Ig INTERNATIONAL JOURNAL OF VERSATILE RESEARCH AND ANALYSIS (IJVRA) opmancﬂss
} IJVRA © 2026 [JVRA | Volume 4, Issue 3, March 2026 | ISSN: 2984-8903 | ]JVRA.ORG

Sustainable Sea Food

Pratyaksh Anand, Chef, ITM IHM
Namra Shah, Chef, ITM IHM
Rishith Marathe, Chef, ITM IHM
Avinash Bamania, Chef, ITM IHM

Fish provides humans high-quality proteins, lipids, and ash (macronutrients) as well as important vitamins
and minerals (micronutrients). Because of this nutrient density, fish is superior to many different animal
foods for a balanced diet. In today’s developing countries, many people depend on fish for over 30% of
their animal-protein consumption.(Mishra, (2020).Many of the fish species are rich in omega-3 poly,
unsaturated fatty acids (especially EPA (eicosapentaenoic acid) & DHA)(docosahexaenoic acid), which
are beneficial for cardiovascular health and reducing inflammation. These fats also help in brain
development, especially in children. (ICAR-Central Institute of Fisheries Technology (CIFT) (2024)

These nutrients are present both in freshwater and marine fish species that are generally consumed in
India, giving an extended view of the country’s fish-eating habits. This includes macronutrient data
(protein, fat, moisture, ash), implying many Indian fish species are excellent sources of high-quality
protein. (Chakraborty, (2015). On the contrary to these nutrients, the seafood industry produces), implying
units of wastes, shrimp shells, fish bones, fins, skin, intestine protein. (ses, and wastewater, many of which
are nutrient-rich. (Nag, (2022).

Because of its nutrient density, seafood plays a unique role in closing micronutrient gaps, particularly in
populations where deficiencies are common. Small, nutrient-rich species could be especially important in
low-income settings, these could help improve diet quality for vulnerable or nutritionally at-risk
populations. (EAT-Lancet Commission (2025). Nutrient composition data are inconsistent, using different
units (whole fish, edible parts, dry weight, etc.), making comparison hard. Cooking, processing (drying,
smoking). Nutrient on, season, size of fish all influence nutrient levels, these variations are under-studied.
(Byrd, (2021).

As fish is nutritionally important, especially in coastal and low-income populations in India, there is a
trade-off, benefits of fish consumption versus risk of toxic exposure. Public health guidelines require to
balance seafood promotion (for nutrition) with monitoring contaminant levels, especially in polluted
waters. (Azaman, (2015).

Toxic exposure risk can occur because of “Microplastics”, these infiltrate aquatic ecosystems through
littering, wastewater, and the breakdown of larger plastics, accumulating in fish organs and potentially
disrupting their physiology. Also, agricultural pesticides run off into water bodies, bioaccumulating in fish
at higher concentrations than their surrounding environment, drastically affecting fish growth,
reproduction, behaviour, and immunity. (Subaramaniyam, (2023).

There is evidence that consumption of fish lowers the risk of certain diseases (like breast cancer) especially
with higher intake of fish oils. However, large-scale clinical trials (fish Subaramaniyam, ((have not
consistently shown major reductions in mortality or heart attacks. (Gribble, (2016). Fish production,
especially through aquaculture, is considered relatively sustainable and efficient in producing high-
quaGribble, (eins. This makes fish a promising protein in long-term strategies to reduce the threat of
malnutrition and food insecurity. (Maulu, (2021).
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1.0 Nutritional Importance and Consumption Patterns in India

Food which is high in fat, sugar, sweets, and snacks correlate with increased body size and BMI (Body
Mass Index). A traditional diet rich in rice and pulses are linked to a lower diabetes risk compared to a
diet high in sweets and snacks. While some exist between dietary patterns and hypertension and
cholesterol, these are less consistent. .(Green, R., Milner, J., Joy, E. J. M., Agrawal, S. & Dangour, A. D.
(2016).

1.1 Nutrient Profile of Indian Seafood Species in India

Indian seafood species are significant sources of high-quality protein and contribute greatly to animal-
based protein intake in India. Nutritional data from IFCT (Indian Food Composition Tables) includes
major minerals (Ca, P, K, Na, Mg) and trace elements (Zn, Mn, Mo, Cr), which are crucial for bone health
and metabolic functions. This comprehensive nutrient aids dietitians, nutritionists, and public health
planners in creating balanced diets, particularly for populations dependent on seafood as a key protein and
micronutrient source, enhancing nutrition research on seafood's role in Indian diets.(Longvah, T.,
Ananthan, R., Bhaskarachary, K. & Venkaiah, K. (2017).

1.2 Seafood Consumption Trends and Disparities in India

The percentage of Indians consuming fish increased from approximately 66% in 2005-06 to around 72.1%
in 2019-21. Annual fish consumption per capita nearly doubled, rising from 4.9 kg in 2005 to 8.9 kg in
2020, with those already eating fish increasing their consumption from 7.4 kg to 12.3 kg. Factors such as
rising incomes, changing diets, and greater awareness of fish's health benefits have helped prove this
demand. Improved infrastructure in some regions, like Jammu & Kashmir, has further enhanced fish
consumption. The gender gap in consumption is narrower in states like Kerala, Maharashtra, Goa,
Karnataka where fish-eating rates are traditionally high. (Von Goh, E. (2021).
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1.3 Role in Addressing Malnutrition and Micronutrient Deficiencies in India

Micronutrient deficiencies, often termed as hidden hunger, pose significant health challenges in India,
impacting immune function, cognitive development, and overall well-being. Key deficiencies include
iron, zinc, vitamin A, and iodine, which are directly linked to public health issues like anaemia. Promoting
dietary diversity is essential for meeting micronutrient requirements, alongside focuses on
supplementation for vulnerable groups and fortification of staple foods. Nutrition education is crucial to
altering dietary habits in at-risk communities. (Chowdhury, S.R. & Ray, S., 2024).
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1.4 Seafood Safety, Contaminants, and Health Risks in India

Seafood in India often contains bacterial pathogens like Salmonella, Vibrio species, and E. coli,
originating from both natural and human contamination. Factors such as poor sanitation and intensive
aquaculture practices intensify the issue, leading to widespread antibiotic use and potential antimicrobial
resistance. Consumption of contaminated seafood causes gastrointestinal illnesses, with the actual burden
likely underestimated due to under-reporting. (Ramachandran, A. & Raymond, A., 2019.)

1.5 Environmental Contaminants in the Indian Aquatic Ecosystem in India

Emerging contaminants (ECs) in Indian waters include pharmaceuticals, personal care products,
herbicides, plasticizers, metabolites, hormones, fungicides/insecticides, and cyanotoxins. Pharmaceuticals
are particularly prevalent, with some being endocrine disruptors like natural estrogens (estriol and 17-f-
dihydroequilin). Transformation products of human drugs, especially urinary metabolites, highlight
domestic wastewater as an important source. Plasticizers such as phthalates (e.g., DEHP) (di(2-ethylhexyl)
phthalate) and cyanotoxins (e.g., Microcystin-LR and Anatoxin-a) have also been detected, linked to
plastic waste and eutrophication, respectively. (Gani, K.M. & Kazmi, A.A., 2017.)

1.6 Microbiological and Chemical Hazards in India

India faces lead, mercury, cadmium), benzene, chromium, asbestos, and hazardous pesticides. Chronic
exposure leads to severe health issues, including neurological and cardiovascular diseases. Groundwater
arsenic contamination leads to long-term health risks for many people. Occupational chemical accidents
are frequent workplace chemical safety challenges, initially from exposure to heavy metals (common,
with many significant incidents reported. Workers are exposed through inhalation, skin contact, and
ingestion. In healthcare, chemical hazards from disinfectants and toxic drugs are frequent. Regulatory
gaps exist, explaining the need for a comprehensive chemical inventory to monitor and regulate hazardous
substances without any issues. (Kumar, D. S., Anup, G., Kulkarni, P., Shabadi, N. & Murthy, M. R. N.,
2019.)

1.7 Fisheries, Aquaculture, and Public Health Policy in India

The ultimate focus on fish health in aquaculture points at its significance for food safety and public health,
indicated by strong international collaboration and the integration of Indian research into global best
practices. The trend towards multi-authored, interdisciplinary studies supports a ‘One Health’ approach,
which encompasses human, animal, and environmental health. However, a gradual decline in average
citations for recent explanations suggests that new findings won’t have a significant impact, prompting
the importance for effective policy translation. Mapping these areas could guide policymakers in
prioritizing public health-critical areas, such as antimicrobial resistance and pathogen surveillance,
thereby informing regulatory frameworks for safer and more sustainable aquaculture practices. (Singh,
N., Datta, S.N. and Handa, T.S. (2019).

1.8 Issues Faced by Farmers in Aquaculture

Aquaculture faces some critical problems like weak governance and poor regulation. This opens a clear
door to both environmental damage and social inequality. Smallholders get left out of decision-making,
so they face difficulties accessing resources. When people overuse natural resources, it just makes the
ecological problems worse. Many farmers don’t have the right technology or know how, so their yields
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stay low. Markets aren’t easy to reach either, especially for small scale farmers, since safety standards are
tough to meet and exports demand more than they can often provide. On top of that, institutions lack the
capacity to support these farmers, and environmental limits don’t make things easier. It’s clear the sector
needs stronger backing and better training if it wants to move toward real sustainability and higher
productivity. (Subasinghe, R.P. (2002).

2.0 The Role of Sustainable Seafood and Aquaculture in Securing India‘s Nutritional Future and
Building a Resilient Food System

The role of sustainable seafood and aquaculture include the shifting in dietary patterns in India that
increase protein demand, emphasizing the need for diversification beyond staple grains, and the
importance of understanding supply elasticities for aquaculture. Climate change faces risks, but
sustainable aquaculture can be more resilient. Technological adoption and supportive policies are
important for growth, while value chains are essential to minimize losses. Sustainable aquaculture can
enhance nutrition and rural livelihoods, making it vital for India's food system. (Institute for Social and
Economic Alternatives. (2024).

Identifying gaps in sustainable practices and governance will further enhance aquaculture's effectiveness
in addressing food security challenges. This concludes by highlighting the benefits of aquaculture for
India's future from economic, nutritional, and climate resilience perspectives, promoting coordinated
policy efforts to ensure fair and sustainable growth in the aquaculture sector. (Gul, H., Sharma, N. & Ali,
M. (2024).

2.1 The Interconnected Dynamics of Seafood: Production, Supply, Demand, and the Indian Diet

The global seafood system includes commercial fisheries, maintained fisheries, and aquaculture, creating
externalities that impact food security and sustainability, especially in the Global South. Governance
challenges and poverty complicate resource allocation, leading to unfair outcomes in resource access
among user-groups. Cultural preferences further affect seafood demand and nutritional security.
International seafood trade can compromise local food security, highlighting the need for careful
management. In India, rising fish consumption calls for effective policies to ensure equitable access.
Sustainable growth should align export goals with domestic nutrition through co-management and
inclusive governance strategies to enhance market distribution. (Cojocaru, A.L., Liu, Y., Smith, M.D.,
Akpalu,(2022).

Seafood, including wild capture and aquaculture, is important to India’s food systems, with the fisheries
sector experiencing significant growth. As global production influences exports and imports, domestic
consumption struggles with supply chain issues and increasing demand. The COVID-19 pandemic
exposed vulnerabilities in this interconnected system. To meet the rising domestic needs, India must
diversify aquaculture, improve infrastructure, support local consumption, and enhance resilience, while
using consumption data to guide policy. (Bassett, H. R., Lau, J., Giordano, C., Suri, S. K., Advani, S.
(2021).

2.2 A Systems Approach to Optimizing Seafood Nutrition and Public Health in India
Integrated aquaculture in India is essential for food security, focusing on nutrient-rich fish for vulnerable

communities. It emphasizes ecological dynamics and integrated farming systems. Technologies like bio
floc enhance feed quality. Policies should combine fisheries with health and welfare, follow the
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government nutritional schemes, include nutritional metrics in markets, and promote women's
involvement in aquaculture. Resilience, sustainability, and research are essential to evaluate health
economics and impact. (de Roos, B., Roos, N., Mamun, A.-A., Ahmed, T., Sneddon, A. A., Murray, F.,
Grieve, E. & Little, D. C. (2019).

Portraying 165 health and 158 fishery policies worldwide reveals a disconnect between national health
and fishery policies. Integrating these sectors could improve nutrition in low- and middle-income areas.
Barriers like supply-chain issues hinder access to nutrient-rich fish for vulnerable populations. However,
some communities successfully provide affordable, underutilized fish species. Environmental assessments
indicate certain fish and shellfish might have a lower environmental impact than many plant-based foods.
This developed nutrition-sensitive fisheries policies, prioritised nutrient-rich species, and improved fish
micronutrient data for effective nutrition interventions. In India, aligning fisheries policy with nutrition
goals can help enhance nutrient intake, especially for small pelagic fish. (Koehn, J. Z. (2019).

MAP OF OUTCOMES RELATED TO FISH CONSUMPTION
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(Li, N., Wu, X., Zhuang, W. et al. (2020).

Seafood provides essential protein, omega-3 fatty acids, and micronutrients crucial for vulnerable groups,
but poses risks from toxins and pollutants. Future dietary needs a shift towards aquaculture, given limited
growth in wild capture fisheries. Environmental issues like greenhouse gas emissions demand improved
governance and innovative technologies in both sectors. Key strategies involve ecosystem-based
approaches, enhanced traceability, and innovative feed solutions. India must indulge seafood into nutrition
policies and scale sustainable aquaculture while reforming governance for better outcomes. (EAT Forum
(2025).

2.3 The Blue Economy's Tide: Economic Drivers and Environmental Risks in India's Seafood Food
System and Their Impact on Public Health

30 million livelihoods are provided by the Fisheries sector in India, primarily for small-scale coastal
communities. High-value products like shrimp are boosting exports, while aquaculture is rapidly growing,
especially inland. The government is investing in infrastructure improvements and enforcing new deep-
sea fishing regulations. However, challenges remain, including overfishing, illegal practices, and
pollution, worsened by climate change and inadequate infrastructure. Environmental risks lead to seafood
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contamination and public health concerns, such as antimicrobial resistance. Proposed solutions focus on
governance, sustainable practices, pollution control, monitoring, community empowerment, and public
health measures. (Juneja, M., De Souza, C., Giriyan, A. L. & Ganeshan, S. (2021).

The blue economy plays a delicate role for sustainable growth, focusing on ocean resources for economic
development and food production. India seeks to boost seafood exports and coastal livelihoods using
modern technology in fisheries. However, intensified fishing due to market demand risks harming
ecosystems. Although government policies hold up the blue economy's infrastructure, they often overlook
social justice issues, particularly affecting small-scale fishers. Environmental cases such as overfishing
and pollution compound these inequities, necessitating inclusive policies that ensure social equity and
protect both communities and ecosystems. (Das, J. (2023).

2.4 The Seafood-Public Health Nexus in India: A Food System Perspective

A transitioning from a narrow “production-only” view of freshwater fish in India to a comprehensive
“food fish system” incorporates provisioning and consumption aspects. It emphasizes the important role
of freshwater fish in local diets for public health, arguing against treating wild capture and aquaculture as
competitors. A focus on ecological sustainability, species diversity, and equitable access to fish is essential
to prevent risks like overfishing and environmental degradation. This distribution and consumption
recommend integrated policies that support diversified species and small-scale fishers, ensuring nutritious
fish supply across socio-economic strata while considering public health and sustainability holistically.
(Tezzo, X., Bush, S.R., Oosterveer, P.J.M., & Belton, B. (2021).

Balancing aquaculture productivity with risk highlights potential health and ecological hazards.
Coordinating regulations to local contexts, providing training for stakeholders on safe practices, and
regular contaminant testing are essential for improving food safety. Consumer education and transparent
labelling can encourage safer seafood choices. Gaps regarding seafood-borne illnesses, contaminant
exposure, and microplastic implications on health need addressing to enhance food safety and public
health in the seafood sector overall. (Cottrell, R. (2020).

2.5 External Influences: Seasonality, Sustainability, and Logistics Impacting Seafood Nutrition and
Public Health in India

Key factors that influence seafood nutrition and public health include seasonality, sustainability, and post-
harvest infrastructure. Fish nutritional quality fluctuates seasonally, impacting essential nutrients for
communities reliant on seafood. For example, lipid content varies during breeding seasons, affecting
dietary benefits. Thus, public health in India is challenged by this variability, especially for vulnerable
populations. Sustainability is compromised by climate change, habitat destruction, and overfishing,
threatening marine biodiversity and long-term food security. Effective fisheries management is obstructed
by poor regulatory practices. Additionally, inadequate cold-chain logistics result in significant post-
harvest losses, worsening the risk of foodborne illnesses, while impacting affordability and access for low-
income consumers. Addressing these factors requires integrated policies enhancing ecological
conservation, sustainable fisheries management, improved infrastructure, and community engagement.
Investment in regulations for seasonal fishing, cold-chain systems, and equitable access to seafood is
crucial for promoting nutritional security and protecting public health across India. (Pandey, P.K. &
Khatei, A., (2024).

However, inadequate logistics or disruptions can lead to quality loss and limit availability, affecting public
health if nutrient-rich fish are wasted or become costly. The system's transparency to supply shocks relies
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on sound logistics management. The continuous flow of affordable marine fish supports dietary needs,
enhancing food security, but disparities in logistics infrastructure may create obstacles to access and
deepen nutritional gaps for some communities. (Bharadwaj, S., Singh, M., Rao, K., Sathish, K., &
Subramanian, S. (2022).

Conclusion

Seafood has a strategic role in public health, serving as both a nutritional powerhouse and a prime source
of protein worldwide. It is rich in essential nutrients, seafood supports ‘neurodevelopment’ of vulnerable
populations while contributing to disease prevention. Regular consumption reduces the risks of
cardiovascular disease and cognitive decline. Future demand for seafood has been projected to increase;
therefore, sustainable expansion of aquaculture is essential to meet nutritional needs with conservation of
marine resources. Policymakers in India should emphasize enhancing aquaculture practices, reducing
waste, enhancing supply chains, and ensuring seafood safety. Dietary guidelines must include seafood for
addressing malnutrition while taking proper environmental concerns and public health needs into
consideration. (EAT-Lancet Commission (2019).

Seafood is highly perishable due to the high levels of water and nutrients that allow the multiplication of
many microorganisms, thereby facing health risks when hygienic practices are poor. Contaminations can
occur in aquaculture, processing, and distribution and may lead to serious diseases related to Vibrio,
Salmonella, and Listeria. Effective food safety measures and education need to be implemented due to
concerns with contamination issues affecting both public health and the economic viability of seafood.
(Ayyappan, M.V. & Joseph, T.C. (2021). MAFs (Ministry of Agriculture and Fisheries) facilitate
collaboration among diverse stakeholders to address challenges facing the blue economy, prioritize
sectors, and promote innovation in strategic areas. They emphasize systemic integration across sectors,
aligning local initiatives with regional frameworks like the Common Maritime Agenda. This includes
work on governance reforms, in particular within Fisheries and Aquaculture, addressing inter-sectoral
challenges through collaboration and aiming at sustainability as set out in the United Nations Sustainable
Development Goals to be achieved by 2050. Aquaculture is vital for urban food systems, particularly in
Chennai, where it complements marine capture fisheries and enhances food security. The wholesale
market’s availability and affordability of fish, especially for low-income households, demonstrate its
significance. However, challenges like quality issues, accessibility gaps, and seasonal supply variability
persist. To maximize aquaculture's potential, investments in infrastructure and market linkages are
essential. By addressing these issues, aquaculture can improve food security, support livelihoods, and
enhance resilience in urban areas.

(Akinsete, E., Guittard, A., Koundouri, P. and Papadaki, L. (2025).
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