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DESCRIPTION
Aquafeed phospholipid partitioning describes the way dietary 
phospholipids are digested, absorbed, transported, stored, 
transformed, and incorporated into tissues in cultured aquatic 
animals. Phospholipids are important components of cell 
membranes and participate in lipid transport, cellular signaling, 
digestive processes, and structural development. Their function 
in aquafeeds is therefore different from that of neutral lipids, 
which are mainly associated with energy storage. The 
proportion, molecular structure, and source of phospholipids in 
a formulated diet can influence how dietary fatty acids and other 
lipid-soluble nutrients are distributed throughout the animal.

In fish and crustaceans, dietary phospholipids are exposed to 
digestive enzymes after feed consumption. Their digestion 
commonly involves phospholipases that release fatty acids and 
lysophospholipid products. These products can then enter 
absorptive cells in the intestine or hepatopancreas, depending 
on the species. Following absorption, lipid molecules are 
assembled into transport particles or incorporated into 
intracellular membranes. The resulting lipid movement 
determines whether nutrients are directed toward energy 
production, membrane synthesis, growth-related processes, or 
longer-term storage.

Phospholipid partitioning is closely connected with the physical 
properties of the feed itself. Aquafeeds often contain mixtures of 
marine oils, vegetable oils, animal-derived ingredients, algal 
materials, and other lipid sources. Each source provides a 
different combination of phospholipid classes and fatty acids. 
Soybean lecithin, marine phospholipids, krill-derived 
ingredients, algal phospholipids, and other lipid-rich materials 
can therefore produce different metabolic responses even when 
their total lipid concentrations are similar. Feed formulation 
needs to consider both lipid quantity and lipid composition.

Phosphatidylcholine is one of the most widely studied 
phospholipids in aquatic nutrition. It contributes to cellular 
membranes and can participate in lipid transport from the 
intestine and liver or hepatopancreas. Phosphatidylethanolamine,

phosphatidylinositol, phosphatidylserine, and sphingolipids also 
have distinct biological functions. The relative abundance of 
these classes can influence membrane characteristics, cellular 
communication, and the handling of dietary lipids. Differences 
among species are important because carnivorous fish, 
omnivorous fish, marine larvae, freshwater species, and 
crustaceans can process dietary lipids in different ways.

The digestive stage has a major influence on 
subsequent phospholipid allocation. Lipid digestion 
depends on feed particle size, intestinal conditions, bile 
components, enzyme activity, and the chemical structure of 
the dietary lipids. Some phospholipid molecules are hydrolyzed 
before absorption, while others may be absorbed as intact or 
partially modified molecules. After uptake, fatty acids can be 
re-esterified into phospholipids or neutral lipids. This creates a 
dynamic system in which dietary molecules may undergo 
chemical modification before reaching target tissues.

In crustacean production, the hepatopancreas has an important 
role in lipid metabolism. Shrimp and other cultured crustaceans 
can use dietary phospholipids in membrane formation, lipid 
transport, and developmental processes. During periods of rapid 
growth or molting, lipid requirements may change because tissue 
formation and physiological activity alter nutrient 
allocation. Dietary phospholipid composition can consequently 
affect lipid deposition in the hepatopancreas, muscle, 
reproductive tissues, and other organs.

Fish larvae present another important application 
of phospholipid partitioning. Early developmental stages 
require nutrients for rapid cellular division, organ formation, 
nervous-system development, and tissue differentiation. Larval 
digestive capacity can differ substantially from that of juvenile 
and adult animals. Phospholipid-rich feeds may therefore have 
a particular nutritional role during early development. The 
relationship between phospholipid supply and essential fatty 
acid delivery is especially relevant because membrane 
formation requires an appropriate balance of fatty acids within 
structural lipids.
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can provide substantial phosphatidylcholine, while algal 
ingredients can supply distinctive lipid molecules and fatty acid 
combinations. The nutritional value of each source depends on 
species, life stage, inclusion level, processing conditions, and the 
composition of the complete diet.

Feed processing can modify phospholipid characteristics as well. 
Extrusion, drying, heating, storage, and exposure to oxygen can 
affect lipid stability. Oxidized lipids may alter feed quality and 
can influence animal health when present at excessive levels. 
Proper ingredient handling and storage are therefore relevant to 
maintaining the nutritional characteristics of phospholipid-
containing aquafeeds.

Understanding phospholipid partitioning also has practical 
value for reducing dependence on conventional marine 
ingredients. Alternative lipid sources are increasingly examined 
in aquaculture because feed manufacturers seek ingredients that 
can support production while maintaining nutritional quality. 
However, replacing one lipid source with another can modify 
the molecular composition of dietary phospholipids. Evaluating 
how these changes affect digestion, tissue deposition, growth, 
and physiological function is necessary before broad application.

Research in this area can benefit from controlled feeding 
experiments that compare phospholipid sources at equivalent 
lipid and energy levels. Measurements can include feed intake, 
growth rate, feed conversion, survival, whole-body composition, 
tissue lipid profiles, digestive enzyme activity, and selected 
metabolic markers. Sampling at multiple developmental stages 
can reveal whether phospholipid requirements change as 
animals mature.

CONCLUSION
Aquafeed phospholipid partitioning is therefore a useful 
framework for understanding how structural lipids move 
through the aquatic animal after feeding. It connects feed 
formulation with digestion, absorption, transport, membrane 
formation, energy metabolism, and tissue composition. Greater 
knowledge of these processes can support the design of diets 
that provide appropriate lipid classes and fatty acids for specific 
species and production stages. Continued investigation using 
lipidomics, nutritional physiology, molecular biology, and 
feeding trials can improve understanding of how dietary 
phospholipids are allocated within cultured aquatic animals and 
how feed composition influences this allocation.
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The interaction between phospholipids and long-chain 
polyunsaturated fatty acids is also significant. Eicosapentaenoic 
acid and docosahexaenoic acid can be incorporated into 
membrane phospholipids, where they influence membrane 
fluidity and cellular signaling. Dietary phospholipids may alter 
the delivery and retention of these fatty acids in tissues. When 
fish receive diets containing reduced marine ingredients, the 
form in which essential fatty acids are supplied may affect their 
incorporation into tissue lipids. Studying phospholipid 
partitioning can therefore help explain differences in tissue fatty 
acid profiles among alternative feed formulations.

Phospholipid partitioning is also affected by energy status. 
When dietary energy is adequate, structural lipids can be 
directed toward tissue development while excess fatty acids may 
be stored as triacylglycerols. Under energy limitation, stored 
lipids can be mobilized to support metabolism. The balance 
between structural lipid synthesis and energy storage changes 
according to feeding level, growth rate, temperature, 
reproductive condition, and environmental stress. 
Consequently, phospholipid metabolism cannot be considered 
independently from the animal's overall energy metabolism.

Temperature provides an additional factor in aquatic animals 
because many fish and crustaceans are ectothermic. Changes in 
environmental temperature can alter membrane fluidity and 
influence the fatty acid composition required to maintain 
suitable cellular function. Animals may adjust the proportion of 
saturated, monounsaturated, and polyunsaturated fatty acids in 
membrane phospholipids as environmental conditions change. 
Feed composition can interact with these physiological 
adjustments and influence the resulting tissue lipid profile.

Phospholipid partitioning can also be examined through 
lipidomic analysis. Modern lipid analysis can identify individual 
lipid classes and molecular species rather than measuring only 
total lipid concentration. Such measurements allow researchers 
to compare how specific phospholipid molecules change in the 
liver, hepatopancreas, muscle, intestine, gills, brain, and 
reproductive tissues. Combining lipidomic measurements with 
growth performance, feed utilization, enzyme activity, and gene-
expression data can provide a more detailed picture of lipid 
allocation.

The source of dietary phospholipids is another important 
consideration. Marine-derived phospholipids may contain long-
chain fatty acids and other compounds that differ from those 
supplied by terrestrial plant sources. Soy-derived phospholipids
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