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DESCRIPTION
A   prominent   area   of   focus   in   aquaculture   science    and
innovation   is   the  advancement  of   feed  design  for  cultured
aquatic species. With the growing need for sustainable and cost-
effective nutrition, researchers have increasingly moved beyond
conventional ingredients such as fishmeal and soybean meal.
Instead, alternative sources of protein and lipids are being
investigated through rigorous feeding trials. Among these
alternatives, insect larval meal, single-cell protein extracts and
various processed plant-based proteins have emerged as common
candidates. These studies are not just testing whether such
ingredients can be used, but also how they influence overall
performance. Researchers commonly track growth indicators
such as Specific Growth Rate (SGR), Feed Conversion Ratio
(FCR) and Protein Efficiency Ratio (PER), as these metrics offer
insight into how well a diet supports healthy development. In
addition, proximate analysis of muscle tissues measuring protein,
lipid, moisture and ash content provides valuable data on the
flesh quality resulting from different dietary inputs. This type of
detailed nutrient profiling helps in evaluating not just growth
outcomes but also product quality, which is increasingly
important for meeting consumer expectations in commercial
markets.

Beyond growth performance and tissue composition, many
studies extend their investigations into the immune response
elicited by these alternative diets. The impact of feed on the
immune status of fish and shrimp is a critical consideration,
especially in intensive farming systems where disease pressure is
high. Researchers commonly assess immune indicators such as
lysozyme activity, alkaline phosphatase and immunoglobulin
levels to determine whether experimental diets enhance or
impair immune function. The design of these feeding
experiments typically includes control groups on conventional
diets, alongside treatment groups receiving incremental levels of
the alternative ingredient. These comparative setups allow for
precise assessment of how inclusion levels affect performance.
The results often suggest that partial replacement of traditional
ingredients can be achieved without negative impacts and in

some cases, modest improvement in health or growth may occur. 
However, when the inclusion levels become too high, negative 
effects on performance tend to emerge likely due to imbalanced 
amino acid profiles or the presence of anti-nutritional factors 
unless these are corrected through supplementation with specific 
amino acids or enzyme treatments. Some studies even delve into 
gene expression to understand how novel feeds affect immune 
signalling pathways, offering deeper biological insight into host-
diet interactions.

An expanding subset of research focuses on dietary supplements 
and functional additives that could enhance both feed efficiency 
and the resilience of aquatic organisms. These include probiotics 
(beneficial live microbes), prebiotics (non-digestible compounds 
that promote beneficial gut bacteria) and phytogenic substances 
derived from herbs or plant extracts. These additives are tested 
not only for their impact on digestive health but also for their 
potential to improve disease resistance and survival under 
stressful or suboptimal conditions. For instance, trials often 
simulate poor water quality or introduce pathogenic challenges 
to determine whether supplemented diets confer any protective 
benefits. Many of these studies report improved survival, better 
gut morphology, or heightened immune responses with the 
inclusion of these additives. Moreover, researchers are also 
analyzing    how    feeding    schedules    and    frequencies   affect 
outcomes. Intermittent feeding strategies and adjusted feeding 
intervals are examined to determine if they can optimize 
nutrient absorption, reduce feed waste and mitigate the 
environmental footprint of aquaculture operations. Such 
approaches may also influence physiological parameters like 
metabolic rate and stress hormone levels, contributing to more 
sustainable management practices. Feeding frequency, for 
example, is shown to influence not just growth but water quality 
as well, as uneaten feed and metabolic waste can accumulate 
under poorly managed regimes.

Digestibility trials form another critical component of this 
growing body of literature. By incorporating inert marker 
substances into feed formulations, researchers can assess the 
Apparent Digestibility Coefficients (ADCs) of various nutrients 
such as proteins, lipids and carbohydrates under different dietary
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conditions. These trials are essential when introducing new
ingredients, as not all protein or energy sources are equally
digestible by all species. Understanding how efficiently a
cultured organism can utilize a feed’s nutrients helps in
formulating diets that are both nutritionally effective and
economically  viable. Some  studies  also  analyze  how processing
methods, such as fermentation or extrusion, improve
digestibility by reducing anti-nutritional factors or enhancing
nutrient availability. In addition, researchers are beginning to
link digestibility with gut microbiome profiles, investigating how
dietary ingredients influence microbial balance and nutrient

absorption. Collectively, the research published in this area is
helping to reshape how aquaculture feed is conceptualized and
formulated. It supports a shift toward more sustainable, locally
sourced and environmentally friendly feed strategies while
maintaining the biological performance standards required in
commercial aquaculture. As global demand for farmed aquatic
products continues to grow, this evolving understanding of
nutrition and feed efficiency will play a pivotal role in ensuring
the long-term viability of aquaculture systems across different
regions and species.
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