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The production of fish meal in Nigeria from the wild sources has for some period now been dwindling and when
available are very expensive, because most of the fish meal used in fish feed formulation are imported. Hence viable
alternatives have to be found for the sustainability of the aquaculture industry in the country. Plant based protein
sources, which are relatively cheap, readily available and easily accessible hold the solution to this, but with
limitations in utilization, due to the presence of phytic acid, an anti-nutritional agent present in virtually all plant
ingredients. Phytic acid reduces bioavailability and digestibility of nutrients like proteins, phosphorus and other
minerals, there by promoting accumulation of dissolved solids which ultimately leads to pollution. Hence, the need
to create awareness of the efficiency of phytase treated diets, for the survival of the industry in the nearest future is
imperative for the overall success of aquaculture venture. The role of dietary phytase in the formulation of fish feed
using plant based protein sources which is cost effective, and reduces the incidence of aquatic pollution by making
the nutrients and minerals in the feed more available to fish are thoroughly discussed in this paper.
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INTRODUCTION

The last few years has witnessed spectacular growth in
aquaculture, in Nigeria, due to spurred interests of many
people in fish farming, and this will continue to play an
increasingly important role in meeting the demand for fish
(AIFP, 2004). Most production in Nigeria is realized from
pond based, tanks and water re-circulatory culture
systems using polyculture farming techniques. However,
the bulk of high-value fresh and brackish water finfish in
these parts of the world are produced by intensive farm-
ing systems using inputs in the form of nutritionally comp-
lete formulated diets (Hassan, 2001). According to Heindl
(2002) about 8 million tonnes of fish are produced in
China alone with the use of mixed or manufactured feed.
While Fagbenro et al. (2003) reported about 0.46 million
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tonnes of fish was produced in Nigeria by using artificial
diet.

As aquaculture production becomes more and more
intensive in Nigeria (Table 1) . Fish feeds will be a signi-
ficant factor in increasing the productivity and profitability
of aquaculture. According to Jamu and Ayinla (2003) feed
management determines the viability of aquaculture as it
accounts for at least 60 percent of the cost of fish pro-
duction.

The level of growth and intensification witnessed in ag-
uaculture in recent times has raised several issues that
need to be addressed for the sustainability of the Indus-
try. The high cost of fishmeal due to depletion of catch
from the wild and competitive demand from other indust-
ries such as poultry and livestock, necessitating the need
for the development of fish feed from high quality inexp-
ensive sources and methods for reducing the level of
anti-nutritional factors to the barest minimum (Baruah et



Table 1. Domestic Fish Production by Section (tonnes).

Year | Artisanal | Industrial | Aquaculture
1990 | 291,864 36,226 15,840
1992 283,943 39,365 20,041
1994 201,176 30,486 27,112
1996 | 180,112 26,117 49,364
1998 340,116 27,114 86,122
2000 120,121 23,121 121,112
2002 100,126 21,121 300,114

Source: Adapted from Eyo (2003)

Table 2. Fish Feeds Production (Tones) in Nigeria

Feed type Farm-made Commercial Total
Tilapia 14,258 6,554 20,812
Catfish 10,552 4,206 14,758
Total 24,810 10,760 35,570

Source: Fagbenro et al. (2003).

et al., 2004).

Interestingly, Cheng and Guillaume (1984) reported a
beneficial effect of purified phytic acid on growth and
exoskeleton development in shrimp Penaeus japonicus.
Similarly, McClain and Gatlin (1988) reported reduced
zinc bio availability in tilapia Oreochromis aureus fed
1.5% phytate; fish growth was improved compared with
control fish fed with no phytate. More over, recent studies
with mammals, suggested that phytic acid have a bene-
ficial effects within the animal body by suppressing the
incidence of colonic cancer by acting as a food antioxi-
dant and forming iron-chelates that inhibit iron- catalyzed
hydroxyl radical formation and lipid peroxidation (Empson
et al., 1991; Graf and Eatin, 1993; Tacon, 1995). Hence,
this paper critically discusses dietary phytase as one of
the best options in formulating a cost effective growth
promoting and low polluting fish feed for sustainable
aquaculture development.

Fish feed development

The pivotal role of nutrition in aquaculture cannot be over
emphasized as demonstrated in several studies (NRC,
1983; Falaye, 1983; Adiukwu, 1999; Fasakin et al., 2003;
Gabriel and Keremah, 2003; Ibiyo and Olowosegun,
2004).

For any aquaculture venture to be viable and profitable
it must have a regular and adequate supply of balanced
artificial diets for the cultured fishes. This is so because
the dissolved nutrients that promote primary and second-
ary production in the natural environment are seasonal
and might be insufficient or may not occur in required
proportion to meet the nutritional demand for culture fish-

es. Supplementary feeding satisfies this need and ensu-
res that the fish gets the appropriate spectrum of its basic
food requirement for maximum growth (Ugwumba and
Ugwumba, 2003).

Artificial feeds also known as supplementary feeding
are well-compounded mixture of feedstuffs in mash form
or pellets that could be fed to fish. Mash feeds are fed to
fry and pellets to fingerlings, juveniles and adults depend-
ing on pellet size (Eyo, 2003). Atrtificial feeding of fish has
many known advantages which include, enhancement of
high stocking density especially in polyculture system
resulting in high yield, promotion of growth and enables
the farmer to observe the behaviour of his fish during
feeding in order to detect any abnormality (Gabriel et al.,
2000; Gabriel and Keremah, 2003). Unlike in the past,
when fish depends on natural food in the pond, the pro-
duction of fish feed is becoming popular with each pass-
ing day in the country. About 35,370 tonnes of feed were
produced in 2003 (Table 2), using locally available feed
ingredients.

Nutrient requirements of fish

Fish like other animals have a requirement for essential
nutrients in order to grow properly (Table 3). Irrespective
of the culture system in which they are grown, growth,
health and reproduction of fish is primarily dependent
upon an adequate supply of nutrient both in terms of
quantity and quality. Supply of inputs (feed) has to be en-
sured so that the nutrients and energy requirements of
the species under cultivation are met so that the produc-
tion goals of the system can be achieved (Tacon, 2000).
The essential nutrient requirements of fish are proteins,
lipids, carbohydrates, vitamins and minerals. Protein is a
major constituent of fish diet. Knowledge of the protein
requirement of fish is essential for the formulation of a
well-balanced artificial diet for economical fish feeding
(Lovell, 1989). Protein requirement is linked with the
general energy requirement of the fish at a given water
temperature and the ability of the fish to gain weight at its
inherent capacity (Eyo, 2003) . According to Gabriel and
Keremah (2003) protein and energy levels significantly
influenced food conversion efficiency of Heterobranchus
bidorsalis , however the efficiency was not high enough to
influence carcass composition and condition of fish.

Necessity for plant based protein source

Research in fish nutrition in recent years seems to focus
on the replacement of animal protein sources by plant ba-
sed proteins (Table 4) with the aim of reducing the cost of
supplemental feeds (De Silva, 2001). The aquaculture
feed industry relies heavily on the use of fish meal becau-
se of its balanced amino acid profile that closely matched
the fish’s requirement pattern. The commonly used rates
in fish feeds ranges from between 25 and 65% (average
35%). However, the increasingly scarce supply of fish-



Table 3. Protein Requirement of Commonly Cultured Fish species in Nigeria.

Species Fry to Fingerling to Adults to brood Reference
fingerlings Juveniles stock

Oreochromis nilotics 35-40 30-40 20-30 Ballarin and Haller (1982)
Satherodon galilaeus 35 35 35 Omoniyi and Fagate (2003)
Clarras gariepinus 37.5 325 40 Ayinla and Akande (1988)
Heterobranchus Sp 36-40 35 40 Ayinla (1991)
Hybrid catfish Heteroclarias 425 35 35 Eyo and Faloyi (1999)
Common Carp 40 38 38 Fagbaro et al. (2000)
Heterotis niloticus 30.1 25.30 25 Otubusin (1987)

Table 4. Animal and Alternative Plant based feedstuff in Fish Diets.

Nutrient Conventional feedstuffs Percent ration Alternative feedstuffs Maximum inclusion rate (%)

Protein Fish meal 40 Groundnut cake 25
Palm kernel cake 15

Cottonseed cake 20

Jackbean 10

Soyabean 45

Cod liver oall 10 Corn oil 20

Soybean oll 10

Palm oil 10

Source: (Eyo, 2003).

meal with its concomitant rise in price and the increased
competition from other livestock industry necessitates se-
eking a cost-effective replacement to supply dietary pro-
tein in aguaculture feeds. This aspect of fish feed deve-
lopment research is centered on the search for inexpen-
sive, readily available and nutritious protein sources
which can supply all the nutritional needs of the fish. One
obvious approach involves the greater utilization of pro-
teins from plant sources, which has been extensively
investigated with promising results (Eyo and Olatunde,
1996; Desilva, 2001; Olufeagba et al., 2002; Eyo, 2003;
Alegbeleye et al., 2004). However, the results from such
studies reviewing the fact that these plant materials are
not maximally utilized by the fish when compared with
animal protein sources (Ofojekwu and Kigbu, 2002). This
is commonly attributed to anti-nutritional factors especial-
ly phytic acid.

Limiting factors to the utilization of plant based
protein sources

Phytic acid or the hexaphosphate of myoinositol occurs
naturally throughout the plant kingdom (Table 5) and is
present in considerable quantities within many of the maj-
or legumes and oils seeds (Tacon, 1995). According to
Matyka et al. (1993) 46.73% of the total phosphorus with-
in plant based ingredients is organically bound phytin
phosphorus which is largely unavailable to fish. This is

due to the absence of the enzyme phytase within the
digestive tract of fish (Lovell, 1989). Besides, it acts as a
strong chelator, forming protein and mineral-phytic acid
complexes; the net result being reduced protein and
mineral bioavailability (Davies and Gatlin, 1991; Hossain
and Jauncey, 1993; NRC, 1993).

Furthermore, most fish lack intestinal phytase that can
digest the salts of phytic acid (phytins), hence they are
released into the environment in the form of phytate
phosphorus which in turn are acted upon by micro-orga-
nisms that release the phosphorus leading to pollution
(Alvarado, 1997).

Interestingly, pollution from phytic acids in plant protein
sources can be reduced to the barest minimum by inclu-
ding phytase in plant based protein ingredients when
formulating fish feed.

Need for phytase inclusion in formulation of fish feed

Phytase is an enzyme which is microbial in nature, and
as most monogastric animals like fish cannot produce this
enzyme; hence it must be supplied by inclusion in
formulated diet of plant origin. Over the years, plant pro-
ducts such as oil seed cakes and meal have been eval-
uated as fish feed ingredients. With advanced processing
techniques, their nutritive values have been enhanced to
such an extent that they are now considered conventional
ingredients in aquafeeds (Ayinla and Akande, 1988;



Table 5. Toxic Constituents of Selected Plant Feedstuffs.

Source Toxic Factor

Preventative Treatment

Soya bean Trypsin inhibitor
Haemagglutinins
Saponins

Phytic acid
Aflatoxins

Phytic acid
Gossypol Phytic acid

Groundnut cake

Cotton seed

Lima bean (phaseolus lonatus) | Saponnis phytic acid

Pigeon Pea Linamarin
Phytic acid
Kidney bean Heamagglutinin phasiolin phytic acid

Toasting, steaming or boiling

Phytase treated

Proper storage

Phytase treated

Pre-Press thoroughly to extract the oil
Phytase treated

boiling for 20 minutes

Phytase treated

Boiling for 20 minutes Auto claving Phytase treated
Toasting Phytase treated

Source: Jackson et al. (1996).
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Ayinla, 1991; Fagbenro 1999; Eyo et al., 2003).

Addition of microbial phytase either in powdery or liquid
form has been reported to improve the utilization of plant
phosphorus in fish diets considerably (Forst et al., 1999;
Robinson et al., 2002; Debnath, 2003). Its inclusion imp-
roves optimal utilization in plant based protein diet for fish
thereby enhancing fish growth, leading to maximum profit
in aquaculture. Therefore, inclusion of dietary phytase will
play a major and significant role in increasing the level of
production and utilization of plant protein based atrtificial
diet used mostly in the poor and developing nations of the
world.
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Phytase pathway of action

Phosphorous in plants normally remains in an associated
form with a molecule called phytic acid (phytate). Phytic
acid consists of a sugar (similar to glucose) called myo-

inositol, to which phosphate (PO ) groups are covalently
linked. Phytase releases these phosphates from the
inositol ring as shown in (Figure 1) (Baruah et al., 2003).
Release of phosphorus depends on the pH of the intes-
tine. The optimum microbial phytase activity occurs phy-
tase (FTU) is defined as the quantity of enzyme that libe-
rates 1 umole of inorganic phosphorus per minute from



Table 6. Average percentage apparent availability of phosphorus determined for catfish using dietary phytase.

Feed Stuff Non Supplemented Phosphorus Availability % Supplemented Dietary phytase Average) diet %
Wheat middling 28 40
Corn 25 38
Soyabean meal 50 75
Cotton seed meal 43 56
Ground nut cake 46 70
Palm kernel cake 36 46
Sorghum 31 42
Jack been 38 47

Source: Yan and Reigh (2002)

Table 7. Average apparent protein digestibility coefficients of phytase supplemented and non-supplemented

Atlantic Salmon diet.

Feed stuff Non supplemented (digestibility) % Phytase supplemented digestibility %
Corn 60 72
Cotton seed meal 61 84
Soya bean meal 75 89
Wheat bran 68 82
Rice bran 68 78
Ground nut cake 70 82
Sorghum 63 80
Palm kernel cake 69 76

Source: Debnath (2003).

0.0015 mol/L sodium phytate at pH 5.5 and 37 C (Von
Sheuermann et al., 1988).

Roles of dietary phytase in fish feed formulation

The important roles of dietary phytase as veritable option
in the preparation of least cost diets from locally available
and cheap plant protein sources cannot be overempha-
sized. The use of phytase may revolutionise the future of
aquaculture industry, world-wide. This is because fish
meal, a major source of protein in aquafeed is produced
from fish caught from the wild. With the rapid depletion of
fish in the wild and stocks reaching its maximum biologi-
cal limits, the aquaculture industry is already in crisis.
Hence the need for plant based protein sources as viable
alternative.

The roles of phytase in plant protein based diets are as
follow:

Increased bio availability of phosphorus and other
minerals

Phytic acid is reported to chelate metal ions such as
calcium, magnesium, zinc, copper and iron to form and
secondly at pH 2.5 (Simons et al., 1990) . One unit of at
two pH values; the highest activity being at pH 5.0 - 5.5

insoluble complexes that are not readily absorbed from
the gastrointestinal tract of fish (Hendricks and Bailey,
1989).

Microbial phytase is effective in enhancing the bioavai-
lability of phosphorus considerably, thereby reducing the
faecal phosphorus output (Baruah et al., 2004). It also
improves the apparent absorption of magnesium, zinc,
copper and iron in plasma, bone and the whole body of
fish (Vielma et al., 1998). Yan and Reigh (2002) further
assert that phytase supplementation at 500 units per
kilogram of diet was sufficient to improve the retention of
calcium phosphorus and manganese by catfish, Ictalurus
punctatus fed on an all-plant protein diet (Table 6).

Improvement of protein digestibility

Phytase supplementation in fish diet has been reported to
improve protein digestibility and retention (Storebakken et
al., 1998). It was further confirmed by Debnath (2003)
that apparent net protein utilization and digestibility in At-
lantic Salmon was significantly improved by the enzyme
supplementation (Table 7), while non-enzyme supple-
mented groups showed a low digestibility. Many researc-
hers (Kornegay, 1995; Vielma et al., 1998; Baruah et al.,
2004) have also observed that phytase-supplementation
in plant-based practical diets has been reported to increa-



Table 8. Growth response of Clarias gariepinus fed on phytase treated soybean meal based diet.

Parameter Rate of phytase inclusion (%)

0 2 4 6 8 10
Mean Initial Weight (g) 7.25 7.28 7.28 7.39 7.40 7.60
Mean final Weight (g) 10.32 12.41 14.32 17.92 18.11 19.01
Mean weight gain 3.07 5.13 7.04 10.53 10.71 11.41
Feed Conversion Ratio (FCR) 16.28 9.74 7.10 4.73 4.66 4.38
Specific growth rate (SGR) 0.14 0.24 0.33 0.50 0.51 0.54

Source: Van Weerd et al. (1999)

Table 9. Physico-chemical conditions of farm effluents in rainbow trout tank culture fed

phytase treated soyabeans meal with untreated diet.

Parameters Phytase treated diet | Untreated diet
pH , 6.7 6.0
Dissolved Oxygen (D.O mg L 3.3 1.1
NHs-N (mg L™ 0.18 2.01
NOz -N (mg L ™) 0.02 0.09
PO:> (mg L™ 0.6 3.01

Source: Hassan (2001).

se protein digestibility by breakdown of phytin-protein
complexes.

Enhancement of fish growth and performance

Incorporation of microbial phytase, in the diet of fish fed
predominantly on plant based protein, have been repor-
ted to result in increased weight gain in |. punctatus
(Jackson et al., 1996). Weight gain and feed consumption
was increased by 23.52 and 11.59 percent, respectively
compared to a control group in Pangasius pangasius
(Debnath, 2003). Also Van Weerd et al. (1999) observed
that African catfish, Clarias gariepinus performed better
on phytase supplemented diets (Table 8).

Reduction of incidence of aquaculture pollution

The environmental impact assessment of the aquaculture
industry is getting increasing attention and rigorous restri-
ctions are being set on this industry by governments and
environmentalists (Baruah et al., 2004). Given the fact
that feed is the biggest source of nutrient loading in aqua-
culture production, a clear understanding of its impact is
essential for sustainable development either in intensive
or semi-intensive aquaculture (Hassan, 2001). Most disc-
harge of farm effluents is majorly phosphorus, which
leads to eutrophication.

Dietary phosphorus in plant protein source is generally
unavailable to finfish, hence, making fish to excrete pre-
dominantly phosphorus in soluble and particulate forms.
These soluble forms of organic phosphorus and phos-

phates affect water quality directly (De Silva and Ander-
son, 1995). However, addition of microbial phytase in the
diet of fish overcome this problem (Table 9), by making
the chelated phosphorus available to fish and lessen fae-
cal excretion thereby reducing environmental pollution
(Alvarado, 1997; Hassan and Ahmed, 2001; and Baruah
et al., 2004).

Enablement of least cost feed formulation

Least cost feed is a feed formulation in which there is
optimum utilization of the contents of feed ingredients by
careful combination resulting in maximum vyield at mini-
mal cost (De Silva and Anderson, 1995) . It involves pro-
duction of feed at the most cost effective level in terms of
resources -material, time, energy and money by minimi-
zing input while maximizing output (Sadiku, 2003). Inclu-
sion of phytase in fish diets have over the years enabled
the fish nutritionists to formulate a cheaper feed based on
plant source protein. Protein from plants origin is cheaper
and readily available, and easily accessible than the ani-
mal protein sources. Despite its cheapness their inclusion
in fish feed formulation is limited due to some activities of
anti-nutritional factors. But with inclusion of phytase whi-
ch reduces the effects of these anti-nutritional factors the
plant protein sources can be maximally utilized. Fish
nutritionist can therefore, formulate and produce feed,
majorly, from plant source ingredients which is far chea-
per than the fish meals, thereby reducing the cost of feed,
which will ultimately leads to profit maximization in the
entire farming enterprise.



Conclusion

Heavy dependence on plant based feed in aquaculture is
inevitable in the nearest future as this is essential to the
sustainability of this industry. Increasing demand for
fishmeal by the livestock and poultry, industry, coupled
with declining harvest of fish stock from the wild, demand
that fish nutritionists find alternative sources of qualitative
fish feed that will enhance fish performance in aqua-
culture practices. This now shifts the emphasis on plant
source protein as a viable option. On the other hand,
plant ingredients limited by the presence of phytic acid,
which makes the phosphorus unavailable, thereby limit-
ing their inclusion levels in most fish feed formulation, can
be maximally used in fish formulating by adding dietary
phytase. However it is evident that phytase supplemen-
tation improves the bioavailability of the phosphorus and
nitrogen (protein) which leads to reductions in feed costs.
Therefore awareness of the efficiency of these enzymes
has to be created among fish culturists, as an effective
and efficient approach in the formulation of cost effective,
growth promoting and low polluting fish feed for profitable
aquaculture venture.
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