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The goal of aquafeed manufacturing is to maximize
the availability of nutrients to aquatic animals in a cost-
effective and environmentally responsible manner. This
is especially relevant to the use of phosphorus in com-
mercial production feeds for marine penaeid shrimp.

Phosphorus is the most expensive mineral supple-
ment in aquatic feeds, and its oversupplementation in
feeds results in reduced cost benefits because its utiliza-
tion is typically reduced as dietary levels increase. Un-
consumed phosphorus can result in nutrient loading of
culture systems and aquaculture receiving streams.

Another issue related to environmental concerns is
that although the shrimp-farming industry is improving
the sustainability of shrimp feeds through replacement
of animal- with plant-protein sources, the relatively poor
availability of phosphorus in feed grains is a problem.

Summary:
Dietary inclusion of the enzyme phytase can improve the
availability of phosphorus in plant protein-based aqua-
culture feeds. Adding phytase to plant-based finfish
feed has both improved phosphorus availability and
reduced waste phosphorus. Despite research chal-
lenges, ongoing work on phytase supplementation in
shrimp is striving to enhance shrimp feed performance
in similar ways.

PHYTASE SUPPLEMENTATION
IN AQUACULTURE DIETS

IMPROVES FISH, SHRIMP
GROWTH PERFORMANCE

Feed and Nutrition

Although the shrimp-farming industry is improving the sus-
tainability of shrimp feeds through replacement of animal-
with plant-protein sources, the relatively poor availability 
of phosphorus in feed grains is a problem.

Unconsumed phosphorus 
can result in nutrient loading 
of culture systems and 
aquaculture receiving streams.

The shrimp farming industry is working
to reduce the fishmeal content in feed
by substituting soybean and other
plant meals. Unfortunately, the 
relatively poor availability of 
phosphorus is feed grains is 
a problem.
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The use of more-digestible, inorganic forms of phos-
phorus partially solves this problem, but with increased
feed costs. One approach to mitigating this dilemma
could be the improvement of phosphorus bioavailability
in feed grains.

Phosphorus in Shrimp Diets
Most production formulas for shrimp are supplement-

ed with inorganic phosphorus. This is because a high
percentage of the phosphorus in feed grains is bound to
phytic acid, a myoinositol ring-structured molecule.
Phytic acid is classified as an antinutritional factor,
meaning that most monogastric animals can not utilize
the phosphorus it contains. Thus, only free forms of
phosphorus are considered digestible.

Experimental feeds containing phytate have been
shown to reduce mineral availability in rainbow trout,
channel catfish, carp, and tilapia. Phytate can also form
complexes with proteins and reduce the availability of
amino acids.

Phytase
Dietary inclusion of the enzyme phytase is one means

whereby the availability of phosphorus can be improved
in plant protein-based feeds. When seeds germinate, the
myoinositol ring is broken down by endogenous phytase
enzymes, releasing phosphorus and minerals to the
seedling.

The phytase molecule is commonly found in two
forms derived from fungi: 3- and 6-phytase. In the pres-
ence of water, these enzymes hydrolyze phytic acid, re-
leasing inorganic phosphorus from the 3- and/or 6-car-
bon of the myoinositol ring. The pH optimum for activi-
ty of 3-phytase is 5.5-6.5, whereas that of 6-phytase is
about 4.5.

Phytase is commercially available as a liquid or pow-
der, and at various levels of activity expressed in phytase
units (FTU)/kg. Because of the differences in optimum
pH for phytase forms, many researchers have questioned
its efficacy in feeds for marine shrimp. This is due to the
slightly basic 7.2-7.4 pH of the shrimp gut.

Because grains are not found in the marine environ-
ment, no natural selection has occurred for this enzyme in
shrimp. As a result, shrimp do not have phytase activity in
their guts. Thus, to increase the availability of phytate-
phosphorus, an extrinsic source of phytase is required.

Because almost all commercial shrimp production
feeds are manufactured at high temperatures of 90-135°
C, there has been some concern regarding the heat sta-
bility of phytase. Most phytases have temperature opti-
mums in the 45-60° C range.

Phytase in Terrestrial Animal Diets 
For terrestrial animals, phosphorus availability in

all-plant feeds depends on the levels of phytate- and non-
phytate phosphorus in the feed ingredients and the phy-
tase activity of the diet. The phytate-phosphorus percent-
age of total phosphorus and phytase activity of various
feed grains and their derivatives are shown in Table 1.

Phytase is routinely added to terrestrial feeds at about
180 g for every 5-6 kg of supplemented inorganic phos-
phorus. The rate of incorporation of phytase depends
upon the degree to which one desires reduction of nutri-
ents in feces, and economic considerations. Research has
shown that in terrestrial animals, the addition of dietary

phytase can increase phosphorus availability by 15-35%
and improve average daily weight gain, feed intake, and
feed conversion.

Finfish Studies
Phytase research in finfish feed is somewhat more ad-

vanced than for marine shrimp, possibly due to finfish
possessing a more acidic gut pH in combination with
their acceptance of more grain-based feeds.

In finfish feeds, phytase is typically supplemented in-
dividually or as pretreated soybean meal. It has im-
proved the apparent digestibility coefficients of phos-
phorus in diets containing 30% or 45% soybean meal
when fed to Korean rock fish. Adding phytase to Atlantic
salmon feed improved phosphorus availability, reduced
waste phosphorus, and reduced the need for inorganic
phosphorus in canola meal-based diets.

In full-fat soybean diets for rainbow trout, the addi-
tion of phytase at 400 FTU/kg increased apparent di-
gestibility coefficients for crude protein, sulfur, total
phosphorus, and phytate-phosphorus. Phytase research
has also been conducted with channel catfish, striped
bass, and African catfish. A model developed recently at
the University of Guelph accurately predicts the di-
gestible phosphorus content of diets containing typical
feed ingredients.

Penaeid Shrimp Studies
Very few digestibility or growth trial studies have been

conducted with phytase-supplemented feeds offered to
marine penaeid shrimp. In 1998, researchers at the Ocean-
ic Institute in Hawaii, USA, studied the in vitro interac-
tion of phytase on trypsin and amylase extracted from the
hepatopancreas of Pacific white shrimp, Litopenaeus van-
namei. Proteolysis of soybean meal protein measured as
tryptic acid activity increased linearly with increasing
phytase units, indicating that phytase could exert an indi-
rect but positive effect on protein hydrolysis.

An additive effect was observed between trypsin and
possibly other proteolytic enzymes in hepatopancreatic
extract and phytase on the release of phosphorus from
phytate. Researchers speculated that an inhibitory effect
on hepatopancreatic extract amylase activity by phytase
could have important implications on the direct addition
of phytase to shrimp feeds.

Table 1. Phytate-phosphorus percentage 
of total phosphorus and phytase activity 

of various feed grains and their derivatives.

Phytate-Phosphorus 
Content of Total Phytase Activity

Source Phosphorus (%) (FTU/kg)

Wheat 67 1,193
Wheat bran 84 2,957
Wheat middlings 66 4,381
Wheat gluten feed 71 25
Rice bran 64 122
Peas 45 116
Peanuts 47 3
Soybean 48 52 8
Sorghum 70 24
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Also in 1998, researchers at the University of Texas
Marine Science Institute Fisheries and Mariculture Lab-
oratory in Texas, USA, determined that a soybean meal-
based practical basal diet was deficient in phosphorus
and that supplementation of the diet with 600 FTU/g phy-
tase produced a moderate improvement in feed perform-
ance.

In 2004, researchers at the Universidad Autonoma de
Nuevo Leon in Monterey, Mexico, fed Pacific white shrimp a
diet containing 40% pea protein flour as the primary source
of phosphorus. The dry matter, protein, and phosphorus di-
gestibilities of this feed were lower when compared to one
in which 1,000 FTU/g phytase was supplemented.

Also in 2004, phytase research was undertaken at the
Texas Agricultural Experiment Station Shrimp Maricul-
ture Project (TAES-SMP) in Texas, USA, in which juve-
nile Pacific white shrimp were fed a basal diet containing
31% soybean meal and 0.70% total phosphorus, to which
graded levels of phytase were added. Phytase addition to
the basal diet had no significant effect on shrimp growth.

However, shrimp offered a control feed supplemented
with 1.92% inorganic phosphorus had a significantly
greater final weight than those fed the diet without phos-
phorus supplementation (0.70%). This indicated the basal
diet was deficient in available phosphorus.

The researchers postulated that phytate-phosphorus
was either not available or the phytase only partially hy-
drolyzed the phytic acid and released only a small
amount of phosphorus. The released phosphorus may
not have been adequate to produce a growth effect. Per-
haps the slightly basic digestive system of L. vannamei
did not provide an optimal pH for phytase activity, which
when combined with the rapid rate of feed passage might
not have allowed adequate time for the hydrolysis of phy-
tate phosphorus.

The primary objective of another recent study at
TAES-SMP was to identify potential limiting nutrients in
practical L. vannamei feeds containing only renewable
plant ingredients. A practical basal diet was formulated
to contain 3% dibasic calcium phosphate. The perform-

ance of shrimp offered this diet was compared to one in
which phosphate was removed and various phytase lev-
els up to 2,000 FTU/kg were added. No significant differ-
ences were found in mean final weight, yield, survival, or
feed conversion between shrimp fed the phosphorus-re-
plete and 0 FTU/kg phytase replacement diets, indicating
the feed was not deficient in phosphorus.

Research currently being completed at TAES-SMP is
evaluating both digestibility and growth rates in juvenile
L. vannamei offered feeds with graded levels of phytase
activity. Results of this research are pending journal ac-
ceptance.

Problematic Research
Probably the most difficult task undertaken in re-

search to determine the effects of phytase on the growth
of shrimp regards achieving an adequate reduction in
available phosphorus in the untreated control diet. Many
studies have postulated that this issue was responsible
for the lack of significant differences in growth of treat-
ment and control shrimp.

This is especially relevant when evaluating grain-
based feeds containing ingredients with substantial in-
herent phytase activity. In all cases, the phytase activity
of feeds should be determined beforehand.

Another difficulty lies in the high variance of results
shown by the procedures used to determine phytase ac-
tivity in ingredients and feeds. Purported levels are no
substitute for actual values, especially in statistical
analysis. Other issues include the liquid or dry phytase
form used to prepare test feeds, the actual activity of the
supplemented phytase, and the half-life of the phytase
source. The phytase content in feed and manufacturing
process used are additional factors.

More research is needed on the supplementation with
phytase of grain-based shrimp aquafeeds before its eco-
nomic efficacy can be fully determined. Greater efficacy
of treatment in shrimp feeds could be observed upon the
identification of a phytase form whose optimal pH ap-
proximates the gut pH of marine penaeid shrimp.
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