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SUMMARY

The effect of different protein and energy levels in the diets on the retention
of both major (Ca,P,K,Na,Mg) and trace-elements (Fe,Cu,Zn,Mn) was
investigated on a total of 200 tilapia fish (O.niloticus), weighing 10gm each
during a growth period of 10 weeks. Fish were fed on nine experimental
diets having three levels of protein (28 ,32 ,36%) and energy (10,12,15
Mj/Kg digestible energy) and a control one. Experimental diets were tested,
each for two replicates of aquaria. The ash retained in the fish body increased
as the level of protein increased, while decreased as the level of dietary
energy increased. The dry matter retained in the body increased as the energy
level in the diets increased. Increasing the crude protein content of the diets,
increased the retention level of calcium, phosphorus and potassium in the
body of tilapia, while decreased as the energy levels increased. High retention
values of Ca was found at 36% protein and 12 Mj/Kg DE, while for P and K
were recorded at 32% protein level and 10 Mj/Kg DE. There was no
significant (P>0.05) differences between treatments in the retention of Ca, P
and K due to the effect of the protein and energy levels of the diets. The
amount of sodium retained in the body of fish was decreased with increasing
energy level. High retention value of Na was found at 32% protein and 10
Mj/Kg DE with utilization efficiency of 8%. Magnesium retained in the body
of tilapia increased as the levels of protein and energy increased in the diets.
High retention "value of Mg was found at 36% protein and 12 Mj/Kg DE
with utilization efficiency of 12%.Increasing protein level in the diets resulted
in increased retention of all trace elements (iron, copper, zinc,and
manganese), but decreased at the high level (36%). The rising energy supply
reduced the retained amount of the trace elements. All trace elements gave
good retention in the body of tilapia with 32% protein and 10Mj/Kg DE
except Fe at 36% protein and 12M;j/Kg DE. High retention value was found
for zinc and low retention value for Mn and the utilization efficiency of trace
elements ranged from 1% to 39%. On average, the amount of retained
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elements per Kg (on dry basis) of tilapia fish body were : 20.94g Ca, 16.34g
P, 8.52g K, 0.95g Na, 1.51g Mg, 13.6mg Fe, 1.91mg Cu, 200.9mg Zn and
1.25mg Mn. It could be concluded that, the retention of minerals were not
significantly (P>0.05) affected by the level of dietary energy, while
significantly (R<0.05) affected by the level of the dietary protein especially
with Na, Fe, Zn and Mn. Among all the major elements, calcium, phosphorus
and potassium supply in the feed are of major importance, while for trace
elements, iron and zinc of the diets should be taken into consideration in
view of the very high retention rate.

Key words: Tilapia Fish - Protein - Mineral retention

INTRODUCTION

All forms of aquatic animals require inorganic elements ,or minerals
for their normal life processes.Fish ,unlike most terrestrial animals can absorb
some minerals ,not only from their diets but also from their external aquatic
environment in both fresh water and sea water .Inspite of new developments
in mineral nutrition of fish, data on inorganic elements has been confined to
osmoregulation toxicity and related physiological functions. Although a
wide range of functions has been established for the essential elements for
domestic animals and humans ,information available on fish is fragmently and
incomplete and a few papers are available on the metabolism of major and
trace-elements in fish.Relatively little is known about the uptake,
function,and biological availability of many trace elements.The most
commonly used measure of nutritional status is the level of trace elements in
the blood,muscle liver and bone. For many essential elements there is a range
of tissue levels compatible with optimum growth and function. The level of
mineral intake influences tissue concentration ,which causes a gradual decline
in the function of an organ until deficiency occur. Metabolism in fish differs
markedly from that in mammals and poultry especially because of the
aqueous environment ,the metabolism adapted to it, and a differing carcass
composition. The retention of minerals in the body of aquatic organisms
depends on feed source,total energy and nutrients supply, interactions with
the environmental water ,species ,stage of development and physiological
status of the animal (Lall, 1989). Different species of fish and strains within
species vary significantly in the nutritional content of the carcass (Reinitz et
al, 1979; Refstie and Austreng, 1981). Although fish have the ability to

75



Assiut Vet. Med. J. Vol. 38 No.76, January 1998

derive certain elements from the surrounding water,both practical and
purified diets require mineral supplementation. Purified diets without mineral
supplements result in a loss of appetite, growth depression, and high
mortality (Ogino and Kamizono, 1975). The importance of mineral
supplements in practical diets has also been emphasized by Arai et al. (1975)
Diet containing high level of total minerals (ash), particularly calcium,must
be supplemented with trace elements. An imbalance of dietary minerals in
certain diets predispose the salmon to bacterial kidney disease under specific
environmental conditions (Lall, 1985) .A good knowledge of the carcass
composition of fish allows the optimum feeding rations to be determined as
well as an optimal nutrient conversion in connection with the quality of
consumers. The distribution of many essential and toxic elements in various
aquatic organisms has been reported,but the complete inorganic elements
composition are known for only a few species .

In this study ,tilapia fish (O.niloticus) were fed on varied protein and
energy diets to investigate the influences on the retention of some major
(Ca,P,K,Na,Mg) and trace-elements (Fe,Cu,ZnMn) in the whole body of
tilapia in order to assess what constitutes an adequate supply for tilapia in
the diets.

MATERIALS & METHODS

A-Fish :

A total of 200 fish (O.niloticus) of an average 10 gm body weight
were obtained from the River Nile. 180 fish were distributed randomly into
18 groups (10 fish each) stocked in 18 aquaria to be adapted for the medium
two weeks before the experiment, while the rest (20 fish) represented the
blank group. Each aquarium was supplied with dechlorinated tap water and
provided with continuous aeration .Water temperature was checked daily
,and it was ranged from 25 to 26°C ,dissolved oxygen was kept at 3.9mg/L ,
pH value at 8.3 and the contents of Ca Mg ,Cu ,Fe & Zn were 97 ,30,0.1
,0.07 & 0.6 mg/L water respectively.

B-Diets:

Fish in aquaria were given nine different feed mixtures having three
graded levels of both crude protein (28%,32% and 36%) and energy (10, 12
and 15 Mj/Kg DE/Kg).The experimental diets were formulated from fish
meal, corn ,soybean meal ,wheat bran and fish oil as shown in table (1). The
nine diets were supplemented with the same level of mineral or vitamin
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mixtures, and tested with the nine groups of fish, each consisting of two
replicates. Fish were fed twice daily to satiation and the amount of feed
supplied to each aquarium was recorded. The amount of the major and trace-
element intakes (g/Kg body weight) were calculated (Table, 2). The
experiment was durated for 10 weeks .

C-Preparation of the samples:

At the beginning of the trial, the 20 fish of the blank group were
killed without losses and kept frozen to be analysed at the end of the
experiment. The same was done with the nine experimental groups at the end
of the trial For preparation of the samples ,the deep frozen fish of each group
were cut into pieces by the use of ribbon saw ;repeatedly forced through a
mincer and homogenized in a mixer.

D-Proximate analysis:

After dry matter determination ,samples of the diet and fish were
ashed in a muffle furnance at 480°C for about 48h (Kirchgessner and
Schwarz , 1986). After weighing for ash determination ,the samples were
taken up with 6N HCI and rinsed each in 100 ml volumetric flask.Calcium
,sodium and potassium were measured using flame photometer .Magnesium
,zinc,copper ,iron and manganese were measured using an atomic absorption
spectrophotometer, in 0.6N HCI solution.

E-Statistical analysis:

Data were analysed by Analysis of Variance (ANOVA) using the
SAS ANOVA procedure (Statistical analysis system, 1988). Duncan’s
multiple range test was used to compare differences among individual means.

RESULTS
The obtained results were summarized in Tables (2-9).
DISCUSSION

Tables (3 ,4&5) show the mean contents of major and trace-elements in
the whole body of the nine groups of tilapia (O.niloticus) at the end of the
experimental period.

In these results,the crude ash content of fish body decreased when the
level of energy increased, while increased as the level of protein increased in
the diets, a result similar to that recorded by Zeitler et al. (1984).
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The data shows that calcium and phosphorus contents of whole body
were increased with increasing crude protein levels and decreased as the
energy levels of the diets increased. It is clear that there was a positive
correlation (r=0.60) between Ca , P contents of the body and protein
contents of the diets, but there was negative correlation (r=0.35) between
both Ca and P in the diets and in the body of fish . This corroborates the
results of the experiments on carp by Pfeffer et al. (1977) and also with that
recorded by Muller and Kirchgessner (1974) on other farm animals such as
piglets. Meanwhile,the rising in energy supply, reduced the content of both
Ca and P in the carcass of carp (Kirchgessner and Schwarz, 1986). The
retained amounts of both major and trace elements in the body of tilapia for
each group and for all groups are shown in Tables (6 &7). There was no
significant difference (P>0.05) between the treated groups in the Ca and P
retention due to effect of protein and energy.High retention value of Ca was
found at levels of 36% protein and 12 Mj/Kg DE with utilization efficiency
of 18%, while for P at 32% protein and 10 Mj/Kg DE with utilization
efficiency of 26% (Table, 8).

However,increasing protein content of the diets resulted in an increase
in the contents of potassium (K) in the whole body of tilapia, while the
reverse was recorded with the energy levels. There was no significant
difference (P>0.05) between treatments in the K retention due to effect of
dietary protein and energy levels. There was positive correlation (r=0.50)
between K in the diets and body of fish. High retention value of K was
found at levels of 32% protein and 10 Mj/Kg DE with utilization efficiency
of 15%.

For sodium element, the content of the body decreased with increasing
protein level in the diets, while increased as the energy level increased. Also,
there was a. significant (P<0.05) effect for dietary protein and energy levels
on the Na retention in the body. High retention value for Na was recorded at
32% protein and 10 Mj/Kg DE with utilization efficiency of 8%. There was a
negative correlation (r=0.50) between Na in the diets and fish body.

Magnesium content of the body decreased with increasing the energy
content of the diets. There was no significant difference (P>0.05) due to
protein and energy effect on the Mg retained in the fish body as shown in
Table(7). Good retention of Mg at levels of 32% protein and 12Mj/Kg
DE.There was negative correlation (r=0.36) between Mg in the diets and
body of tilapia.
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With increasing protein content of the diets ,the amount of iron (Fe) ,
manganese (Mn) ,copper (Cu) and zinc(Zn) were increased,but decreased at
high level of protein (36%). Also, the dietary energy had the similar effect on
Fe, Cu, and Mn contents of the body. A significant effect (P<0.05) for the
protein, while non significant (P>0.05) effect for energy levels was recorded
on the Fe, Cu, Zn and Mn retained in the fish body. There was a negative
correlation (r=0.71) between trace elements (Fe, Mn, Cu, Zn) in the diets and
in the body of tilapia fish. High retention of Cu, Zn and Mn was found at
levels of 32% protein and 10 Mj/Kg DE, while for Fe at 32% protein and 12
Mj/Kg DE. Also,in piglets,the retention of these trace elements shows only a
partial or no dependance on the amount of protein supplied (Kirchgessner
and Muller, 1974).

There was no significant (P<0.05) difference in the ash retention of fish
body due to the effect of protein and energy levels of the diets. With
increasing protein and energy levels of the diets ,dry matter retained in the
body non significantly (P>0.05) increased, but it diminished at the high level
of protein (36%).

In these results, if the minerals retained are compared to the amount
supplied with the diets (Table, 8), feed utilization efficiency of about 2-26%
was calculated under the given conditions for the major elements (Ca,P K
,Na and Mg) and 1-39% for the trace elements (Fe,Cu, Zn and Mn). These
values are lower for major elements (20-50%) and higher for trace
clements(1-6%) when compared with the utilization of carp as reported by
Kirchgessner and Schwarz (1986 ).The very low utilization may be
connected to the relatively high mineral contents of the feed mixtures used.

Table (9) gives an additional survey on the mean contents and retained
major and trace elements in all analysed fish . Values in terms of g/Kg dry
matter and g/100g crude ash are distinctly comparable to data in terms of
fresh matter. The mean Ca content in tilapia (8.7g/Kg wet basis) is
considered to be rather high as compared to data with carp of 3-6g/Kg
(Pfeffer et al., 1977; Pfeffer, 1978; Pfeffer and Mesk, 1979; Kirchgessner and
Schwarz, 1986) Rainbow trout have clearly lower values of about 3g/Kg
carcass (Pfeffer and Potthast, 1977; Pfeffer , 1978). The phosphorus content
in the whole body of tilapia (5.7g/Kg wet basis) is high as compared with the
phosphorus content in the carcass of carp, 4.3g/Kg (Pfeffer, 1978), 5.02g/Kg
(Kirchgessner and Schwarz , 1986). Ogino and Takeda ( 1976) found
similarly high Ca and P contents in the carcass of small carp (5-12g/Kg). The
contents of magnesium (0.67g/Kg wet basis), and potassium (3.7g/Kg) in the
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whole body of tilapia are higher than values in the literatures quoted for carp,
0.21g/Kg, 1.76g/Kg (Pfeffer, 1978), 0.25g/Kg, 2.05g/Kg (Kirchgessner and
Schwarz , 1986) for magnesium and potassium respectively. However
,rainbow trout seem to retain less magnesium (0.26g/Kg) and potassium
(2.41g/Kg) than tilapia fish in this study (0.48g/Kg for Mg ,2.82g/Kg for K)
as found by Pfeffer (1978).

Among the analysed trace elements in this study, zinc had the highest
concentration in the body of tilapia (95.5mg/Kg ) ,while the iron ,copper and
manganese contents are lower 7.0, 0.61 and 0.67 mg/Kg (wet basis)
respectively. The carcasses of carp and rainbow trout had high content of
these elements but the zinc concentration was the least compared to the
present study as found by (Ogino and Yang, 1978, 1980; Kirchgessner and
Schwarz, 1986).

From the analysed mineral contents during the growth period in this
study ,it is possible to establish the major and trace elements retained per Kg
weight gain (Table,9). The mean retention per Kg gain is:Ca 9.10g, P 6.16g,
K 3.61, Na 0.23, Mg 0.62¢g, Fe 6.07mg, Cu 0.78mg, Zn 90.22mg, and Mn
0.62mg.The values in this study are higher for Ca, P, K, Mg, Zn, Mn and
lower for Na, Fe, and Cu than that found in carp by Kirchgessner and
Schwarz (1986) and in rainbow trout by Frenzel (1980).

It could be concluded that ,good retention of Ca and Mg was found at
levels of 36% protein and 12 Mj/Kg DE, while P,K and Na was recorded at
32% protein and 10 Mj/Kg DE. For trace elements, highest values of
retention for Cu, Zn, and Mn were found at levels of 32% protein and 10
Mj/Kg DE, while for Fe at 32% protein and 12 Mj/Kg DE.
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