucial for
balancing the energy equilibrium during growth. This confirms
that the energy obtained from the food is utilized preferably for
cellular processes instead of being accumulated as fat.

Health advantages of Omega-3s in Fish

Since omega-3 fatty acids promote endurance against the
stress of confined aquaculture settings, hence are significant
for sustaining the health of fish besides growth. EPA and DHA
have been proven to strengthen immune responses, making
fish more resilient to infections and diseases. This is especially
advantageous in aquaculture, where disease outburst can lead
to major financial losses. Additionally, omega-3s supports better
osmoregulation and stress endurance, making fish to acclimate to
erratic environmental conditions more efficiently [6]. Omega-3s
also foster reproductive health. Notable, studies have elucidated
that fish diets enriched with omega-3-depict elated fertility,
improved egg quality, and enhanced survival efficiency of larvae

[7].
Difficulties in Sourcing Omega-3s durably

Traditionally, fish oil and fish meal have been the preliminary
sources of omega-3 fatty acids in fish feeds. Nonetheless, as the
global requirement for fish kept increasing continuously, the
durability and sufficiency of these resources has come under
threat [8]. Overfishing and the reduction of marine resources offer
an alarming consideration to the persistent dependence on fish-
derived omega-3s, consequently led to a pursuit for substitute
roots of omega-3s in fish feed. Plant-derived oils, like flaxseed
and canola oil, as well as algae-based oils, are being introduced
as popular substitutes to conventional fish oil and fishmeal [9].
Algae, especially, provides a potential source of omega-3s, since
it is resourceful for generating large amount of EPA and DHA.
Investigations into the utilization of algae as a complement in
aquaculture diets is swiftly advancing, with encouraging verdicts
depicting that algae-derived omega-3s can efficaciously substitute
fish-derived omega-3s without conceding fish health or growth
[10].

Future avenues in Fish Nutrition

The future of omega-3 supplementation in fish nutrition relies
on discovering resilient substitutes that can compensate the ever-
growing requirement for aquaculture products.

Progress in the cultivation of algae and the breakthroughs
of plant-based omega-3 resources are highly anticipated to
play a critical role in this transition. Furthermore, the genetic

amendments of fish to facilitate them to develop omega-3s
effectively is an avenue of pondering that offers guarantee for
the future of sustainable aquaculture [11]. Beyond nutritional
tactics, there is elated interest in refining omega-3 use in fish.
Comprehending how various fish species metabolize omega-3s
and tailoring feeds to comply with their peculiar demands will
support improve diet efficiency and lower waste [12].

Conclusion

Omega-3 fatty acids, especially DHA and EPA, are pivotal for
fish growth, health, and reproduction. Their supplementation in
fish feeds helps improved growth, promotes immune function,
and foster reproductive success. However, sourcing these
beneficial nutrients continuously is an alarming challenge, and
advancements in substitute sources, like algae and plant oils, are
setting the stage for more enduring aquaculture practices. By
sticking to uncover the advantages of omega-3s and establishing
more sustainable ways for sourcing them, the future of fish
feed looks prospective for both the health of the fish and the
sustainability of the aquaculture industry.

References

1. Smith ] (2023) The role of omega-3 fatty acids in fish health and
growth. Marine Ecology Progress Series 600(5): 45-58.

2. Jones MT, Brown P (2022) Omega-3 fatty acids in aquaculture nutrition.
Aquaculture Research 54(7): 1562-1574.

3. Kumar N, Kumar CN, Kumar GS, Shashi B, Bapurao P (2022) Omega-3
fatty acids effectively modulate growth, immunity, and stress-resilience
in fish. Journal of Fish Biology.

4. Mendivil CO (2021) Dietary fish, fish nutrients, and immune function:
Areview. Nutrients.

5. Sprague M (2016) Impact of sustainable feeds on omega-3 long-chain
fatty acid composition and fish performance. Scientific Reports.

6. Tacdn AGJ, Metian M (2015) The importance of essential fatty acids and
their ratios in fish nutrition and human health. Aquaculture Research.

7. SantigosaE, Constant D, Prudence D, Wahli T, Trichet VV (2020) A novel
marine algal oil containing both EPA and DHA is an effective substitute
for fish oil in salmonid diets. Journal of the World Aquaculture Society
51(3): 649-665.

8. Black S, Green R (2022) Sustainability in omega-3 sourcing
for aquaculture. In: White D, Brown A (Eds.), Aquaculture and
Environmental Sustainability Elsevier, pp. 112-134.

9. Rodrigues M, Rosa A, Almeida A, Martins R, Ribeiro T, et al. (2024)
Omega-3 fatty acids from fish by-products: Innovative strategies for
sustainable aquaculture feed. Journal of Aquaculture Research 145:
32-41.

10. Glencross BD, Bachis E, Betancor MB, Calder P, Liland N, et al. (2024)
Omega-3 futures in aquaculture: Exploring the supply and demands
for long-chain omega-3 essential fatty acids by aquaculture species.
Reviews in Fisheries Science & Aquaculture. 33(2): 167-216.

11. Carr, Glencross B, Santigosa E (2023) The importance of essential fatty
acids and their ratios in aquafeeds to enhance salmonid production,
welfare, and human health. Frontiers in Animal Science.

12. Tocher DR, Betancor MB, Sprague M, Olsen RE, Napier JA (2019)
Omega-3 long-chain polyunsaturated fatty acids, EPA and DHA:
Bridging the gap between supply and demand. Nutrients 11(1): 89.

How to cite this article: Huma Ayub1, Umar ljaz2*, Pakeeza khaliq1, Kashaf Butt1, Muhammad Asif G, et al. The distinctive Role of Omega-3 Fatty Acids in
Fish Health and Growth: A Nutritional outlook. Oceanogr Fish Open Access J. 2025; 18(5): 555999. DOI: 10.19080/0F0AJ.2025.18.555999


http://dx.doi.org/10.19080/OFOAJ.2025.18.555999
https://pubmed.ncbi.nlm.nih.gov/33553231/
https://pubmed.ncbi.nlm.nih.gov/33553231/
https://onlinelibrary.wiley.com/doi/abs/10.1111/jwas.12699
https://onlinelibrary.wiley.com/doi/abs/10.1111/jwas.12699
https://onlinelibrary.wiley.com/doi/abs/10.1111/jwas.12699
https://onlinelibrary.wiley.com/doi/abs/10.1111/jwas.12699
https://www.sciencedirect.com/science/article/pii/S0960308524000221
https://www.sciencedirect.com/science/article/pii/S0960308524000221
https://www.sciencedirect.com/science/article/pii/S0960308524000221
https://www.sciencedirect.com/science/article/pii/S0960308524000221
https://www.tandfonline.com/doi/full/10.1080/23308249.2024.2388563
https://www.tandfonline.com/doi/full/10.1080/23308249.2024.2388563
https://www.tandfonline.com/doi/full/10.1080/23308249.2024.2388563
https://www.tandfonline.com/doi/full/10.1080/23308249.2024.2388563
https://www.frontiersin.org/journals/animal-science/articles/10.3389/fanim.2023.1147081/full
https://www.frontiersin.org/journals/animal-science/articles/10.3389/fanim.2023.1147081/full
https://www.frontiersin.org/journals/animal-science/articles/10.3389/fanim.2023.1147081/full
https://pubmed.ncbi.nlm.nih.gov/30621155/
https://pubmed.ncbi.nlm.nih.gov/30621155/
https://pubmed.ncbi.nlm.nih.gov/30621155/

Oceanography & Fisheries Open access Journal

This work is licensed under Creative . s . . .
@ @ Commons Attribution 4.0 Licens Your next submission with Juniper Publishers
DOI: 10.19080/0F0AJ.2025.18.555999 will reach you the below assets

o Quality Editorial service
¢ Swift Peer Review
e Reprints availability
e E-prints Service
¢ Manuscript Podcast for convenient understanding
¢ Global attainment for your research
e Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

¢ Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/online-submission.php

m How to cite this article: Huma Ayub1, Umar ljaz2*, Pakeeza khaliq1, Kashaf Butt1, Muhammad Asif G, et al. The distinctive Role of Omega-3 Fatty Acids in
Fish Health and Growth: A Nutritional outlook. Oceanogr Fish Open Access J. 2025; 18(5): 555999. DOI: 10.19080/0F0AJ.2025.18.555999


http://dx.doi.org/10.19080/OFOAJ.2025.18.555999
http://dx.doi.org/10.19080/OFOAJ.2025.18.555999
https://juniperpublishers.com/online-submission.php

