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Aquafeeds

Phospholipids in shrimp feeds
Sunday, 1 October 2000

By J.C. (Craig) Russett, Ph.D.

Larval stages very sensitive to phospholipid de�ciency

Phospholipids are made from glycerol (green), two fatty acids (black) ,
and a phosphate group (red), with another molecule attached to its
end (blue). The phosphate end of the molecule orients to water (blue
background), due to its electric charge, while the non-polar fatty acid
end orients to fat.

(https://www.aquaculturealliance.org)
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Lipids or fat-soluble compounds are a diverse group of molecules that include nutrients such as fatty acids,
phospholipids, cholesterol, and vitamins, which are essential for the normal growth and survival of shrimp.
Phospholipids are compounds that combine a water-soluble phosphate group at one end with fat soluble fatty acids
at the other. This “schizoid” con�guration results in physical properties that tend to make them most stable at the
interface or boundary of water and fats.

Phospholipids are fundamental components of biological membranes, where their water-soluble “heads” align toward
the outside of the membrane, and their fatty tails align toward the inside. Phospholipids are also key components of
plasma lipoproteins, which serve to solubilize fats and cholesterol for transport throughout the shrimp hemolymph.

Phospholipids
Several ingredients can provide lecithins or phospholipids in shrimp diets (Table 1). Although marine animal proteins
and fats can provide a portion of shrimps’ dietary phospholipids, nutritionists typically formulate shrimp feeds with
supplementary phospholipids, commonly in the form of soy lecithin. Increased knowledge of the need for
phospholipids by shrimp; the variability and cost of marine animal sources of phospholipids; and the availability,
consistency, and phospholipid content of soy lecithin have resulted in widespread use of soy lecithin in shrimp feeds.

Russett, Approximate phospholipid content of aquafeed
ingredients , Table 1

 

Functions of phospholipids

Clam meal 1.27

Egg powder 2.14

Fish meal 2.47

Krill meal 2.03

Oyster meal 16.26

Shark liver oil 2.50

Shrimp head meal 3.82

Shrimp meal 1.02

Squid liver meal 6.36

Squid liver oil 1.53

Squid meal 3.39

Squid oil 0.76

Tuna meal 0.50

Yeast, torula 1.27

Ingredient Phospholipid, %

Table 1. Approximate phospholipid content of aquafeed ingredients (Gill 1998).
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Digestion. Lecithins were thought to be required as a surfactant for lipid emulsi�cation and digestion, but more recent
evidence suggests that dietary phospholipids improve growth and survival by effects other than enhancement of
emulsi�cation and absorption of dietary lipid from the digestive tract.

Lipid utilization. Dietary phospholipids in�uence lipid mobilization (e.g., cholesterol and triglycerides) from the midgut
gland to the hemolymph and other extrahepatic tissues, rather than affect their direct digestion and absorption.

Shrimp cannot effectively utilize dietary lipids, especially cholesterol, for growth and survival in the absence of
supplemental soybean lecithin. Dietary phospholipids enhance lipid deposition and increase energy available for
growth, and may also improve the e�ciency of essential fatty acids supplied as neutral lipid, thus reducing
requirements for n-3 highly unsaturated fatty acids (HUFA). This positive interaction between phospholipids and HUFA
may contribute to improved resistance of shrimp to adverse growing conditions, such as osmotic and salinity stress.

Phospholipids may be superior to triacylglycerols as essential fatty acid sources for larval stages, whose digestive
capacity may not be fully developed. Phospholipids are more polar and may be more fully emulsi�ed for absorption.

Cholesterol. Cholesterol is an important cell membrane component. It helps yield a more rigid, ordered structure to the
�uid lipid bilayers, and also increases the bilayer �uidity in the solid state. It is the precursor of steroidal hormones for
molting, growth, and reproduction, and is part of the crustacean hypodermis.

Dietary phospholipids improve the mobilization of cholesterol and triglycerides from the digestive tract to the
hepatopancreas, hemolymph, and muscle. A recent study showed a signi�cant interaction between dietary
phospholipid and cholesterol requirements, reporting that 0.4 percent cholesterol was required for optimal growth of
juvenile Penaeus vannamei without dietary phospholipid, 0.2 percent cholesterol when 1.5 percent to 3 percent
phospholipids (deoiled soy lecithin) was in the diet, and 0.1 percent cholesterol when 5 percent phospholipids was
supplemented. These results are similar to the observation that P. vannamei, under outdoor conditions, require 0.2
percent to 0.4 percent cholesterol when their diet has 1 percent lecithin.

Phosphatidylcholine and phosphatidylinositol. Although soy lecithin can prevent choline and inositol de�ciencies,
choline and inositol salts cannot replace or reduce the dietary needs for phosphatidylcholine and phosphatidlyinositol
in shrimp. These compounds are required by shrimp as intact phospholipids.

Protein. A protein-lipid interaction has been suggested, where the better the amino acid pro�le of the dietary protein
relative to the nutritional need of the shrimp, the greater the growthpromoting effect of soybean lecithin.

Reproduction. Soybean lecithin improves nauplii production, percent hatch, and sperm counts. A speci�c, unidenti�ed
component of the soybean lecithin might cause this effect on broodstock.

Phospholipids below 2 percent in broodstock diets depress spawning frequency and egg number per spawn in P.
vannamei, and appear to be essential during penaeid vitellogenesis, larvae development, and juvenile growth.

Pigments. Phospholipids enhance the absorption of various drugs, including their lipid permeability, which is
important to the use of carotenoids in shrimp nutrition. Carotenoids prevent the “blue shrimp” pathology and play a
role in egg development during embryonic and post-embryonic development stages. These fat-soluble pigments are
poorly absorbed and retained.

A synergy could exist between phospholipids and carotenoids in the nutrition of shrimp. An extra amount of
lysolecithin above the amount of native lecithin providing nutritional merit may have a special functional role in
nutrient absorption, such as for carotenoids.

Shrimp feeding needs. Shrimp nibble on feed particles, resulting in substantial nutrient losses (greater than 20
percent protein, 50 percent carbohydrate and 85 percent to 95 percent vitamins). Lecithins reduce leaching of water-
soluble nutrients and act as effective binders. Dietary phospholipids may play a role in improved shrimp food
palatability through chemoattraction, and in improving physical properties of manufactured feeds.

Phospholipids requirements of shrimp
Crustaceans can synthesize phospholipids but their biosynthesis cannot meet metabolic requirements during juvenile
and earlier stages. Optimal performance may require higher phospholipids levels than those needed for survival.
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The need for phospholipids (e.g., soybean lecithin generally or phosphatidylcholine speci�cally) has been determined
for several shrimp species (Table 2). For most crustacean species, estimated phospholipid requirement for larvae is in
the range of 1 percent to 3 percent phosphatidylcholine plus phosphatidylinositol. This phospholipid requirement is
ful�lled by 3 percent to 9 percent standard �uid soy lecithin or 2 percent to 6 percent dry, deoiled soy lecithin (95
percent to 97 percent A.I.).

Russett,

 

Crustacean larval stages are very sensitive to phospholipid de�ciency. For example, Zoea I/II stages of P. japonicus
suffered 100 percent mortality before reaching mysis stage when fed a phospholipid-de�cient diet.

Requirements change with species and age
The phospholipid requirement generally decreases with age or development stage. Kanazawa (1993) reported a
decrease in phospholipid requirements from 5 percent to 3 percent soybean lecithin (equivalent with 1.6 percent to 1.0
percent phosphatidylcholine plus phosphatidylinositol) from larva to juvenile.

The phospholipid need for juveniles of different penaeid shrimp are mostly within the range of 1.2 percent to 1.5
percent active phospholipid (i.e., phosphatidylcholine plus phosphatidylinositol). This would be equivalent to 3.75
percent to 4.5v �uid soy lecithin or 2.5 percent to 3 percent deoiled soy lecithin.

Published recommended levels of dietary soybean lecithin vary from 1.25 percent to 6.5 percent, depending on shrimp
species and developmental stage. Since the purity and composition of the phospholipids in soybean lecithin have
varied from study to study, drawing conclusions concerning optimal levels/types of dietary phospholipids required by
different shrimp is di�cult.

Conclusions
Phospholipids are essential nutrients required for growth and survival of larval and juvenile crustaceans. They are
involved in mobilization of cholesterol and triglycerides from the midgut. They provide a bioavailable source of choline
and inositol, facilitate pigment absorption, and reduce dietary nutrient leaching while improving pellet binding. The
phospholipid requirement for larval shrimp is in the range of 3 percent to 9 percent from soy lecithin, in order to supply
1 percent to 3 percent phosphatidylcholine plus phosphatidylinositol. The phospholipid need for juvenile shrimp is

Penaeus japonicus 1.5% phosphatidylcholine to 6.5% soy lecithin (86% phospholipid)

Penaeus chinensis 2% soy lecithin

Juvenile Penaeus merguiensis 1 - 2% soy lecithin (60% phospholipids)

Juvenile Penaeus penicillatus 1.25% phosphatidylcholine

Juvenile Penaeus monodon 1.25% phosphatidylcholine

Postlarval Penaeus monodon 1 to 2% soy lecithin (63% phospholipids)

Penaeus stylirostris 1.5% soy lecithin

Postlarval Penaeus vannamei 1.5% phosphatidylcholine to 6.5% soy lecithin (86% phospholipids)

Species Dietary Phospholipid Forti�cation

Table 2. Necessary dietary phospholipid forti�cation with soybean lecithin or puri�ed phosphatidylcholine for
optimal shrimp growth and/or feed conversion.
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within the range of 3.75 percent to 4.5 percent soy lecithin (1.2 percent to 1.5 percent phosphatidylcholine plus
phosphatidylinositol). The phospholipid requirement for broodstock is at least 2 percent soy lecithin (0.65 percent
phosphatidylcholine plus phosphatidylinositol).

(Editor’s Note: This article was originally published in the October 2000 print edition of the Global Aquaculture
Advocate.)
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