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ALTERNATIVE PROTEIN SOURCES AS SUBSTITUTES
FOR FISHMEAL IN THE DIET OF YOUNG TILAPIA
OREOCHROMIS NILOTICUS (LINN.)

Johnny O. Ogunji* and Manfred Wirth

Institute of Freshwater Ecology and Inland Fisheries, Department of Inland Fisheries,
Miggelseedamm 310, D-12587 Berlin, Germany

(Received 22.2.01, Accepted 2.5.01)

Abstract

Fifteen test diets were theoretically formulated to contain 33.32% dietary protein, dry matter, using
a mixture of alternative protein sources and fishmeal in various proportions. Test diets were fed to
fingerlings (initial weight 3.2+0.2 g) in triplicate tanks for eight weeks at 5% body weight per day in
three portions. At the end of each experimental phase, fish carcass from the feeding groups was
homogenized. Freeze-dried samples of fish at the beginning and end of the experiments as well
as samples of the test diets were analyzed for proximate composition. Fish fed diet 1 containing
43% fishmeal recorded the highest weight gain, highest specific growth rate (SGR, 3.46%/d) and
lowest food conversion ratio (FCR, 1.11). When part of the fishmeal was substituted with 18% soy-
bean meal and 5% blood meal (diet 8), SGR and FCR were 3.02%/d and 1.34, respectively, not
significantly different from diet 1 at 0.05 probability. Results showed that proper combination of
alternative protein sources can provide 42-45% of the protein required by Oreochromis niloticus
(33.32% dietary protein, dry matter). In such a combination, soybean meal can replace up to 25%
of the fishmeal as a protein source. Blood meal exceeding 6%, groundnut cake beyond 10%, soy-
bean meal above 20%, and wheat bran beyond 10% retarded fish growth. High mortality was gen-
erally observed when these levels were exceeded, even in only one of the protein sources.

Introduction
One of the major problems confronting the fish nutritionists have tried to use less expensive
farming industry is the increasing cost and plant proteins to partially or totally replace fish-
short supply of fishmeal (an important ingredi- meal. The high protein level required by fish for
ent in fish feed) and other animal protein maximum growth has been established.
sources. Toreduce the costs of fish production, Growth of fishes and utilization of feed are
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reported to be optimal with proteins of animal
origin, mainly fishmeal, with high nutritive value
(Dabrowska and Wojno, 1977). The high price
of fishmeal and shortage on world markets
have made it necessary to look for substitutes
(Tacon and Jackson, 1985; Webster et al.,
1992).

Unfortunately, attempts to replace the fish-
meal component of practical fish feeds with
alternative protein sources have resulted in
variable success and generally led to reduced
feed efficiency and growth (Tacon and
Jackson, 1985). Groundnut has proved to be
an acceptable protein source at a low inclusion
level but growth decreased rapidly as this level
was increased in the diet of tilapia Oreochromis
mossambicus (Jackson et al., 1982).
Omoregie et al. (1991) reported that feeds for
O. niloticus can contain limited amounts of cas-
sava peelings and mango seeds as partial sub-
stitutes for fishmeal at marginal levels. In spite
of limited success, the formulation of feeds
containing high levels of plant proteins has
become an important objective in fish nutrition
research. Attempts to reach substitution levels
of more than 50% of the fishmeal protein, by
mixing two or more alternative protein sources,
have been scarce although some of the results
look promising (Jackson et al., 1982; Smith et
al., 1988).

The essential amino acid compositions of
alternative protein sources for fish are not com-
parable with that of fishmeal. The apparent
chemical score data show that there is no sin-
gle foodstuff that can serve as an alternative to
fishmeal (De Silva and Anderson, 1995).
However, combining different alternative pro-
tein sources which possess different limiting
amino acids has been strongly suggested
(Jackson et al., 1982; Tacon and Jackson,
1985). The objective of this study was to
assess the suitability of soybean meal, ground-
nut cake, wheat bran, and blood meal to par-
tially or fully replace fishmeal in the diet of O.
niloticus (Linn.).

Materials and Methods
Fifteen test diets were theoretically formulated
to yield a protein content of 33.32% dry matter
(dm). Pearson squares was used for the calcu-

lation (De Silva and Anderson, 1995). The
proximate compositions of the diets are pre-
sented in Table 1. The estimated optimal
requirement for O. niloticus is 33.32% dietary
protein dm (related to fishmeal; Ogunji and
Wirth, 2000). Fishmeal, soybean meal (indus-
trially processed), blood meal, groundnut cake
and wheat bran at varied proportions were
mixed in each diet. Cracked soybean seeds
(Soja schrot from the Institute of Animal
Nutrition, Leipzig, Germany) were used in diets
13, 14 and 15. The soybean was heated for 60
minutes at 105°C (Viola et al., 1983) in an oven
to deactivate trypsin inhibitors capable of inter-
fering with protein digestion. The heated soy-
bean was then homogenized. All dry diet com-
ponents, including the vitamin and mineral mix-
ture, were thoroughly mixed with sunflower oil.
Water was added and the feed pressed into
pellets of 1 mm diameter. The feeds were
stored in a refrigerator at 5-7°C until used.

Fifteen fingerlings (initial weight 3.2+0.2 g)
were stocked in each of the experimental tanks
(28 x 28 x 51.5 cm). Feedings of the experi-
mental diets were carried out in triplicate. The
fish were weighed every two weeks and the
quantity of food adjusted accordingly.
Experimental tanks were cleaned regularly.
Conductivity, pH, oxygen concentration and
water temperature were measured three times
every week. The water was well aerated and
oxygen saturation kept above 60%.
Temperature was maintained at 27+1°C
throughout the experiment.

Due to an insufficient number of experi-
mental tanks, this study was carried out in
phases. At the end of each experiment the fish
were measured. Twenty individuals from every
feeding group were taken, their intestines
removed and the carcass homogenized.
Freeze-dried samples of fish at the beginning
and end of the experiments as well as samples
of the test diets were analyzed for proximate
composition. The diet ingredients were also
analyzed. Every analysis was duplicated.
Protein (N x 6.25) was determined by the
Kjeltec System (Tecator) and crude fat by
Soxtec System HT (Tecator) using petroleum
ether. Ash was determined by burning in a muf-
fle furnace at 750°C for 4 hours. Oxygen bomb
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calorimeter (Framo-MK 200) was used to
determine gross energy at two replications per
sample. The mineral content in the samples
was not analyzed. To estimate the amino acid
concentrations of the samples, 5 mg of the
freeze-dried samples were hydrolyzed with 6N
HCI at 110°C for 24 hours. No protecting
reagents were added to avoid destruction of
sulphur amino acids. The hydrolyzed samples
were neutralized with 6N NaOH and 200 pl of
the neutralized sample was freeze dried to
allow storage of the samples until amino acid
analysis. Amino acids were extracted in the
samples with 1000 pl extraction buffer (80%
methanol, 20% water). 50 ul internal standard
(2 pg homoserine; Riedel et al.,, 1988;
Algermissen et al., 1989) was added to 500 pl
extracts in a reaction vial and transferred to an
Autosampler for mixing and injection. The fol-
lowing Merck/Hitachi HPLC equipment were
used for the analysis: AS-400 intelligent
Autosampler, L-6200 Intelligent pump, F-1080
Fluorescence Detector, L-5025 Column
Thermostat and D-6000 HPLC Manager.
Nova-Pak C-18 4 pm 3.9 mm x 300 mm
Column (Waters) was used. The system was
calibrated using amino acid standard solution
obtained from SIGMA (Product No. A9906).

All statistical analyses were carried out by
the Duncan multiple range method using SPSS
for Windows (version 9). From the experimen-
tal data obtained, weight gain, specific growth
rate (SGR) and food conversion ratio (FCR)
were calculated. FCR = food fed/live weight
gain; SGR = (In W5 - In W1/T,-T1) x 100 where
W, = final weight of fish, W1 = initial weight of
fish and T, and T = time (day); Protein to ener-
gy ratio (P/E ratio) was calculated as mg pro-
tein/kJ gross energy.

Results
Chemical compositions of the feed mixture.
The nutrient contents and amino acid composi-
tion of the diet ingredients are presented in
Table 2. The amino acid contents of cracked
soybean seed decreased after heat treatment.
The amino acid concentrations of blood meal
were higher than that of fishmeal. Protein con-
tent of the test diets (formulated to yield
33.32%) ranged 28.98-37.94% at proximate

analysis (Table 1), however, conclusions in this
work were made based on dietary protein lev-
els of 30.24-35.94% (33.26+1.95). The fat con-
tents of the test diets ranged 4.68-17.56%. The
diets formulated with heat treated soybean
seed (13, 14, 15) had lower fat contents. The
amino acid compositions of the test diets are
presented in Table 3. The amino acid composi-
tion of diets 2, 8 and 13 are relatively similar but
slightly lower than that of diet 1, especially
regarding the essential amino acids. The com-
position of diet 4 appeared highest in amino
acids. The energy contents of the test diets
ranged 20.76-22.68 kJ/g (Table 1) while the
protein to energy ratios were 13.41-17.03
mg/kJ (Table 4).

Feed performance. Growth data, FCR,
protein to energy ratio and mortality of fish fed
different test diets are presented in Table 4.
Fish fed diet 1 (containing 43% fishmeal) per-
formed best. They gained an average weight of
19.51 g (593.0%) in eight weeks. The SGR and
FCR were 3.46%/d and 1.11, respectively, with
only 2.2% mortality. Among the other treat-
ments, diets 2, 8 and 13, containing 24-26%
fishmeal, performed best. The FCRs in fish
groups 2, 8 and 13 were not significantly differ-
ent from group 1 while the SGR of group 1 was
not significantly different from group 8 but dif-
fered from groups 2 and 13. Diet 1, with a high-
er proportion of fishmeal, was readily accepted
and consumed by the fish. Diet 6, containing
20% blood meal and 25% soybean meal, was
the least consumed (11.64 g per fish). Though
the amino acid composition of diet 4 seemed
best when compared with other diets (Table 3),
it did not enhance fish performance. The SGR
and FCR of this group were 1.11%/d and 4.43,
respectively. The highest mortality (66.7%)
was in fish fed diet 7.

Discussion
The crude fat content of the test diets (4.68-
17.56%) did not seem to influence the perfor-
mance of the fish in this study. In his study,
Hanley (1991) noticed that increasing the
dietary lipid level in feed for Nile tilapia (O.
niloticus) from 5 to 12% produced no significant
effects on growth rate, FCR or protein gain.
According to NRC (1993), no definite percent-
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age of dietary lipids can be given for fish diets
without considering the type of lipid as well as
the protein and energy content of the diet. It
may therefore be concluded that only the
dietary protein content, and not the dietary fat
or energy content, influenced the fish perfor-
mance in this study.

After heat treatment, amino acids in the
cracked soybean seed (Soja schrot)
decreased in concentration. Lysine, leucine
and arginine, among other amino acids, were
lost in the range of 11.45%, 12.98%, and
9.96% (dry matter), respectively (Table 2). This
agrees with results of Viola et al. (1983) who
observed that soybean meals heated at 105°C
and 17% moisture for 60 and 120 minutes lost
about 10% lysine.

In diet 9, where industrially processed soy-
bean meal provided the entire dietary protein,
fish food intake and fish growth were low, the
FCR was poor and mortality was high (Table
4). Similar results were observed in diet 10. It
has been reported that growth tends to be low
in fish fed diets with soybean meal replacing all
the fishmeal (Jackson et al., 1982; Webster et
al., 1992). According to Shiau et al. (1989),
male tilapia (O. niloticus x O. aureus) fed diets
in which 100% of the fishmeal was replaced
with soybean meal either with or without
methionine supplementation had significantly
lower weight gain, FCR, P/E ratio and protein
digestibility than that of the groups fed diets
containing fishmeal as the sole source of pro-
tein. The essential amino acid (EAA) contents
of all the diets, except for threonine, were suffi-
cient to satisfy the EAA requirements of this
species (Santiago and Lovell, 1988). The
amino acid composition (Table 3) reveals no
great difference between diet 9 and diet 1
(which was formulated with 43% fishmeal and
resulted in the best fish performance).
However, there may be a suboptimal amino
acid balance. The biological value of amino
acids from soybean meal may be lower than
indicated (Murray, 1982). Dabrowski et al.
(1989) stated that amino acid availability, espe-
cially methionine, was reduced if soybean meal
protein was used in excess of 50% of the diet.
It may be possible that diets 9 and 10 were defi-
cient in phosphorous. Substitution of animal

meals, which contain bones, by seed proteins
creates a deficiency in phosphorous, the only
really critical nutrient when fishmeal is replaced
by soybean meal (Viola et al.,, 1988).
Watanabe et al. (1997) suggest that adding
high percentages of soy products in fish diets
can cause unpalatability and unacceptability,
leading to diminished growth. The texture and
taste of test diets are bound to differ with
increasing levels of plant material, also affect-
ing the acceptability of the diets by the fish (De
Silva et al., 1989). In this study, when the soy-
bean meal constituted more than 20% of the
diet, food intake, weight gain, FCR and survival
were negatively affected (diets 6, 7, 9, 10, 11,
14, 15).

Diet 4, formulated with 33% blood meal,
resulted in reduced fish growth, low feed intake
and poor FCR The blood meal used in this
study contained 94.32% protein, 98.14% dry
matter and a better amino acid profile than the
other feed ingredients. While the amino acid
composition of diet 4 seems better than diet 1,
it was lower in isoleucine. Close and Menke
(1986) observed that blood meal protein is of
low quality, has low digestibility, and the amino
acid composition is rather biased, being low in
isoleucine and methionine. Cullison (1979)
noted that blood meal is not very palatable to
most livestock and hence it is not popular as a
protein supplement in livestock feeds. In this
study also, diet 4 was not well accepted. This
may be due to the unpalatable nature of the
blood meal component. At a high dietary inclu-
sion of blood meal, poor performance of fish
was observed (diets 3-7, 11, 12, 14, 15). A
dietary blood meal inclusion rate, not exceed-
ing 6%, may therefore be recommended for O.
niloticus. Fish mortality increased when this
level was exceeded. A high mortality of 42.2%
was recorded in the group fed diet 4 with 33%
blood meal, underscoring the fatal effect of a
high dietary inclusion of blood meal in the fish
diet. Contrary to the results of this study,
Otubusin (1987) obtained good performance in
the same species with a feed containing 10%
blood meal in a cage environment.

When 15% groundnut cake was included in
diet 3, fish growth was relatively depressed.
Inclusion of 5% fishmeal in the diet did not
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improve growth. The reduced fish performance
may be a result of the inadequate protein con-
tent of the diet (28.98%), rather than the effect
of the groundnut cake. However, the amino
acid profile of the groundnut cake used in this
study was extremely poor. Wu and Jan (1977)
reported a very low specific growth rate of
Tilapia aurea fed an all groundnut protein diet.
They associated the poor fish performance to
the amino acid profile of groundnut. Jackson et
al. (1982) reported a rapid decrease in growth
as the level of groundnut inclusion was
increased in the diet of O. mossambicus, a
problem blamed on the low methionine level in
the sample used. Considering the results of the
current study, inclusion of groundnut cake at
about 10% is recommended.

The reason for the high mortality in the
group fed diet 7 (66.7%) is unclear. However,
spoilage of the diet in the course of the experi-
ment (after which a replacement was made)
may have been the cause. Aflatoxin (a toxic
component of groundnut) has been linked to
increased mortality in animal feeding (Lovell,
1989). Adequate storage of fish diets is
required when groundnut or any of its byprod-
ucts is included in the formulation to prevent
spoilage and the development of aflatoxin.
According to Jackson et al. (1982), the limited
information concerning deleterious levels of
aflatoxin to fish species, especially tilapia,
makes it difficult to eliminate the possibility that
this factor may produce sublethal effects dur-
ing growth trials.

None of the foodstuffs under investigation,
except for fishmeal, can solely provide all the
nutrients needed by O. niloticus. This agrees
with the observation of De Silva and Anderson
(1995). Fish fed diets 2, 8 and 13 performed
better than other groups when compared with
group 1. From this observation, it appears that
a proper combination of soybean meal, blood
meal, groundnut cake and wheat bran can pro-
vide the 42-45% protein needed by O. niloticus.
In this combination, soybean alone is capable
of replacing up to 25% of the fishmeal in the
diet. Jackson et al. (1982) tried to substitute
different plant proteins for fishmeal. At low lev-
els of replacement (25%), growth rates were
similar; at higher inclusion rates, the perfor-

mance was considerably reduced. Viola et al.
(1986) showed that tilapia responded very well
to feeds containing plant proteins when they
were supplemented with phosphorus.

When replacing fishmeal, the amino acid
composition of the diet determines the perfor-
mance of the fish at any dietary protein level.
Attention should therefore be paid to the amino
acid profile of alternative protein sources and
the resulting test diets. More investigations are
needed to further this direction of research.
Many alternative protein sources are yet to be
investigated and preliminary results need to be
harmonized. Results of this study have shown
that alternative protein sources, when com-
bined properly, are capable of replacing fish-
meal in diets of O. niloticus.
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