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Lipids play critical nutritional roles in early stages of farmed �sh
and shell�sh
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Phospholipid is a general term that includes all lipids containing phosphorus. However, it is a term often mistakenly
equated with phosphoglycerides, the most common of the phospholipids. The �rst phospholipid identi�ed as such in
biological tissues was lecithin, or phosphatidylcholine, in the egg yolk, by Theodore Nicolas Gobley, a French chemist and
pharmacist, in 1847.

Phospholipids are the major constituents of cell membranes and are vital to the normal function of every cell and organ.
They maintain cell structure and function and have regulatory activities within the membranes and outside the cell.

For instance, they serve as second messengers in cell signaling, an essential process in regulating cell growth,
proliferation, differentiation, metabolism, nutrient uptake, ion transport and even programmed cell death.

Phospholipids act as emulsi�ers and facilitate the digestion and absorption of fatty acids, cholesterol and other lipophilic
nutrients. They also have a role in the transport of lipids, not only in the transport of absorbed lipids from the gut into the
hemolymph, but also the transport of lipids between tissues and organs.

Phospholipids are important precursors for a range of highly biologically active mediators of metabolism and physiology,
including eicosanoids, diacylglycerol (DAG), inositol phosphates and platelet activating factors (PAFs).

Dietary phospholipids may serve as a source of choline, inositol, LC-PUFAs or even energy. For early stages of
crustaceans, it has been suggested that phospholipids presented in the diet serve as a direct source of these nutrients. In
�sh feeds, phospholipids can account for 5 to 25 percent of the total lipids, depending on lipid content and formulation of
the feed.

Sources
All products of plant and animal origin contain
phospholipids, but not all contain high levels of speci�c
phospholipids. In particular, vegetable phospholipids are
de�cient in long-chain polyunsaturated fatty acids (LC-
PUFAs) like EPA and DHA. Soya phospholipids are the most
widely used phospholipid source for animal nutrition, having
a relatively low PC (phosphatidylcholine; a class of
phospholipids) content and low omega-3 fatty acid levels.

Classi�cation

Soybeans (left). Photo by Lynn Betts, courtesy of USDA Natural Resources Conservation Service.

Soybean �eld. Photo by Mlabar.
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Phospholipids are classi�ed into four main classes: glycerophospholipids, sphingolipids, ether phospholipids and
phonophospholipids, depending on their backbones and bonding types. In contrast to other phospholipids species,
glycerophospholipids have been widely used in foods, pharmaceuticals and other industrial �elds.

Digestion
The digestion of dietary phospholipids is not well studied in �sh, but it is presumed that the mechanisms are generally
similar to those in mammals, whereby phospholipids are digested by intestinal phospholipase A2, secreted by the
pancreas, resulting in the formation of 1-acyl lyso-phospholipids and free fatty acids that are absorbed by the intestinal
mucosal cells.

The lack of a discrete pancreas in most teleost species has hampered studies on intestinal lipolysis in �sh. Phospholipase
A2 activity was only detected several days after mouth opening in marine �sh larvae.

Absorption
The mechanisms of absorption of the products of phospholipid digestion have not been extensively studied in �sh, but are
assumed to be generally similar to those in mammals. Thus, the hydrolytic products – 1-acyl lyso-phospholipids and free
fatty acids – will be associated with all the other products of fat digestion in mixed micelles with bile salts that diffuse to
the intestinal mucosa where uptake into the enterocytes occurs, probably mainly by passive diffusion.

Phospholipids are a class of lipids that contain phosphorus and are major components of all cell
membranes because they form lipid bilayers.
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Transport
Phospholipids are transported in the blood of most �shes as lipoproteins, as they are in mammals. Lipoproteins include
chylomicrons, very-low density lipoproteins (VLDL), low density lipoprotein (LDL) and high density lipoprotein (HDL)
containing 8, 21, 25 and 29 percent of total weight as phospholipids, respectively. However, as a percentage of the total
lipids, the proportion of phospholipids in various �shes vary widely.

Although virtually unstudied in �shes, by analogy with the system characterized in mammals, phospholipids transport in
the liver and some other tissues of �sh happens through receptor-mediated endocytosis or exchanged via direct
interaction with the endothelial cell membranes in the tissues.

Role of phospholipids in �sh and shell�sh nutrition
Phospholipids are required for optimal growth, survival, prevention of skeletal deformities and, possibly, stress resistance
in larval and early juvenile �shes, both marine and freshwater species. In larvae fed diets rich in triacylglycerol, lack of
su�cient dietary phospholipids limits lipoprotein synthesis in enterocytes, leading to impaired transport of lipid to the
tissues.

Fish larvae during embryonic development and subsequent stages in their natural feeding habitat always have different
types of phospholipid classes at their disposal. Those phospholipids originate from the egg reserves and later from the
live food organisms. Under arti�cial conditions, problems arise when larvae are offered formulated diets with inadequate
quantity of phospholipids. Phospholipids are known to act as emulsi�ers in the intestinal lumen. They help in the
absorption of dietary neutral lipids such as cholesterol and triglycerides, as found in crustacean larvae.

The role of dietary lecithin as emulsi�er is well established in seabream larvae. Larval stages are very sensitive to
phospholipid de�ciency. Zoea I/II stages of P. japonicus suffered 100 percent mortality before reaching the mysis stage
when fed a phospholipids-de�cient diet. For �rst-feeding carp larvae, the supplementation of 2 percent phospholipids to
the diet highly improved both survival and �nal weight compared to that of carp fed phospholipids-free diets. Similar
drastic effects on survival were shown for larvae of red seabream when fed a phospholipids-free diets.
Also, �rst-feeding carp fed either on a phospholipids de�cient diet exhibited a higher incidence of spinal deformities than
larvae fed a phospholipids enriched diet. Larval ayu may require phospholipids in their diet to prevent the incidence of
malformations, especially scoliosis and jaw deformities.

Postlarval P. japonicus shrimp fed a PC-supplemented diet exhibited a higher resistance to a salinity stress than animals
fed a phospholipids-de�cient diet. This PC effect on stress sensitivity could not be con�rmed for P. vannamei, suggesting
that this criterion may not be suitable for evaluating the nutritional status of euryhaline species.

The phospholipids requirement generally decreases with age or developmental stage, as shown for rock bream, where
required levels decreased from 5 percent to 3 percent of soya lecithin from larva to the juvenile stage. Increasing the
dietary phospholipids level beyond the required level did not affect survival or growth, as found in various studies.

However, survival of larval P. japonicus decreased when more than 3 percent soya lecithin was added to the diet. In P.
vannamei lower growth rate of postlarva was observed when fed 3 percent pure PC compared to the shrimp fed 1.5
percent PC.

Several authors have suggested that larval stages are not capable of synthesizing phospholipids at a rate su�cient to
meet the requirements for the formation of new cell components during the initially short period of rapid larval growth.
Dietary Phospholipids enhance the transport of lipids in crustaceans, i.e., the export of absorbed lipids from the gut
epithelium to the hemolymph, and the mobility of lipids between the various tissues and organs. The lack of dietary
lecithin in casein diets for juvenile lobster was associated with lower hemolymph levels of phospholipids and cholesterol.

https://commons.wikimedia.org/wiki/File:Phospholipid_TvanBrussel.jpg#�lelinks
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Incorporation of dietary phospholipids improves the mobilization of cholesterol and triglycerides from the gut to the
hepatopancreas, hemolymph and muscle in P. japonicus. The inclusion of phospholipids in the diet affected lipid
deposition, resulting in increased lipid retention in the animal. Recently it was shown that phospholipids were the more
e�cient mode of supply for dietary EPA and DHA to sea bass larvae.

Incorporation of 3 percent soya lecithin in the diet of P. japonicus shrimp found increased body levels of phospholipids, in
particular PC, and cholesterol. Phospholipids provide choline, phosphorus and essential fatty acid for �sh growth. Dietary
Phospholipids has bene�cial effect on growth performance indirectly through increased levels of CCK-mediated
stimulating pancreatic secretion by increased level of chylomicron.

The cell membrane, also called the plasma membrane or plasmalemma, is a semipermeable lipid bilayer
common to all living cells. It contains a variety of biological molecules, primarily proteins and lipids, which
are involved in a vast array of cellular processes. It also serves as the attachment point for both the
intracellular cytoskeleton and, if present, the cell wall.
https://commons.wikimedia.org/wiki/File:Cell_membrane_detailed_diagram_3.svg
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Higher dietary phospholipids (57.2–85.1 g/kg) could be bene�cial for survival and growth performance of large yellow
croaker (Larmichthys crocea) larvae. Higher dietary phospholipids promote development of the digestive tract and stress
tolerance of yellow croaker (Larmichthys crocea) �sh larvae.

Perspectives
Phospholipids are the major constituents of cell membranes and have important cellular and physio-metabolic roles, and
are critical for normal functioning of cells and organs. Because larval �sh and shell�sh cannot synthesize phospholipids at
the rates needed to satisfy their nutritional requirements, hence, phospholipid inclusion in su�cient amount in diets can
ensure proper growth (including prevention of skeletal deformities), survival and stress resistance of larval �sh and
shell�sh.
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