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DESCRIPTION
Aquaculture nutrition research has undergone rapid
development in recent years as global demand for aquatic food
products continues to rise and traditional fishmeal resources
face increasing constraints. Nutrition plays a central role in
determining growth performance, health status, feed efficiency,
and environmental outcomes in farmed aquatic species.
Advances in nutritional science are therefore shaping the
sustainability and productivity of aquaculture systems worldwide.
Modern research has moved beyond basic protein and energy
requirements to explore ingredient innovation, digestive
physiology, metabolic regulation, gut health, immune function,
and environmental interactions.

One of the most significant areas of progress in aquaculture
nutrition has been the diversification of feed ingredients.
Conventional feeds have relied heavily on fishmeal and fish oil
derived from wild fisheries. Recent research has focused on
reducing dependence on these resources through the use of
alternative protein and lipid sources. Plant-based ingredients
such as soybean meal, rapeseed meal, pea protein, and wheat
gluten have been widely evaluated. Improvements in processing
techniques have enhanced digestibility and reduced
antinutritional factors, allowing higher inclusion levels without
compromising growth or health. Enzyme supplementation has
further improved nutrient availability by enhancing carbohydrate
and fiber digestion.

Novel protein sources have also gained attention, including
insect meals, microbial biomass, and single-cell proteins
produced from yeast, bacteria, or algae. These ingredients offer
favorable amino acid profiles and can be produced using
agricultural byproducts or waste streams, contributing to circular
bioeconomy approaches. Research has demonstrated that partial
replacement of fishmeal with these alternatives can maintain
growth performance while reducing pressure on marine
resources. Ongoing studies continue to refine inclusion levels
and processing methods to optimize palatability and nutrient
utilization.

Gut health has become a major focus area in nutrition research.
The intestinal environment plays a key role in digestion, nutrient
uptake, and immune defense. Advances in sequencing
technologies have enabled detailed characterization of gut
microbial communities and their response to dietary changes.
Research indicates that balanced microbial populations support
improved growth and feed utilization, while dysbiosis can impair
performance and increase disease susceptibility. Nutritional
strategies aimed at maintaining microbial balance are now
integrated into feed development.

Micronutrient research has also progressed, emphasizing the
importance of vitamins, minerals, and trace elements in
supporting physiological functions. Deficiencies or imbalances
can impair growth, reproduction, and immune competence.
Improved understanding of bioavailability and interactions
among micronutrients has led to more effective supplementation
strategies. Encapsulation technologies and chelated mineral
forms enhance stability and absorption, reducing losses and
environmental discharge.

Environmental sustainability has become a guiding principle in
aquaculture nutrition research. Feed production accounts for a
substantial portion of the environmental footprint of
aquaculture systems. Life cycle assessment tools are increasingly
used to evaluate the environmental impact of different feed
formulations. Research focuses on reducing greenhouse gas
emissions, nutrient waste, and resource use while maintaining
productivity. Improved feed conversion ratios directly reduce
nutrient release into aquatic environments, supporting water
quality management.

Precision feeding technologies complement nutritional advances
by aligning feed delivery with animal demand. Automated
feeding systems, sensors, and data analytics enable real-time
adjustment of feeding rates based on behavior, biomass, and
environmental conditions. These technologies reduce feed
wastage and improve growth uniformity. Integration of
nutritional models with precision feeding supports more
efficient resource use and enhances production predictability.
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highlighting the role of diet in overall health management.
Preventive nutrition strategies contribute to stable production
and improved animal welfare.

In conclusion, recent advances in aquaculture nutrition research
reflect a comprehensive approach that integrates biology,
technology, and sustainability. Ingredient diversification,
functional feed development, gut health research, precision
feeding, and environmental assessment have reshaped modern
feed formulation. These developments support improved growth
performance, health management, and resource efficiency across
aquaculture systems. Continued innovation and collaboration
will further refine nutritional strategies, supporting responsible
expansion of aquaculture to meet global food needs while
maintaining environmental integrity monitoring, incorporating
climate information into assessment and decision-making, and
fostering regional cooperation are key steps toward sustaining
demersal fisheries in a rapidly changing Mediterranean
environment. By embracing flexible and forward-looking
management frameworks, stakeholders can better navigate
uncertainty and support the long-term viability of both marine
ecosystems and the communities that depend on them.
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Climate variability has influenced nutrition research priorities, as 
changing temperature and water conditions affect metabolism 
and feed intake. Studies examining thermal effects on nutrient 
requirements help producers adapt feeding strategies under 
variable conditions. Diets formulated to support stress tolerance 
and metabolic flexibility contribute to stable performance in 
changing environments. Such research supports long-term 
planning in diverse aquaculture regions. Nutrition research has 
also expanded to include species diversification. As aquaculture 
moves beyond a limited number of high-value species, 
nutritional requirements for emerging species are being defined. 
This includes freshwater and marine finfish, crustaceans, 
mollusks, and seaweeds. Establishing baseline nutritional data 
supports domestication efforts and commercial scalability. 
Comparative nutrition studies help identify shared principles 
while accounting for species-specific adaptations.

Health-oriented nutrition has gained importance in response to 
disease challenges in intensive systems. Diets enriched with 
bioactive compounds support immune readiness and reduce 
stress-related susceptibility. Research continues to explore the 
interaction between nutrition and vaccination outcomes,
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