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DESCRIPTION

Evaluating the nutritional efficiency of formulated feeds in
aquaculture has traditionally relied on static measurements,
primarily through the calculation of apparent digestibility
coefficients. While these values provide a useful baseline for
they
measurement that conceals the dynamic nature of digestion.

comparing ingredients, offer a single endpoint
Digestion is a continuous physiological process that unfolds over
time rather than a simple binary outcome. The rate at which
dietary components are hydrated, structurally disassembled,

the

epithelium is influenced by a complex interplay of physical,

enzymatically cleaved, and absorbed across intestinal
chemical, and biological factors. These factors include the
physical architecture of the feed, raw ingredient characteristics,
processing conditions, digestive morphology, enzyme kinetics,
environmental temperature, host developmental stage, and
overall physiological status. Evaluating digestion as a time-
dependent kinetic process provides critical insights into how
effectively a diet meets the metabolic demands of farmed aquatic

species for growth, energy maintenance, and health.

The process of digestion commences immediately upon feed
ingestion. As feed enters the gastrointestinal tract, it undergoes
rapid hydration while being subjected to mechanical forces,
digestive activity,
interactions with host microbial populations. Complex dietary

endogenous secretions, enzymatic and
macromolecules must be systematically broken down into
bioavailable components: proteins into short peptides and free
triacylglycerol’s fatty
monoacylglycerols, and complex carbohydrates into simple
The velocity of these

transformations is strongly dictated by the physical integrity of

amino acids, into free acids and

monosaccharides. biochemical
the feed matrix and the inherent physiological capabilities of the
target species. Nutrients housed within soluble or highly porous
matrices are rapidly liberated and absorbed, whereas nutrients
locked within dense, highly cross-linked protein structures or
tough plant cell wall matrices require prolonged residence time
and extensive enzymatic activity before absorption can occur.
Efficient digestion therefore depends on the synchronization of
feed breakdown, enzyme secretion, nutrient absorption, and

gastrointestinal transit to maximize nutrient utilization and
minimize waste production.

A complete kinetic evaluation of feed breakdown requires
tracking multiple parameters throughout the passage of chime
through the gastrointestinal tract. Key kinetic indicators include
the initial rate of nutrient disappearance, the latency period
prior to significant hydrolysis, the time required to achieve peak
absorption rates, the total bioavailable fraction, and the mass of
indigestible residue remaining in the hindgut. Two distinct
aquafeed formulations can possess identical total protein
digestibility percentages while exhibiting drastically different
temporal release profiles. A rapid, unsustained influx of amino
acids into the bloodstream may overwhelm cellular transport
systems and exceed the rate of protein synthesis, leading to the
catabolic oxidation of excess amino acids for energy rather than
their retention in muscle tissue. Conversely, an excessively slow
release rate can result in intact protein reaching the distal
intestine, promoting unwanted microbial fermentation and
increasing nitrogenous waste production.

The physical properties of an aquafeed play an essential role in
dictating the rate of hydration and subsequent enzymatic
breakdown within the digestive lumen. Characteristics such as
particle size, pellet hardness, bulk density, porosity, moisture
absorption capacity, and water stability determine how quickly a
feed matrix disintegrates inside the gut. Processing technologies,
including thermal extrusion, conditioning, pelleting, drying, and

the

ingredients. Reducing raw material particle size increases the

fine grinding, alter microstructural arrangement of
surface area available for digestive enzymes, thereby accelerating
hydrolysis. However, extremely fine grinding or over-processing
can compromise the physical integrity of pellets in water, leading
to nutrient leaching before ingestion or negatively altering feed
intake behaviors. Feed manufacturers must therefore balance
physical stability during handling and feeding with appropriate

physical breakdown kinetics inside the gut.

Each major macronutrient class exhibits unique breakdown

dynamics influenced by ingredient origin and structural

configuration. Protein digestion depends heavily on molecular
conformation, tertiary structure, and the presence of heat-
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induced cross-links or anti-nutritional factors. Ingredients such
as fishmeal, terrestrial animal by-product meals, plant protein
concentrates, insect meals, and single-cell proteins differ
substantially in their susceptibility to pepsin, trypsin, and
chymotrypsin.

CONCLUSION

Evaluating aquafeed digestibility as a dynamic kinetic process
provides a far more comprehensive picture of nutrient
availability ~than single-point  digestibility
Understanding the temporal breakdown and absorption of

values alone.
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nutrients enables feed formulators to design diets with greater
precision, align ingredient selection with species-specific
digestive physiology, optimize feeding management strategies,
reduce nutrient losses into the environment, and rigorously
ingredients for the future of
aquaculture. Carbohydrate digestion varies widely among

assess novel sustainable

aquatic species based on their evolutionary adaptations. Lipids
follow a distinct temporal path because hydrophobic fat
molecules must first undergo emulsification. Endogenous bile
salts and phospholipids emulsify fats into tiny droplets,
dramatically expanding the surface area for pancreatic lipase
activity.
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