NUTRITIONAL SIGNIFICANCE OF FISH IN COMBATING
MALNUTRITION

ABSTRACT

The nutritional importance of fish in the context of combating malnutrition holds significant
potential as a strategic avenue for addressing global health issues. Malnutrition, characterized by
deficiencies in vital nutrients, remains a critical concern affecting diverse populations. Fish is a
nutrient-dense food source and investigates its potential contributions to alleviating malnutrition.
Wild-caught and aquaculture-derived fish are rich sources of essential nutrients crucial for
human health. Abundant in high-quality proteins, fish provides ample amino acids necessary for
growth, immune function, and cellular repair. Moreover, fish is renowned for its content of
omega-3 fatty acids, along with eicosapentaenoic acid (EPA) also docosahexaenoic acid (DHA),
which confer cardiovascular advantages, neurological development, and anti-inflammatory
properties. The importance of fish’s micronutrients, such as vitamins D and B, iodine,
selenium, and zinc. These micronutrients play integral roles in maintaining bone health,
supporting cognitive functions, regulating thyroid activity, and enhancing immune responses.
Notably, the bioavailability of these nutrients from fish exceeds that of many plant-based
sources, highlighting its potential to address nutrient deficiencies effectively. The versatility of
fish consumption across cultural diets and its potential to bridge nutritional gaps for vulnerable
populations, particularly in regions with limited access to diverse nutrient sources. As
malnutrition is influenced by various socio-economic, cultural, and environmental factors,
adopting a holistic approach incorporating fish’s nutritional attributes could significantly address
this challenge.This study aims to highlight the potential of fish as a strategic path for addressing

global health issues.
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Introduction

Malnutrition continues to be a prevailing worldwide health issue that impacts diverse socio-

economic groups, significantly impacting personal health and societal progress. This



encompasses a range of nutritional insufficiencies, encompassing disparities in both
macronutrient and micronutrient levels, resulting in detrimental health consequences (Amir et al.,
2022).Fisheries play acrucial role in addressing malnutrition, as they provide a source of high-
quality protein and vital micronutrients (Pradeepkiran et al., 2019).The primary emphasis in
addressing malnutrition has largely centered on staple foods and dietary variation. Nevertheless,
further investigation into the potential of fish, a nutrient-rich reservoir of vital nutrients, is
merited for its role in mitigating malnutrition (Gomez and Ricketts, 2013). The capacity of
nutrients from fish to alleviate malnutrition and enhance public health is considerable.
Malnutrition, distinguished by insufficient consumption or uneven assimilation of nutrients,
persists as a significant worldwide issue. Approximately 2 billion individuals are believed to
experience micronutrient insufficiencies, severely impacting health, advancement, and efficiency
(Burchi et al., 2011). Malnutrition, often observed as stunting, wasting, and underweight,
predominantly affects children and expectant mothers in economies with lower to middle
incomes. Concurrently, the increasing prevalence of overweight and obesity exacerbates

malnutrition, leading to a double burden(Popkin et al., 2020).

Fish, including finfish and shellfish, occupy a distinct and remarkable role within the spectrum of
food resources owing to their abundant array of vital nutrients (Gephart et al., 2020). It is an
outstanding reservoir of protein, bioaccessible micronutrients, and beneficial fats, thus holding
promise as a nutritional remedy for addressing malnutrition. Fish protein is characterized by its
completeness, encompassing all indispensable amino acids. Furthermore, it demonstrated
enhanced digestibility and absorption rates compared to protein from plant sources (Ewy et al.,
2022). For example, soy protein is a plant source of protein that is less digestible and absorbed

less efficiently (Huisman and Tolman, 1992).

Moreover, fish is complete with long-chain polyunsaturated fatty acids (LC-PUFAS) such as
omega-3 fatty acids, eicosapentaenoic acid (EPA)along with docosahexaenoic acid (DHA),
which have been associated with cognitive development, cardiovascular health and immune
modulation (Lorente et al., 2015). Some examples of the best sources of marine omega-3s
comprise salmon, mackerel, tuna, herring and sardines (Atasie et al., 2022). These fish are all
rich in EPA and DHA, which can provide a number of health benefits, including reducing the

risk of heart disease, stroke, anti-inflammatory benefits and Alzheimerdisease. Regular fish



consumption has been linked to enhanced vitamin D levels, especially in areas with reduced
sunlight exposure. Furthermore, fish is a significant provider of bioavailable minerals like iodine,
selenium, and zinc. These minerals are crucial for thyroid activity, antioxidant protection, and
immune modulation (Sharma et al., 2011; Sutherland et al., 2021). It is very important to know
that malnutrition is a complicated issue with a number of source causes, such as poverty, a lack
of access to healthcare and education and other variables. In order to overcome malnutrition, we

need to follow several strategies to add the nutritional benefits of fish to the diet.

The primary objective of this review is to emphasize the persistent issue of malnutrition, marked
by deficiencies in essential nutrients, which continues to pose a significant challenge to various
demographic clusters. Subsequently, the review examines the nutritional merits of fish,
emphasizing its rich content of high-quality proteins, omega-3 fatty acids and essential
micronutrients. Furthermore, it highlights the versatility of fish consumption and its capacity to

serve as a viable means of addressing nutritional deficiencies within vulnerable populations.
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Fig. 01 Illustrating the global provision of animal protein, the map delineates the role of seafood

in the supply chain (Troell et al., 2019).

The impact on seafood production climate change is anticipated to influence target species
within capture fisheries significantly. The variations in oxygen levels, temperature, acidification
and the presence of toxic pollutants in aquatic environments (Ficke et al., 2007; Cheung et al.,
2009). Climate change is poised to exert effects at the individual species level and on the
intricate interplay between species and their habitats, thereby instigating shifts in geographical
species composition. Furthermore, these changes will result in shifts in productivity and the
resilience of ecosystems in both spatial and temporal dimensions, such as earlier spring blooms
(Poloczanska et al., 2014; Troell et al., 2019).

A comprehensive modeling exercise that assessed the global capture potential of 1,066
commercially exploited marine fish and invertebrate species under various climate change
scenarios revealed that climate change could lead to a substantial redistribution of overall catch
potential. This redistribution implies that high-latitude regions could experience an average
increase in catch potential ranging from 30% to 70%, while tropical areas are likely to witness
decreased catches of up to 40%. This shift corresponds to a reduced catch potential in regions

that currently rely heavily on marine protein resources (Fig 1).

Nutritional status of fish

The nutritional composition of fish is essential for addressing global hunger and malnutrition,
particularly among rural populations in developing countries (FAO, 2018). Fish commodity is
also increasingly assuming a significant role in promoting healthful diet in developing nations.
Across its diverse species, fish inherently symbolizes a substantial protein content alongside
varying proportions of fats and micronutrients (Fig 1). Fatty and moderately fatty fish, in
particular, represent primary dietary sources of omega-3 fatty acids, presenting a distinct fatty
acid profile compared to terrestrial food sources. Nevertheless, the concentrations of
polyunsaturated fatty acids (PUFAS), such as eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA), exhibit disparities among different fish species (HLPE, 2014; Fig 2). PUFAs cannot
be produced by humans; they are called essential fatty acids. They need to be added to the diet to
fulfill the requirements for better growth and development(Mahan and Stump, 2000).Lean fish,



such as cod, haddock and pike, contain relatively lower levels of these compounds compared to
moderately fatty fish like halibut, catfish and tuna, as well as fatty fish such as herring, mackerel,

trout, salmon, and eel (WHO, 2011).

" Arrhythmia/Cardio
‘i““‘. Protective Effects

Regulation of
Triglycerides/Cholesterol

Maintaining Healthy
Blood Pressure

- < b
Health Benefits y :
Prevention of
of PUFAs Dementia/Alzheimer’s
in Elderly
/'u ~
= Prevention of Idiopathic
"j/ Oligoasthenoteratozoospermia

Brain and Visual
Development in Infants

Fig. 02 General PUFAs health benefits (Ashraf et al., 2020)

The commendable nutritional profile of fishexcelsin its protein and healthy fat content and
extends to an array of essential micronutrients. Notably, fish is particularly abundant in iodine,
selenium, calcium, iron, zinc, vitamin D, A and B12 (Fig 3).However, the nutrient composition



varies among distinct fish species and even within the same species, nutritional quality fluctuates

depending on factors such as environment and seasons (Bennett et al., 2018).
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Fig 03 Illustrating benefits of fish in human nutrition (Troell et al., 2019).
Addressing Malnutrition Through Fish Nutrition

Malnutrition, a considerable worldwide health concern, can be proficiently tackled by including
fish in dietary regimens. Fish, being a nutrient-rich dietary option, offers indispensable proteins,
vitamins, minerals, and omega-3 fatty acids. These components are pivotal for fostering optimal
growth, cognitive maturation and fortifying the immune system in children (Kwasek et al., 2020;
Ghosh et al., 2022).The fish should be added tothe diet in a cooked state to ensure nutrient
retention for undernourished children. It has the potential to alleviate protein and nutrient
insufficiencies, leading to enhanced weight gain and improved holistic health (Kawarazuka et al.,
2010). The Odisha state government launched a pilot program to introduce fish and fish-based
products into the Supplementary Nutrition Programme (SNP) in Anganwadi centers for children,
nursing, pregnant women, and adolescent girls to reduce malnutrition among vulnerable

populations (Chadag, 2022). Moreover, the exceptional digestibility of fish protein renders it



well-suited for the delicate digestive systems of children. Omega-3 fatty acids, notably DHA and
EPA, are linked to improved cognitive performance and visual aspects of considerable

significance in the initial stages of childhood (Castejon et al., 2020; Djuricic et al., 2021).

Pregnant and lactating mothers necessitate augmented nutrient consumption to facilitate the
growth and maturation of their children (Fig 4)(Marshall et al., 2022). Fish like mackerel,
salmon,and sardines are rich sources of vital nutrients such as docosahexaenoic acid (DHA),
contributing to the advancement of fetal brain and visual growth (Gow et al., 2014).
Furthermore, the fish protein facilitates tissue regeneration and augmentation, catering to the

escalated demands of gestation and lactation (Ashraf et al., 2020).

Adding fish to dietary patterns can have a profound impact in areas with high malnutrition rates.
The inclusion of fish in diets has the potential to mitigate undernutrition by supplying essential
nutrients that are frequently deficient. This, in turn, can contribute to enhanced maternal well-
being and improved birthing results. Nevertheless, ensuring the safety of fish consumption is
crucial due to the potential presence of detrimental levels of mercury and pollutants in certain
fish species. To overcome this, avoid eating banned species, which are typically cultured or
harvested from wastewater and have a high chances of accumulating heavy metals in their

bodies, such as the African catfish, Clarias gariepinus (Ibrahim and Omar, 2013).
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Fig 04. Potential contribution (%) of dry fishes to the recommended nutrient intake (RNI) of

protein for children and pregnant and lactating women (Banna et al., 2022).
Nutritional Security and Sustainability

Acknowledging the nutritional potential of fish in mitigating malnutrition necessitates a
comprehensive assessment of the wider ramifications associated with heightened fish
consumption. The imperative lies in upholding sustainable fishing methodologies and effective
aquaculture administration to guarantee the enduring accessibility of fish as a vital nutritional
source (Tacon et al., 2009; Colombo et al., 2022). The depletion of fish populations, vanishing of
habitats and pollution of the environment constitute challenges to the availability of fish and,
consequently, to nutritional stability. Hence, a comprehensive strategy integrating sensible
fisheries management and aquaculture methodologies is vital to attain nutritional objectives
while conserving aquatic ecosystems effectively(Delesalle, 2011; Verma et al., 2020; Alava et
al., 2023).
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Challenges and Considerations

The consumption of fish provides significant nutritional advantages; the American Heart
Association (2020), Strategic Impact Goals identified consumption of at least two 3.5-ounce



servings per week of fish, preferably oily fish, as one of five key dietary metrics that characterize
ideal cardiovascular health (Jones et al., 2010; Mozaffarian and Wu, 2011). Also,it is crucial to
recognize obstacles such as overfishing, environmental pollutants and problems related to
accessibility. Ensuring the enduring availability of fish as a nutritional need the implementation
of sustainable fishing methodologies and robust regulatory measures (Cooke et al., 2018; Garcia
et al., 2022).Furthermore, it is imperative to undertake activities to enhance the affordability and
availability of fish for marginalized populations. These initiatives are crucial in optimizing its
effectiveness in addressing malnutrition (Muringai et al., 2021).Cultural inclinations and eating
patterns exert notable influence. In areas where fish consumption lacks occurrence, advocating
for its integration into diets mandates informative initiatives elucidating its nutritional
advantages. Furthermore, the imperative to meticulously select and oversee sources arises due to
potential heavy metal and pollutant infiltration in fish, notably prominent in specific larger
species.The fish consumption per capita is lowest in Africa (9.08), which is the least-developed

countries in the world and Asia is considered as the highest (25.1) fish consumption ( Fig 5).
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Fig. 05 World per capita fish consumption (2019) (Ashraf et al., 2020)



Conclusion

In summary, fishis valuable in tackling malnutrition due to its nutrient-dense constitution and
concomitant physiological advantages. Investigating the inclusion of fish in dietary interventions
and policy frameworks presents a propitious pathway for addressing worldwide malnutrition.
Nevertheless, embracing a comprehensive methodology that incorporates principles of
sustainability, attainability, and impartial dispensation is imperative to fully exploit the
nutritional import of fish in enhancing collective well-being. Additional research is indispensable
to elucidate the most advantageous amalgamation of piscine-cantered interventions into intricate

programs designed to curtail malnutrition from various angles.
References

Alava, J.J., McMullen, K., Jones, J., Barragan- Paladines, M.J., Hobbs, C., Tirape, A., Calle, P.,
Alarcon, D., Mufioz- Pérez, J.P., Mufioz- Abril, L. and Townsend, K.A., 2023. Multiple
anthropogenic stressors in the Galdpagos Islands’ complex social-ecological system:
Interactions of marine pollution, fishing pressure, and climate change with management
recommendations. Integrated Environmental Assessment and Management, 19(4),
pp.870-895.https://doi.org/10.1002/ieam.4661.

Amir-ud-Din, R., Fawad, S., Naz, L., Zafar, S., Kumar, R. and Pongpanich, S., 2022. Nutritional
inequalities among under-five children: a geospatial analysis of hotspots and cold spots in
73 low-and middle-income countries. International Journal for Equity in Health, 21(1),
p.135.https://doi.org/10.1186/s12939-022-01733-1.

Ashraf, S.A., Adnan, M., Patel, M., Siddiqui, A.J., Sachidanandan, M., Snoussi, M. and Hadi, S.,
2020. Fish-based bioactives as potent nutraceuticals: Exploring the therapeutic
perspective of sustainable food from the sea. Marine drugs, 18(5),
p.265.https://doi.org/10.3390/md18050265.

Ashraf, S.A., Adnan, M., Patel, M., Siddiqui, A.J., Sachidanandan, M., Snoussi, M. and Hadi, S.,
2020. Fish-based bioactives as potent nutraceuticals: Exploring the therapeutic
perspective  of  sustainable  food from the sea. Marine  drugs, 18(5),
p.265.https://doi.org/10.3390/md18050265.



https://doi.org/10.1002/ieam.4661
https://doi.org/10.1186/s12939-022-01733-1
https://doi.org/10.3390/md18050265
https://doi.org/10.3390/md18050265

Atasie, N.H., Abolarin, P.O., Orjiakor, V.D., Njoku, L.K. and Njoku, A.C., 2022. OMEGA 3
FATS IN MIDLIFE BRAIN FUNCTION IMPROVEMENT. Journal of Pharmaceutical
& Allied Sciences, 19(3).

Banna, M.H.A., Al Zaber, A., Rahman, N., Siddique, M.A.M., Siddique, M.A.B., Hagan Jr, J.E.,
Rifat, M.A., Nsiah-Asamoah, C.N.A., Seidu, A.A., Ahinkorah, B.O. and Khan, M.S.1.,
2022. Nutritional value of dry fish in Bangladesh and its potential contribution to
addressing malnutrition: a narrative review. Fishes, 7(5),
p.240.https://doi.org/10.3390/fishes7050240.

Bennett, A., Patil, P., Kleisner, K., Rader, D., Virdin, J. and Basurto, X., 2018. Contribufion of

fisheries to food and nutrifion security: Current knowledge, policy, and research.

Burchi, F., Fanzo, J. and Frison, E., 2011. The role of food and nutrition system approaches in
tackling hidden hunger. International journal of environmental research and public
health, 8(2), pp.358-373.https://doi.org/10.3390/ijerph8020358.

Castejon, N. and Sefiorans, F.J., 2020. Enzymatic modification to produce health-promoting
lipids from fish oil, algae and other new omega-3 sources: A review. New
biotechnology, 57, pp.45-54.https://doi.org/10.1016/j.nbt.2020.02.006.

Chadag, V.M., 2022. Inclusion of dried small fish in the ICDS Supplementary Nutrition
Programme Pilot Study in Odisha, India.

Cheung, W.W., Lam, V.W., Sarmiento, J.L., Kearney, K., Watson, R. and Pauly, D., 2009.
Projecting global marine biodiversity impacts under climate change scenarios. Fish and
fisheries, 10(3), pp.235-251.https://doi.org/10.1111/j.1467-2979.2008.00315.x.

Colombo, S.M., Roy, K., Mraz, J., Wan, A.H., Davies, S.J., Tibbetts, S.M., @verland, M.,
Francis, D.S., Rocker, M.M., Gasco, L. and Spencer, E., 2022. Towards achieving
circularity and sustainability in feeds for farmed blue foods. Reviews in Aquaculture.

Cooke, S.J., Twardek, W.M., Lennox, R.J., Zolderdo, A.J., Bower, S.D., Gutowsky, L.F.,
Danylchuk, A.J., Arlinghaus, R. and Beard, D., 2018. The nexus of fun and nutrition:


https://doi.org/10.3390/fishes7050240
https://doi.org/10.3390/ijerph8020358
https://doi.org/10.1016/j.nbt.2020.02.006
https://doi.org/10.1111/j.1467-2979.2008.00315.x

Recreational fishing is also about food. Fish and fisheries, 19(2), pp.201-
224 https://doi.org/10.1111/faf.12246.

Djuricic, I. and 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),
p.2421.https://doi.org/10.3390/nul3072421.

Ewy, M\W., Patel, A., Abdelmagid, M.G., Mohamed Elfadil, O., Bonnes, S.L., Salonen, B.R.,
Hurt, R.T. and Mundi, M.S., 2022. Plant-based diet: is it as good as an animal-based diet
when it comes to protein?. Current  nutrition  reports, 11(2), pp.337-
346.https://doi.org/10.1007/s13668-022-00401-8.

FAO, E., 2018. Meeting the sustainable development goals. The State of World Fisheries and
Aquaculture 2018.https://doi.org/10.18356/8d6ea4b6-en.

Ficke, A.D., Myrick, C.A. and Hansen, L.J., 2007. Potential impacts of global climate change on
freshwater fisheries. Reviews in Fish Biology and Fisheries, 17, pp.581-
613.https://doi.org/10.1007/s11160-007-9059-5.

Garcia-Oliveira, P., Fraga-Corral, M., Pereira, A.G., Prieto, M.A. and Simal-Gandara, J., 2022.
Solutions for the sustainability of the food production and consumption system. Critical
Reviews in Food Science and Nutrition, 62(7), pp.1765-
1781.https://doi.org/10.1080/10408398.2020.1847028.

Gephart, J.A., Golden, C.D., Asche, F., Belton, B., Brugere, C., Froehlich, H.E., Fry, J.P.,
Halpern, B.S., Hicks, C.C., Jones, R.C. and Klinger, D.H., 2020. Scenarios for global
aquaculture and its role in human nutrition. Reviews in Fisheries Science &
Aquaculture, 29(1), pp.122-138.https://doi.org/10.1080/23308249.2020.1782342.

Ghosh, S., Sarkar, T., Pati, S., Kari, Z.A., Edinur, H.A. and Chakraborty, R., 2022. Novel
bioactive compounds from marine sources as a tool for functional food
development. Frontiers in Marine Science, 9,
p.832957.https://doi.org/10.3389/fmars.2022.832957.



https://doi.org/10.1111/faf.12246
https://doi.org/10.3390/nu13072421
https://doi.org/10.1007/s13668-022-00401-8
https://doi.org/10.18356/8d6ea4b6-en
https://doi.org/10.1007/s11160-007-9059-5
https://doi.org/10.1080/10408398.2020.1847028
https://doi.org/10.1080/23308249.2020.1782342
https://doi.org/10.3389/fmars.2022.832957

Gomez, M.Il. and Ricketts, K.D., 2013. Food value chain transformations in developing
countries: Selected hypotheses on nutritional implications. Food Policy, 42, pp.139-
150.https://doi.org/10.1016/j.foodpol.2013.06.010.

Gow, R.V. and Hibbeln, J.R., 2014. Omega-3 fatty acid and nutrient deficits in adverse
neurodevelopment and childhood behaviors. Child and Adolescent Psychiatric
Clinics, 23(3), pp.555-590.https://doi.org/10.1016/j.chc.2014.02.002.

Huisman, J. and Tolman, G.H., 1992. Antinutritional factors in the plant proteins of diets for
non-ruminants.  Recent advances in animal nutrition, 68(1), pp.101-
110.https://doi.org/10.1016/b978-0-7506-0714-8.50005-9.

Ibrahim, A.A. and Omar, H.M., 2013. Seasonal variation of heavy metals accumulation in
muscles of the African Catfish Clarias gariepinus and in River Nile water and sediments
at Assiut Governorate, Egypt. J Biol Earth Sci, 3(2), pp. B236-B248.

Kawarazuka, N. and Béné, C., 2010. Linking small-scale fisheries and aquaculture to household
nutritional security: an overview. Food Security, 2(4), pp.343-
357.https://doi.org/10.1007/s12571-010-0079-y.

Kwasek, K., Thorne-Lyman, A.L. and Phillips, M., 2020. Can human nutrition be improved
through better fish feeding practices? a review paper. Critical reviews in food science and
nutrition, 60(22), pp.3822-3835.https://doi.org/10.1080/10408398.2019.1681357.

Lloyd-Jones, D.M., Hong, Y., Labarthe, D., Mozaffarian, D., Appel, L.J., Van Horn, L.,
Greenlund, K., Daniels, S., Nichol, G., Tomaselli, G.F. and Arnett, D.K., 2010. Defining
and setting national goals for cardiovascular health promotion and disease reduction: the
American Heart Association’s strategic Impact Goal through 2020 and beyond.
Circulation, 121(4), pp.586-613.https://doi.org/10.1161/circulationaha.109.192703.

Lorente-Cebrian, S., Costa, A.G., Navas-Carretero, S., Zabala, M., Laiglesia, L.M., Martinez,
J.A. and Moreno-Aliaga, M.J., 2015. An update on the role of omega-3 fatty acids on
inflammatory and degenerative diseases. Journal of physiology and biochemistry, 71,
pp.341-349.https://doi.org/10.1007/s13105-015-0395-y.



https://doi.org/10.1016/j.foodpol.2013.06.010
https://doi.org/10.1016/j.chc.2014.02.002
https://doi.org/10.1016/b978-0-7506-0714-8.50005-9
https://doi.org/10.1007/s12571-010-0079-y
https://doi.org/10.1080/10408398.2019.1681357
https://doi.org/10.1161/circulationaha.109.192703
https://doi.org/10.1007/s13105-015-0395-y

Mahan, L.K. and Escott-Stump, S., 2000. Medical nutrition therapy for anemia: Krause’s food,
nutrition, and diet therapy. Philadelphia: WB Saunders, 10,
p.781.https://doi.org/10.1054/clnu.2000.0105.

Marshall, N.E., Abrams, B., Barbour, L.A., Catalano, P., Christian, P., Friedman, J.E., Hay Jr,
W.W., Hernandez, T.L., Krebs, N.F., Oken, E. and Purnell, J.Q., 2022. The importance of
nutrition in pregnancy and lactation: lifelong consequences. American journal of
obstetrics and gynecology, 226(5), pp.607-
632.https://doi.org/10.1016/].aj09.2021.12.035.

Mozaffarian, D. and Wu, J.H., 2011. Omega-3 fatty acids and cardiovascular disease: effects on
risk factors, molecular pathways, and clinical events. Journal of the American College of
Cardiology, 58(20), pp.2047-2067.https://doi.org/10.1016/j.jacc.2011.06.063.

Muringai, R.T., Mafongoya, P., Lottering, R.T., Mugandani, R. and Naidoo, D., 2021.
Unlocking the potential of fish to improve food and nutrition security in Sub-Saharan
Africa. Sustainability, 14(1), p.318.https://doi.org/10.3390/su14010318.

Nutrition, H.L.P.O.E.H.O.F.S.A., 2014. Sustainable fisheries and aquaculture for food security
and nutrition. A report by the High Level Panel of Experts on Food Security and

Nutrition.

Poloczanska, E., Hoegh-Guldberg, O., Cheung, W., Pdértner, H.O. and Burrows, M.T., 2014.
Observed global responses of marine biogeography, abundance, and phenology to climate
change in, CB Field et al., Eds.

Popkin, B.M., Corvalan, C. and Grummer-Strawn, L.M., 2020. Dynamics of the double burden
of malnutrition and the changing nutrition reality. The Lancet, 395(10217), pp.65-
74.https://doi.org/10.1016/s0140-6736(19)32497-3.

Pradeepkiran, J.A., 2019. Aquaculture role in global food security with nutritional value: a
review. Translational Animal Science, 3(2), pp.903-
910.https://doi.org/10.1093/tas/txz012.



https://doi.org/10.1054/clnu.2000.0105
https://doi.org/10.1016/j.ajog.2021.12.035
https://doi.org/10.1016/j.jacc.2011.06.063
https://doi.org/10.3390/su14010318
https://doi.org/10.1016/s0140-6736(19)32497-3
https://doi.org/10.1093/tas/txz012

Sharma, S., Barr, A.B., Macdonald, H.M., Sheehy, T., Novotny, R. and Corriveau, A., 2011.
Vitamin D deficiency and disease risk among aboriginal Arctic populations. Nutrition
reviews, 69(8), pp.468-478.https://doi.org/10.1111/].1753-4887.2011.00406.x.

Sutherland, J.P., Zhou, A., Leach, M.J. and Hypp0nen, E., 2021. Differences and determinants of
vitamin D deficiency among UK biobank participants: A cross-ethnic and socio-
economic study. Clinical nutrition, 40(5), pp.3436-
3447 .https://doi.org/10.1016/j.cInu.2020.11.019.

Tacon, A.G., Metian, M., Turchini, G.M. and De Silva, S.S., 2009. Responsible aquaculture and
trophic level implications to global fish supply. Reviews in fisheries science, 18(1),
pp.94-105.https://doi.org/10.1080/10641260903325680.

Troell, M., Jonell, M. and Crona, B., 2019. The role of seafood in sustainable and healthy diets.
The EAT-Lancet Commission report Through a Blue Lens. Stockholm: The Beijer
Institute.https://doi.org/10.3389/fmars.2017.00361.

Troell, M., Jonell, M. and Crona, B., 2019. The role of seafood in sustainable and healthy
diets. The EAT-Lancet Commission report Through a Blue Lens. Stockholm: The Beijer
Institute.https://doi.org/10.3390/su8090884.

Verma, A.K., Rout, P.R., Lee, E., Bhunia, P., Bae, J., Surampalli, R.Y., Zhang, T.C., Tyagi,
R.D., Lin, P. and Chen, Y., 2020. Biodiversity and sustainability. Sustainability:
Fundamentals and Applications, pp.255-
275.https://doi.org/10.1002/9781119434016.ch12.

World Health Organization, 2011. Report of the joint FAO/WHO expert consultation on the
risks and benefits of fish consumption, 25-29 January 2010, Rome, Italy (No. FIPM/R978
(En)). World health organization.


https://doi.org/10.1111/j.1753-4887.2011.00406.x
https://doi.org/10.1016/j.clnu.2020.11.019
https://doi.org/10.1080/10641260903325680
https://doi.org/10.3389/fmars.2017.00361
https://doi.org/10.3390/su8090884
https://doi.org/10.1002/9781119434016.ch12

