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Advanced Nutrigenomics in Aquaculture: From Epigenetics to Artificial Intelligence for
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Abstract

Aquaculture plays a vital role in global protein supply but faces challenges in optimizing feed costs,
ensuring sustainability, and managing fish health. Nutrigenomics, the study of nutrient-genome
interactions, provides powerful tools for understanding the molecular responses of fish to different
diets. This review examines recent advances in aquaculture nutrigenomics, with a particular focus
on two emerging and impactful fields: Epigenetics and Artificial Intelligence (Al). We discuss how
nutritional interventions can influence epigenetic patterns (such as DNA methylation and histone
modifications), thereby programming desirable phenotypes in fish, including growth, feed
efficiency, and immune response. Furthermore, we explore the increasing role of Al and Machine
Learning (ML) in analyzing complex nutrigenomic (‘omics') data to identify biomarkers, predict
dietary responses, and develop precise, personalized nutritional strategies aimed at optimizing fish
health and performance at scale. The integration of these advanced approaches holds great promise
for revolutionizing nutrition and health management in sustainable and efficient aquaculture.
Keywords: Nutrigenomics, Aquaculture, Epigenetics, Artificial Intelligence, Fish Nutrition,
Omics.
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