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ABSTRACT

PROTEIN AND ENERGY REQUIREMENTS
OF TILAPIA ZILLII

BY
ABDEL-FATTAH MOHAMED EL-SAYED

This study was conducted in two stages to determine

protein and energy requirement of Tilapia zillii..In the

first stage, 3 experiments were conducted using semipurified
diets.

In the first experiment, 4 isocaloric (350 kcal ME/100q)
diets containing different concentrations of protein (25, 30,
35 and 40%) were formulated and fed to T. zillii to
determine the dietary protein-to-energy (P/ME) ratio
required for maximum growth. The best growth was achieved at
35% crude protein (CP) and a 100 mg CP/kcal.

In the second experiment, 4 semipurified diets
containing different protein (25, 30, 35 and 40%) and energy
(250, 300, 350 and 400 kcal ME/100g) levels at a constant
P/ME ratio of 100 mg CP/kcal ME, were fed to T. zil1ii
fingerlings in experiment 2. This experiment demonstrated
that diets containing 30% CP and 100 mg CP/kcal ME produced
growth similar to diets containing higher protein and energy
levels.

Experiment 3 was conducted to determine the ability of



T. 2i11ii to utilize carbohydrates and lipids as energy
sources. Four isocaloric (300 kcal ME/100g), isonitrogenous
(30% CP) diets containing different ratios of carbohydrates -
to-lipids were formulated. Fish fed diets containing 38%
carbohydrate and 4% 1ipid grew at a rate similar to those fed
diet containing 15% lipid and 12% carbohydrates. These
results indicated that T. zillii can utilize both
carbohydrate and 1lipid at a carbohydrates-to-lipid ratio
ranging from 0.81 to 8.8 at a rate of 2.25:1 commensurate
with the carbohydrates-to-1ipids physiological fuel values
without any significant effect on their growth.

In the second stage of this study, cotton seed meal
(CSM) and sesame meal (SM) were evaluated as dietary protein
sources for T. zillii in practical, isonitrogenous (30% CP),
isocaloric (450 kcal GE/100g) diets.

In experiment 4, CSM replaced 0 (control), 20, 50, 80
and 100% of the total casein-gelatin protein. Diets
containing up to 80% CSM produced growth rates similar to the
control. Despite the sharp reduction in fish growth rates at
100% CSM level, these growth rates were in the range
accepted for intensive tilapia culture.

In experiment 5, SM replaced 0 (control), 25, 50, and
75% of the total protein. T. 2ill1ii fed SM-based diets grew
at lower rates than those fed the control diet and developed
hemorrhages in the mouth area and at the bases of pectoral
and anal fins. Zinc and lysine deficiency in SM were believed

to have caused these symptoms. Experiment 6 was conducted to



test this assumption. SM was added at 15 and 25%. At 25% SM,
diets were supplemented with lysine (0.5%) or zinc (30 PPM)
or a mixture of both. Fish fed the 15% SM and those fed 25%
SM supplemented with zinc or lysine or both grew at a rate
comparable to those fed the control diet. Hemorrhage occurred
in the group of fish fed 25% SM diets without zinc or lysine.
This experiment demonstrated that SM supplemented with lysine

and zinc is an excellent protein source for T. zillii.
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INTRODUCTION

Tilapias (Appendix 1) are among the most widely
cultured fishes in the world, second only to carps (Bardach
et al., 1972). Although originally native to Africa
(Philippart and Ruwet, 1982), about 14 of the 700 species of
tilapia (Fryer and Iles, 1972) have been introduced
throughout the world (Riedel, 1965; Neil, 1966; Chen, 1976).
The introduction of tilapia has been focused on six species
which are of major economic importance. These species are:

Tilapia zillii, Oreochromis niloticus, O. mossambicus, O.

aureus, O. macrochir and Sarotherodon galilaeus.

Tilapia have been raised for human consumption since
the beginning of recorded history. An Egyptian tomb frieze
dated at about 2500 B.C. illustrates tilapia harvest and
suggests that these fish may have been cultured for human
consumption (Bardach et al., 1972). In recent years tilapia
have been promoted for culture, especially in the developing
and underdeveloped countries.

Tilapia have many attributes that make them particularly
well suited for intensive culture. They tolerate a wide
range of environmental conditions without increasing their
susceptibility to stress and diseases (Lovell, 1980; Jauncey
and Ross, 1982). They have a short generation time and can be

routinely bred in captivity (Pullin and Lowe-McConnell,
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1982). Tilapia grow well on low protein diets compared to
other fishes. Most important of all, tilapia feed effectively
on natural aquatic food when reared extensively (at low
densities without nutrient input) as well as on practical
supplemental feeds when reared intensively (at high densities
requiring nutrient input) (Lovell, 1980). Despite these
qualities, the annual production of Tilapia is less than 16%
of the total inland production in the countries producing
them (FAO, 1978). The main reason behind the low production
of tilapia is the lack of knowledge on their rearing and
husbandry. Although they have been reared for centuries in
many countries, the methods and techniques used are primitive
and inefficient (Bardach et al., 1972).

One of the most important and crucial problems facing
tilapia culture is that little information is available on
the basic dietary requirements of many species (Jauncey and
Ross, 1982). Studies on feeding behavior, digestive
physiology, growth biology and metabolic pathways of tilapia
are, therefore, of great importance for iﬁproving their
efficiency of culture (Pullin and Lowe-McConnell, 1982).
Since protein accounts for more than 50% of the total costs
of most commercial fish feeds (Jauncey and Ross, 1982):;
tilapia dietary protein requirements must be accurately and
carefully defined to determine what feed sources are
practically and economically best for tilapia, and what
feeding regimes are most effective.

Tilapia of the genus Tilapia (T. 2illii, for example)
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are herbivorous, feeding to various degrees on filamentous
algae, aquatic macrophytes and vegetable matter of
terrestrial origin (Philippart and Ruwet, 1982). However,
tilapia will feed on feeds of animal origin at times when
aquatic vegetations are limited (Philippart and Ruwet, 1982).

Certain species of the genera Sarotherodon and Oreochromis

are more specialized feeders. Among these, S. galilaeus and
0. macrochir (phytoplankters) are most noticeable (Fryer and
Iles, 1972). Many other species including 0. niloticus, O.

aureus and O. mossambicus are, diversified feeders. These

fish feed on green and blue green algae, phytoplankton,
diatoms, vegetable debris, zooplankton and benthic organisms
(Moriarty, 1973; Moriarty and Moriarty, 1973; Bruton and
Boltt, 1975; Spataru and Zorn, 1978). Generally, qualitative
food preference of tilapia depends on food quantity, quality .
and distribution as well as on the presence of other
competing species (Philippart and Ruwet, 1982). Quantitative
feeding of wild tilapia depends mainly on fish species and
size, food quality, time of day, water temperature and depth
(Caulton, 1982).

Tilapia have been shown to effectively utilize different
protein and energy sources when reared under intensive
culture conditions. They have been successfully grown on
commercial trout and catfish feeds ( Hauser, 1975). It has
also been shown that tilapia can utilize agricultural waste,
human excreta (Edwards, 1985), sewage sludge (Suffern et al.,

1978) and animal waste products effectively (Bayne et al.,
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1976; Kohler and Pagan-Font, 1978; Winfree and Stickney,
1981; Jackson et al., 1982; Jauncey and Ross, 1982). However,
researches on animal and plant products as dietary protein
sources for tilapia are sometimes contradictory. For example,
Goldstein (1970) and Mathavan and Paudian (1976) suggested
that about 10% animal protein is essential in the diets of
tilapia, while sitasit and sitasit ( 1970) reported that O.
niloticus grew best when fed on diets made up primarily of
animal protein sources. Hasting (1973) suggested that animal
protein may not be essential in intensive pond culture of 0.
niloticus. It is obvious that more research is needed in
tilapia nutrition to develop suitable practical diets for
them, using animal and plant wastes, and other unconventional
food resources, especially in the developing nations, where
these sources are available and cheap.

This study was conducted to determine some of the basic

nutritional requirements of Tilapia zillii including their

protein and energy requirements and their ability to utilize
different protein and energy sources. This work was carried
out in two stages. The first stage was designed to determine
some of the basic nutritional requirements of T. zil1lii
fingerlings. Three experiments using semipurified diets were
conducted to achieve the following objectives:

1) To determine the optimum dietary protein and energy
levels required for the maximum growth of T. zil1lii
(experiment 1).

2) To determine protein and energy requirement of T. zillii
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fed diets containing varying protein and energy levels at a
constant protein-to-energy (P/ME) ratio (experiment 2).
3) To study the ability of T. 2illii to utilize carbohydrates
(dextrin) and lipids (cod liver oil and soy bean oil mixture)
as energy sources (experiment 3).

The second stage was carried out to evaluate the use of
cotton seed meal (CSM) and sesame meal (SM) obtained from
Egypt as protein sources in practical diets for T. zillii.
These diets were fed to T. 2ill1ii fingerlings to achieve the
following objectives:

4) To evaluate CSM as a protein source for T. 2zi11ii fed
isocaloric, isonitrogenous diets with varying levels of CSM
(experiment 4).

5) To evaluate the use of SM as a protein source for T.
2illii fed isocaloric, isonitrogenotis diets with varying
levels of SM (experiment 5). )

6) To study the effects of SM supplemented with lysine or
zinc on reducing the pathological effects associated with
feeding SM to T. zillii (experiments 6).



LITERATURE REVIEW

PROTEIN REQUIREMENTS OF FISHES

The protein requirement of fishes is defined as the
lowest amount of dietary protein that can produce the highest
fish growth (Cowey, 1980; Jauncey and Ross, 1982). Protein
requirement could also be defined as the minimum amount of
dietary protein required to maintain the nitrogen balance of
the fish (Gerking, 1955; Savitz, 1969). At maintenance (i.e.
no growth) fish neither lose nor gain any body protein.
Maintenance protein requirements of fishes vary with
environmental factors, especially water temperature (Savitz,
1969), food quantity and quality and feeding rates (Brown,
1946). Gerking (1955) determined the maintenance protein

requirement of the sunfish Lepomis macrochirus by measuring

the endogenous nitrogen excretion (ENE)of the fish force fed
dextrose. Savitz (1969) studied the effect of water
temperature and fish weight on ENE in blue gill. Savitz
(1969) studied the effect of water temperature and fish
weight on ENE in blue gill. He found that ENE was positively
correlated with fish weight and water temperature. He also
calculated a series of linear equations at different
temperatures by plotting Log weight against Log ENE. These
equations could be used to estimate the maintenance protein

requirements at variable ranges of water temperature. Protein

6
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requirement for growth promotion of a cultured fish would be
termed "growth protein requirement". This segment of dietary
protein is affected by several factors, such as: fish
species, sex and size, stocking density, water quality,
culture conditions, diet composition and protein quality and
quantity (NRC, 1977, 1983). Dupree and Sneed (1967) found
that channel catfish required 35% dietary protein at 69°F and
40% at 76 °F. Dupree (1967) found that both protein source
and water temperature affected protein utilization by channel
catfish. Among the different protein sources he used in his
six-week expgriment, Dupree found that a mixture of either
animal protein or animal-plant protein produced the maximum
growth with temperatures ranging from 24 to 31 Oc. Lowering
water temperature to 18 °C resulted in decreasing the protein
utilization. Fowler (1981) fed chinook salmon fry starting
diets coptaining 3 protein levels (50, 53, and 56%) at 2
levels of available energy (345 and 365 kcal/1l00 g diet) to
sasiation. He found that fish survival and growth were
significantly influenced by dietary protein or energy when
they were reared in cold creek water (5.2 °C). When the fish
were reared in warmer well water (12 ©c), their growth and
survival were not significantly affected by the protein or
energy levels in the diets. He assumed that the requirement
for protein and energy was met by the lowest levels used when
the fish were reared in the warmer well water.

The relationship between growth rates of fish and
dietary protein appears biphasic. A linear relationship was
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found at low protein levels fed to catfish (Nail, 1962);
japanese eel (Arai et al., 1971) and carp (Sen et al., 1978).
However, growth rates of these species reached a plateau
after growth protein requirements were met. On the other
hand, studies on Tilapia zillii ( Teshima et al., 1978;

Mazid et al., 1979), Oreochromis aureus (Winfree and

Stickney, 1981), O. niloticus (Teshima et al., 1985b), O.

mossambicus (Jauncey, 1982b) and gray mullet (papoutsoglou

and Alexis, 1986) showed increased growth rates with
increasing dietary protein up to certain levels, then
decreased with further increase in protein levels in the
feed.

Teshima et al. (1978) studied the protein and energy
requirement of Tilapia 2illii fingerlings (1.67 g average
weight). They fed the fish semipurified, isocaloric (3500
kcal ME/kg diet) diets at crude protein (CP) (casein) levels
ranging from 0-65%, at a rate of 4% of their body wet weight
per day for 4 weeks. Optimum weight gain and feed conversion
were obtained at 35-40% CP. Mazid et al. (1979) conducted a
similar study on T. 2illii of a similar size. They fed the
fish semi-purified, isocaloric (364 kcal ME/100 g diet) diets
at 25-65 § protein (casein) levels, at a rate of 10% of their
body wet weight per day, for 3 weeks. The fish required 35%
CP for maximum growth, while 30% protein were required for
maximum protein deposition. Striking differences in growth
and feed conversion (FC) occurred between the study of Mazid

et al. (1979) and that of Teshima et al. (1978). Teshima et
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al. (1978) observed maximum T. 2illii weight gain and FC of
51% and 1.94, respectively, in a 4-week study, while Mazid et
al. (1979) observed maximum weight gains and FC values of
90.55% and 1.2 in a 3-week study. It appeared the results of
Mazid et al. (1979) were inconsistent with the tables in
their study. When thesé results were recalculated, errors
were discovered in their calculations. For example, in
' treatment #3 (35% CP) the initial and final fish weights were
1.8 and 3.42g, respectively. Assuming a linear increase in
fish weight with time, fish weight in weeks 1 and 2 should
have been 2.4 and 2.9g, and the corresponding total feed fed
3.71g. This gives FC of 2.27 instead of the 1.2 reported in
the study. Therefore the conclusion drawn by these workers
regarding protein and P/ME requirement of T. zillii was
questionable.

Jauncey (1982b) fed O. mossambicus (1.83 g ) isocaloric

diets (3.11-3.74 kcal ME/g) with varying protein (fish meal)
levels, at a rate of 6% of their body wet weight per day.
Growth rates increased with increasing dietary protein up to
40 § of the diet, and then declined slightly or leveled off
with further increase in dietary protein. The conclusion
drawn by Jauncey (1982b) may, however, be wrong. He assumed
that his diets were isocaloric; however, the energy contents
of these diets ranged from 3.11 to 3.74 kcal ME/g diet.

The dietary protein requirements for maximum growth of
different tilapias are summarized in table 1. It appears

that tilapia require a wide range of dietary protein,
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depending on the species, size, culture condition and
protein quality. Smaller tilapias require higher dietary
protein requirements than larger tilapias (table 1).

It is not economically practical to use purified protein
sources (e.g; casein, gelatin, crystallized AA) in practical
fish feeds for most phases of commercial fish culture.
However, the use of these purified protein sources may be
justified for short-term phases of fish culture, such as
larval fish rearing where proteins of high quality are
required in these early life stages in order to maximize the
growth and minimize fish mortality.

Inexpensive protein sources must be used for intensive
fish culture. The reduction that may occur in fish production
by feeding inexpensive proteins may be compensated for by
their low cost. Therefore, careful analyses of cost/benefits
of protein sources must be performed to justify their use in
practical fish feeds. Many low cost protein sources for
practical fish diets are available in lesser developed
countries. These protein sources can be divided into three
categories (Jauncey and Ross, 1982):

1) Agricultural by-products of plant origin (including
0il seed meals such as soy bean meal; cotton seed meal;
ground nuts; sesame meal and sun flower), legumes, cereal
grains, algae and seaweeds, bacteria and yeast.

2) Animal by-products including fish meal, fish offal,
feather meal, blood meal, shrimp meal, poultry by-product.

3) Industrial waste products including paper processing
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Table 1. Protein requirements (%) for maximum growth
of different tilapias of various size groups.

Size Protein

Group(g) Range Species Requirement Reference

0.3-0.5 S. aureus >36 Davis & Stickney (1978)

<1l

0.3-0.8 0. niloticus 35-40 Cruz & Laudencia (1976)

0.56 0. niloticus 35 Teshima et al. (1985a)

1.65 T. zillii 30-35 Mazid et al. (1979)

1-3 1-6 O. mossambicus 29-38 Cruz & Laudencia (1976)

3-5 T. zillii 32-40 Hauser (1975).

1.83 O. mossambicus 40 Jauncey (1982).

1.67 T. zi11ii 35-40 Teshima et al. (1978)

1.45 0. niloticus 30-40 Teshima et al. (1985b)

2.5 O. aureus 56 Winfree and Stickney
(1981).

3-6 0. niloticus 25-30 Wang et al. (1985a)

7.5 O. aureus 35 Winfree and Stickney
(1981)

9.0 >6 0. niloticus 25-30 Cruz & Laudencia
(1976) .

14.5 hybrids 20 Newman et al. (1979)
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wastes, dried sludge, fruit processing wastes, vegetable
processing wastes.

Soy bean meal (SBM) and fish meal (FM) are major protein
sources used in practical fish feeds (Lovell, 1980). SBM has
the best plant protein quality (i.e. best essential amino
acid (EAA) profile, Lovell, 1980). FM has the highest quality
among all animal protein sources used in practical fish feeds
(NRC, 1983). However, FM is very expensive and is difficult
to obtain in many countries (Jauncey and Ross, 1982).
However, certain amounts of FM may be necessary in practical
fish feeds, for improving the quality of these feeds. A
minimum of 7.5% FM has been recommended in catfish feed
(Lovell, 1980).

The replacement of FM with SBM in practical fish diets
has been intensively investigated in many species in general,
and in carnivorous fishes, in particular. SBM can be
substituted for FM in practical trout feed. Cho et al. (1974)
found that reducing Herring Meal (HM) from 35 to 18%, while
increasing SBM from 10 to 39% did not cause any adverse
effects on trout growth. Furthermore, Reinitz (1980) found
that decreasing FM to 5% in diets for rainbow trout with
increasing SBM up to 56% did not result in any significant
reduction in fish performance. Further increase in SBM
replacement (above 56%) resulted in depressed growth rates
(Reinitz, 1980; Koops et al., 1976). Similar observations
have been reported on plaice (Cowey et al., 1971) and channel

catfish (Andrews and Page, 1974) where increasing the SBM
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substitution levels resulted in depressed growth rates. In a
study of the replacement of FM with SBM in 0. aureus fed
diets containing various protein levels, Davis and Stickney
(1978) found that at 36 $ dietary protein tilapia grew as
well on all SBM diets supplemented with dl-Methionine (Met)
as they did on all FM protein diets. Pantha (1982), on the
other hand, found that up to 75% of the HM fed to tilapia
0. niloticus could be replaced by fullfat soy bean
supplemented with d,1-Methionine without any adverse effect
on fish growth.

Cotton Seed Meal (CSM) is another important plant
protein source, that has been widely used as a feed
supplement for cattle and poultry (Weiss, 1971, 1983). CSM
contains a reasonably good protein content (26-54%, depending
on the methods of processing) (FAO, 1983; NRC, 1983).
However, CSM has relatively low levels of Cys, Lys and Met
(Jauncey and Ross, 1982). Gossypol (a yellow phenolic
compound contained in cotton seed) is another factor
limiting the use of CSM as a supplemental feed for animals
(Weiss, 1971, 1983; Jauncey and Ross, 1982). Studies on the
effect of gossypol on fish are controversial. While Herman
(1970) reported that 0.03% free dietary gossypol resulted in
suppressed growth rates of rainbow trout, Dorsa et al. (1982)
found that channel catfish can tolerate up to 0.09 § free
gossypol in their diets without any suppressive effect on
growth. Furthermore, Robinson et al. (1984a) studied the

effect of feeding glanded or glandless cotton seed products



14

and free gossypol to O. aureus. They found that up to 0.2%
dietary free gossypol can be tolerated by the fish without
any significant decrease in growth rates. They concluded that
the poor growth of O. aureus fed glanded or glandless cotton
seed products was not related to free gossypol, but may have
'~ been caused by cyclopropionic fatty acids which occur in
cotton seed lipids.

Studies on the use of CSM as a protein source for fish
are limited to salmonids (Herman, 1970, Fowler, 1980),
channel catfish (Robinette, 1981; Dorsa et al., 1982;
Robinson et al., 1984b) and tilapias (Jackson et al., 1982;
Robinson et al., 1984a; Ofojekwu and Ejike; 1984). Fowler
(1980) found that CSM was used efficiently by chinook salmon
and coho salmon at replacement levels of up to 34 and 22% of
the FM, respectively. Dorsa et al. (1982) reported that
diets containing more than 17.4% CSM inhibited the growth
rates of age-0 channel catfish.

Information regarding the use of CSM as a protein source
for tilapia is contradictory and confusing. Jackson et al.
(1982) fed O. mossambicus (13.9 g average weight) diets with

CSM replacing FM at 0.0 (control), 25, 50, 75 and 100% of the
total crude protein. Fish fed the CSM diets up to 50% grew at
a rate similar to those fed the control. Further increase in
CSM resulted in a decrease in fish growth and an increase in
FC. However, Jackson et al. (1982) reported that the fish
grew at a reasonable rate even at a 100% substitution level,

and suggested that CSM be used as the sole dietary protein
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source for O. mossambicus. Conversely, Ofojekwu and Ejike

(1984) found that tilapia Oreochromis niloticus (47.71 g

average weight) exhibited poor growth when fed a range of
CSM-based diets (18.5-19.4% CSM) with protein contents
ranging from 18.51 to 32.38%. They concluded that CSM can not
be used as a sole protein source for 0. niloticus.

Many other plant products including ground nut meal
(Wu and Jan, 1977); Jackson et al., 1982), rape seed meal
(Higgs et al., 1978; Ayeni, 1981; Jackson et al., 1982), sun
flower seed meal (Kamara, 1982; Jackson et al., 1982), copra
meal (Cruz and Laudencia, 1978) and algae and seaweeds
(Fijan, 1969; Mirnova, 1975) have been evaluated as protein
sources for different fish species.

Animal proteins tend to be expensive. They should be,
therefore, used only in small amounts to balance deficiencies
of certain EAA, (Jauncey and Ross, 1982). The responses of
the fish to dietary animal by-product seem to be biphasic.
Higgs et al. (1978) reported that all FM in rainbow trout
diets can be replaced by poultry by-product protein if
precautions are taken to ensure proper EAA balance. Lu and
Kevern (1975) found that channel catfish showed poor growth
when they were fed on a diet containing 30% dry poultry
waste and 70 §$ salmon feed, while gold fish fed on the same
diet grew as well or better than the control salmon diet.
Robinette and Dearing (1978) found that the weight gain of
channel catfish fed shrimp by-product meal was negatively

correlated to the amount of shrimp meal in the diet.
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Sewage sludge and other sludges could be used as a
supplemental protein source for aquaculture. Orme and Lemm
(1973) included dried sludge from the treatment of paper
processing wastes in diets for trout. They found that growth
rate decreased as the percent of sludge in the diet increased
from 0.0 to 50.0 §. However, the fish fed aggressively on
all diets and maintained FC values of 1.45, 1.58 and 1.72
for 0, 25 and 50% sludge, respectively. They concluded that
sludge can be used in trout feed. Suffern et al. (1978)
successfully raised monosex (male) tilapia hybrids (male O.

mossambicus x female O. hornorum) in cages in sewages

oxidation ponds. Fish grew faster than those fed trout feed
at optimum temperature in the laboratory. The annual fish
production from these ponds was estimated at about 222
kg/acre/year. This study indicated that these fish have the
ability to utilize waste-stream-generated plankton
assemblage for food. Anwar et al. (1982) used the activated
sewage sludge as a replacement for CSM/wheat bran mixture in
diets for carp. The best growth rates were achieved at 40%
replacement level. Further increase in dietary sludge up to
70% did not significantly reduce the fish growth. They
concluded that up to 70% sewage sludge can replace CSM/wheat

bran protein in diets for carp.

ENERGY REQUIREMENTS OF FISHES
Energy is needed for the maintenance of all living
organisms. Energy for maintenance and voluntary activities

must be met before energy is available for growth. The amount
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of energy required for growth in fishes (ectotherms) is less
than that required for terrestrial farm animals (homeotherms)
(Lovell, 1979; NRC, 1983) because of the following reasons:
1) Fishes do not expend energy to maintain a constant body
temperature.

2) Low energy cost of locomotion and voluntary activities in
fishes as a result of buoyancy.

3) Ammonia, the main catabolic end product of protein
metabolism in fishes, is excreted via gills requiring little
or no energy expenditure for its formation, concentration, or
excretion (Smith et al., 1978a,b). Terrestrial animals
excrete urea (mammals) or uric acid (birds) which require as
much as 30 § of the metabolizable energy (ME) in order to be
synthesized and excreted (Smith et al., 1978b). Smith et al
(1978b) reported that only 3 to 5 § of ME was lost as heat in
rainbow trout.

PROTEIN AS AN ENERGY SOURCE FOR FISHES

Beside being the main growth promoting factor in fish
feeds, protein can be used as a source of energy. If dietary
energy intake is inadequate, protein will be used for energy
(Cowey and Sargent, 1972, 1979; NRC, 1981, 1983). At high
levels of dietary protein, a proportion of this protein will
be deaminated and the carbon skeleton burned as energy. An
excessive energy intake at moderate levels of dietary protein
will lead to fat deposition (Jauncey, 1982b; NRC, 1983).
Thus, the design of practical fish diets is a compromise
between a protein level that will permit good growth with
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little conversion to energy, and an energy level concommitant
with high rates of protein synthesis, without producing
excessive deposition of carcass lipids. The proper balance
between protein and energy (P/E ratio) in the diet is
essential for the optimum use of that diet. If the optimum
P/E ratio is maintained in the diets, a proportion of dietary
protein and energy can be spared.

Table 2. Calculated energy distribution of protein

catabolized by ammonotelic,ureotelic, and
uricotelic animals. (From Smith et al.,1978).

Fraction Excreted product
Ammonia Urea Uric acid
kcal/g kcal/g kcal/g
Gross energy (GE) 5.7 5.7 5.7
Digestion loss (8%) 0.46 0.46 0.46
Digestible energy (DE) 5.24 5.24 5.24
Metabolic loss 0.72 0.86 1.31
Metabolizable energy (ME) 4.52 4.38 3.93
Heat increment (HI)
Waste product synthesis 0.00 0.51 0.44
Waste product concentra-
tion and excretion 0.00 0.22 0.29
Metabolism of non-nitrogen 0.28 0.28 0.28
Total 0.28 1.01 1.01
Net energy 4.24 3.37 2.92

Garling and Wilson (1976) demonstrated that optimum
P/ME ratio produced maximum growth of channel catfish over a
range of dietary protein and energy. They found that diets
with approximately equal P/ME ratios, which differed in
protein and energy contents, produced significantly different
growth rates. Diets containing 24% protein at 275 kcal/100 g
ME, produced growth similar to diets containing 28% protein
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and 341 kcal ME/100g. These two diets produced growth rates
significantly different from diets containing 36% protein and
407 kcal ME/100g despite that the three diets had
approximately the same P/ME ratio. The authors (Garling and
Wilson, 1976) concluded that "the concept of P/E must be
restricted to diets containing adequate protein and energy
levels". This study clearly demonstrated that when the
optimum P/E ratio was maintained, a substantial proportion of
dietary protein and energy can be saved.

Dietary P/E relationship has been investigated in a
number of fish species under different culture conditions.
Lee and Putnam (1973) fed rainbow trout diets containing
different protein and energy levels. They found that diets
containing 35% protein and 2.96 kcal ME/g produced growth
rates different from diets having approximately the same P/ME
ratio, but containing 44% CP and 3.68 kcal ME/g. With further
increase in protein and energy levels (53.33% and 4.4 kcal
ME/g), at the same P/ME ratio, fish growth and FC were not
significantly different from diets containing 44% protein and
3.68 kcal ME/g. This study indicated that differences in
growth rates were significant only at low protein and energy
levels. Ringrose (1971) fed brook trout diets containing 28
and 32% protein over a range of energy levels. He found that
the fish required 7.5 kcal ME/percent protein.

Poston (1975) studied the effect of dietary protein and
energy on swimming stamina, growth rates and body composition

of brown trout. The fish were fed diets containing 16-74%
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protein and 1.5-4.3 available kcal/g. He found a negative
correlation between FC and dietary protein and between E/P
ratios and both protein consumption and swimming stamina.
Fish fed diets with E/P ratio of 8 kcal/% protein or more,
consumed less protein and had less stamina than those fed
diets with ratios of 6 or less. Papoutsoglou and Alexis
(1986) fed gray mullet isocaloric diets (4 kcal GE/qg)
containing 12.72-60% CP. They found that the fish required
24% protein and 62 mg CP/kcal GE for optimum growth. Feed
conversion continued to improve with increasing dietary
protein and P/E up to 60% and 145 mg CP/kcal. PER and protein
retention were negatively correlated to P/E ratios indicating

that dietary protein was used as energy, when fed in excess.

PROTEIN-TO-ENERGY RATIO REQUIREMENT OF TILAPIAS

The P/E relationship requirement of a number of tilapia
species have been investigated. Variable results were
reported depending on the species, sex and size , diet
composition, feeding levels and culture conditions. Variable
results were also reported by different workers on P/E
relationship of the same species, however, fish size, diets
composition and culture conditions were similar. Teshima et
al. (1978) found that T. 2illii (1.67 g) fed semipurified,
isocaloric diets with variable protein (casein) levels,
required 35-40% protein and 100-114 mg CP/kcal ME for maximum
growth. Mazid et al. (1979) found that T. 2illii of a similar
size and reared under similar conditions required 35% dietary

¥Protein with a P/ME ratio of 95 for maximum growth and 30%
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protein with a P/ME ratio of 81 for maxim protein deposition.
Winfree and Stickney (1981) studied the effect of

dietary protein and energy on the growth of O. aureus at two
different sizes. The fish were fed semipurified diets varying
in protein, energy and P/DE ratios. They found that 2.5 g
fish required 56% protein with a P/DE ratio of 123, while 7.5
g fish (7.5 g) required 35% protein and 108 mg protein/kcal
DE, for maximum growth. They found that diets containing the
same P/E ratio, but differing in their protein and energy
contents, produced different weight gain, FC, and condition

factor. The tilapia O. mossambicus (1.83 g) appeared to

require 40.5% dietary protein with a P/E ratio of 116.6
(Jauncey, 1982b). The fish were fed isocaloric diets (3.11-
3.75 kcal ME/g) varying in protein (white fish) levels.
Specific growth rate (SGR) and protein retention increased
with increasing protein and P/ME ratios up to 40% and 116.6,
respectively, then decreased with any further increase
dietary protein and P/ME levels. It is clear that the test
diets used in Jauncey's (1982b) study were not isocaloric.
The results of this study may have been misinterpreted. In a
series of experiments, Teshima et al. (1985a,b) studied the
protein and energy requirements of O. niloticus. When the
fish (0.56g) were fed casein-gelatin (3:1) diets, they
required 35% protein and 90 mg CP/kcal DE for optimum growth
(Teshima et al., 1985a). When the fish (1.45g) were fed
diets containing casein as the sole protein source, they

required 40% CP with a P/DE ratio of 98 (Teshima et al.,
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1985b). Therefore, O. niloticus fed casein as the only
protein source required higher levels of protein ( presumably
to meet arginine (Arg) deficiency in casein) than those fed
the casein-gelatin diets. Murai et al. (1981) demonstrated
that casein gelatin mixture was superior in supporting growth
rates of carp to casein or casein supplemented with arginine.
These findings support the argument that a casein-gelatin
mixture be used instead of just casein as a protein source

in semipurified fish diets.

PROTEIN SPARING BY LIPIDS AND CARBOHYDRATES

Carbohydrates and lipids should be used to meet the
energy requirement, since they are less expensive than
protein. In addition, the main excretory end products of
protein catabolism in fish is ammonia, which is toxic to fish
and causes growth depression when it accumulates in culture
water (Burrows, 1964; Smith and Pipper, 1975).

The replacement of protein energy by non-protein energy
is called "protein sparing action" or "protein sparing
effect". This effect has been investigated in several fish
species. Lee and Putnam (1973) fed rainbow trout test diets
containing different concentrations of protein and ME. They
found that trout utilized protein as energy when supplied at
high levels. Protein retention and protein efficiency ratio
(PER) were negatively correlated with dietary protein and
positively correlated with dietary energy (starch). Body fat
increased with increasing dietary fat, while a negative

correlation existed in the case of body protein. Similar
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studies were reported on channel catfish (Nail, 1962), mirror

carp (Jauncey, 1979), and turbot Scopthalmus maximus (Adron

et al., 1976; Bromeley, 1980). These studies have
demonstrated that at lower dietary protein levels, increasing
dietary energy (CHO and/or lipid) improved protein retention
and PER, while at higher protein levels, increasing dietary
energy did not affect protein conversion (Nail, 1962) or
depressed protein retention (Jauncey, 1979; Bromley, 1980).
These studies also indicated that protein can be used as an
energy source if given in excess. The oxidation of protein to
energy is an energy costly process. This means that an extra
amount of energy is required to deaminate and excrete the
ammonia from the excess protein consumed.

Many researchers have failed to demonstrate protein
sparing effect of CHO and lipids. Ogino et al. (1976) fed
carp diets containing casein (0-60%) directly replaced by
dextrin (60 to 0 %). They found that carbohydrate was not
effectively used by carp. In a similar study (Sen et al.,
1978) optimum growth of carp was observed at 45 § protein
(casein) and 26 % carbohydrate (dextrin). Dupree and Sneed
(1967) found that catfish metabolize only low levels of
lipids. Increasing dietary lipids reduced weight gain,

protein sparing action and protein conversion efficiency.

ENERGY SOURCES

LIPIDS
Dietary lipids are required by animals for the
following functions (NRC, 1981, 1983):



24

a) They are used as a source of metabolic energy (ATP).
b) They maintain the structure and integrity of cellular
membrane in the form of phospholipids.

c) They are involved in many metabolic functions as
precursors for steriod hormones and prostaglandin.

d) They play an important role as carriers of fat-soluble
vitamins.

FATTY ACID REQUIREMENTS OF FISHES

Burr and Burr (1929, 1930) found that dietary Linoleic
acid (18:2n-6; wg) is required by rats because it could not
be synthesized in their bodies. Since then it has been
demonstrated that different animals require different
families of fatty acids in their diets. These dietary fatty
acids are known as essential fatty acids (EFA's).

During the last few years, the nutritional aspects of
EFA's in fish have been extensively studied. Information has
been gathered on the lipid composition of fishes as well as
the environmental effects on the patterns of these lipids.
This information can be an important clue in identifying the
dietary lipid requirement of fishes (Halver, 1980).

Fish 0il contains a greater variety of fatty acids
(FA's) than other oils or fats. A considerable proportion of
these FA's is poly unsaturated fatty acids (PUFA). Fish oil
also contain long carbon chain wy fatty acids rather than wg
fatty acids (Stansby, 1982). In fact 20:5w; are the major
FA's present in fish as opposed to 18:2wg (linoleic acid) and
20:4wg (arachidonic acid) which are the principal FA's of
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terrestrial animals (Jauncey, 1982a).

Environmental factors could be a controlling force in
the 1ipid composition of fishes. Freshwater fish, for
example, have higher levels of wg than marine fishes. Both
marine fishes and freshwater fishes have higher levels of wj
than wg PUFA. EFA requirement of marine fish for w, may
therefore, be higher than that of freshwater fish (Halver,
1980). Composition of fish oils are also affected by water
temperature. PUFA tend to increase at lower temperature
(Castell, 1978; Cowey and Sargent, 1979). wg/wy ratio
decreases with increasing water temperature. This could
mean that w; FA requirement may be greater for fish
raised at lower temperature, while warmwater fish may do
better when raised on a mixture of w; and wg FA's
(Halver,1980).

EFA requirement of fish has been intensively studied.
Most of the studies, however, have been conducted on salmonid
fishes (Lee et al., 1967; Castell et al., 1972a,b,c; Watanabe
et al., 1974a,b,c; Takeuhi and Watanabe, 1977b; Yu and
Sinnhuber, 1975 and Boggio et al., 1985). Studies on the EFA
requirements of warmwater fishes including channel catfish
(Dupree, 1969; Stickney and Andrews, 1972), carp (Watanabe et
al., 1975a,b; Takeuchi and Watanabe, 1977; Farkas et al.,
1977), japanese eel (Arai et al., 1971; Takeuchi et al.,
1980), red sea bream (Yone et al., 1974; Yone and Fujii,
1975a,b; Yone, 1978), yellow tail (Yone, 1978), Tilapia
2i11ii (Kanazawa et al.,1980) and turbot (Owen et al., 1975;
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Bell et al., 1985) have also been conducted.

Studies on the EFA requirement of rainbow trout
demonstrated that this species requires w; rather than Ve
fatty acids (Lee et al., 1967; Castell et al., 1972; Yu and
sinnhuber, 1975). Fish growth was depressed when corn oil
(high in wg) was used as the sole dietary lipid (Lee et al.,
1967) or when high levels of wg and low levels of w3 FA's
were fed to the fish (Yu and Sinnhuber, 1975) . Increasing L2
FA in the diets improved fish growth and reduced their
mortality. Salmonids required about 1% w, and no wg FA for
maximum growth (Castell et al., 1972a) or either 13w,y or a
mixture of 0.1-0.5 w3 and wg FA's (Yu and Sinnhuber, 1975).

Castell et al. (1972a,b,c) described the physiological
symptoms of EFA deficiency in rainbow trout. They found that
fish fed less than 0.5% 18:3w; exhibited low growth, erosion
of the caudal fin, high muscle water content, fatty
degeneration of the livers, low hemoglobin content, low RBC
count and high mortality. Takeuchi and Watanabe (1977) found
that rainbow trout fed diets containing 1.0% 18:w, with 4.0%
12:0 showed good growth, while the same diet containing 1.0%
18:3w; with 9.0 or 14.0% 12:0 resulted in poor growth. They
concluded that the elevated dietary lipid levels increased
the requirement of rainbow trout for 18:3w; FA.

Studies on EFA requirements of channel catfish indicated
that this species does not utilize 18:3w; or wg as
effectively as salmonids (Stickney and Andrews, 1972; Dupree,
1969). Dupree (1969) found that 18:2wg FA of corn oil
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inhibited growth and both beef tallow and hydrogenated corn
oils were superior to untreated corn oil. The same results
were obtained by Stickney and Andrews (1972) and suggested
that the requirement of catfish for EFA's is lower than that
of rainbow trout.

Takeuchi and Watanabe (1977) studied the requirement of
mirror carp for linoleic (wg) and linolenic (w;) FA's. They
also compared the growth response of these FA's to the
response obtained by using 22:6w; and w;-PUFA. They found
that feeding fat-free and EFA deficient diets resulted in
retarded growth, while addition of 1.0% 18:3w; and 1.0%
18:2wg significantly improved the growth rates. Addition of
w3y FA's , both 22:6w; and w,-PUFA (0.5%) vastly improved the
fish growth and feed conversion. Farkas et al. (1978) studied

FA metabolism in relation to diets in carp Cyprinus carpio.

Three different diets were given to the fish; a control
containing low carbohydrate and high l1ipid levels with 1.1%
18:3w,; and wheat and corn diets containing high carbohydrate
levels and low fat levels and 0.1 and 0.05% 18:3w;,,
respectively. Linoleic (wg) content was constant in all
diets. They found that the highest levels of FA biosynthesis
occurred in fish given the corn diet and the rate of
lipogenesis decreased with decreasing carbohydrate and
increasing fat in the diets. Corn and wheat diets resulted in
biosynthesis of monounsaturated oleic (18:1) and palmetic
(16:1) acids, while the control diet resulted in producing
high amounts of PUFA. The results suggested that about 1.0%
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18:3w45 is required in the diets of carp in order to reduce
lipogenesis and to prevent the hyper production of saturated
lipids. Linoleic acid (18:wg) seemed to play a minor role in
regulating lipogenesis in carp.

Some fish have the ability to elongate and desaturate
18:3w, and 18:2wg FA's (Cowey and Sargent, 1979). Owen et
al. (1975) showed that turbot have a limited ability to
elongate and desaturate dietary 18:3w,. Consequently, the
fish required 20:5w; and 22:6w;. Bell et al.( 1985) extended
the work on turbot by studying the effect of dietary PUFA
deficiency on fish performance and mortality. Three diets
were fed to the fish; a control with a mixture of 18:3w; and
18:2wg at a ratio of w3/wg = 11.1 and 20:5w3/22:6w3 = 1.8, a
second diet containing no PUFA (only palmitic) and a third
diet with no wg and with a 20:5w3/22:6w; ratio of 13.8. Fish
fed the control had the best performance. Diets 2 and 3
resulted in PUFA deficiency symptoms, including changes in
gill structure, disappearance of chloride cells and sloughing
of epethelial cells of the gill filaments. The authors (Bell
et al., 1985) suggested that increasing 22:6w, was essential
for turbot and that gill epethelial cells were a sensitive
indicator of 22:6w; deficiency in this species.

Studies on red sea bream (Yone and Fujii, 1975a,b; Yone
et al., 1974 ), black sea bream and yellow tail (Yone, 1978)
indicated that both 18:3w; and w5 HUFA with more than 20 c
are essential for these marine fishes.

In contrast to all fishes studied (except catfish),
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tilapia were found to require dietary wg FA's (Kanazawa et
al., 1980; Teshima et al., 1982; Stickney and McGeachin,
1983). A dietary level of 1% of 18:2 wg or 20:4 wg were
superior in supporting the growth of T. zillii (Kanazawa et
al., 1980) and O. niloticus (Teshima et al., 1982) to
dietary w; FA's. However, Stickney and McGeachin (1983) found
that diets containing 1% w,; (linolenic acid) depressed the
growth O. aureus. When the fish were fed diets containing
Menhaden oil which provided over 1% of the total ;5 FA's,
their growth rates were improved. They suggested therefore,
that growth depression was related to linolenic and not
higher wy FA's. EFA's may have negative effects on the the
fish if they are added in excess. Fujii and Yone (1976b)
reported that supplemental 18:3w; at levels more than 3% in
the diets of red sea bream resulted in fatty livers. Yu and
Sinnhuber (1976) found that the growth of rainbow trout was
depressed when the dietary level of 18:2wg was increased to
2.5 or 5.0%. Growth of coho salmon was also depressed when
extremely high levels of w3 FA's were given to the fish.
Therefore, special care must be given to the amount and type

of the EFA's used in fish diets.

2) CARBOHYDRATES (CHO)

Carbohydrates are used as:
1) an immediate source of dietary energy (Phillips et al.,
1966, 1967; Buhler and Halver, 1961).
2) a quick energy reserve stored as glycogen in the liver and

muscles (Wendt, 1964).
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3) a long-term energy reserve when converted to fat in the
body.
4) a precursor for many metabolic intermediates necessary for
growth such as despensible AA and nucliec acids (NRC, 1983).
CHO are also considered the least expensive form of dietary

energy for man and domestic animals (NRC, 1983).

UTILIZATION OF CHO BY FISHES

Fishes may be considered diabetic. If they are given a
dietary glucose load, plasma glucose rises. It takes many
hours for plasma glucose to return to normal (Plamer and
Ryman, 1972; Bergot, 1979a,b,c; Furichi and Yone, 1980). In
addition, the concentration of hexokinase which is thought to
be the rate limiting enzyme of glucose utilization in animals
(Newsholme and Start, 1973) is relatively low in fishes
(Walton and Cowey, 1982).

Lin et al. (1978) measured the utilization rates of U-
14¢c ang 6-3H glucose in coho salmon which had been starved
for 48 hours. They found that the turnover rates were 377
minutes for 6 3H glucose and 418 minutes for u-14¢ glucose.
The corresponding utilization rates were being 14.3 and 11.7
mol/hr/100 g body weight which are about 10 - fold less than
rates observed in the rat.

The utilization and assimilation of CHO by fish depends
on species, size, ration level, water quality the type of
dietary CHO and feeding habits of the fish. Carnivorous fish
utilize less CHO than herbivorous fish (Yone 1979; Furuichi

and Yone, 198l1). Amylase, the starch digesting enzyme , was



31

secreted in higher amounts in herbivorous than in carnivorous
fish (Chow and Halver, 1980). Shimeno (1974) reported that
phosphofructokinase (PFK); one of the key enzymes of
glycolysis, is lower in yellow tail (carnivorous) than in
carp (herbivorous), while the activity of glucose-6-
phosphatase (G-6-Ptase) and fructose di-phosphatase (FDPtase)
key enzymes in gluconeogenesis (GNG), were significantly
higher in yellow tail than in carp, indicating that the
former obtain a significantly higher amount of their blood
glucose from non-CHO sources than the latter (Nagayama and
Saito, 1968).

Yone (1978, 1979) studied the relationship between blood
glucose and insulin in carp (herbivorous), red sea bream
(semi-carnivorous) and yellow tail (carnivorous). When the
fishes were injected with either insulin (1 IU\100g) or both
glucose (167 mg\100g) and insulin (2 IU\100g), their blood
glucose decreased after one hour. After injecting the fishes
with glucose and monitoring blood insulin, he found that
insulin increased after 2 hours and was highest in carp and
lowest in yellow tail. Fish that grew poorly on high CHO diet
(yellow tail), showed lower insulin response after glucose
injection than carp which is mostly herbivorous. Yone
(1979) concluded that these fishes were diabetic, and
attributed this to the low insulin secretion.

Studies on the utilization of CHO by fishes, especially
salmonids, are contradictory. For example, Dupree (1966) and

Bergot (1979) found that channel catfish and rainbow trout,
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respectively, utilized simple sugars more efficiently than
polysacharides, while Simco and Cross (1966) and Pieper and
Pfeffer (1980b) reported the superiority of polysacharides as
energy sources for the same species, in the same order.
Studies on the ability the fishes to utilize dietary CHO
are also controversial. Studies have shown that rainbow
trout can utilize diets containing up to 48% dextrin (MclLaren
et al., 1947; Bergot, 1979a; Pieper and Pfeffer, 1980b)
without growth inhibition or pathological symptoms. Pieper
and Pfeffer, 1980b reported that rainbow trout could adapt
their metabolism to widely different energy supplies. The
trout utilized dietary simple sugars (sucrose) and
polysacharides (gelatinized maize starch) up to 40%
efficiently. Conversely, Phillips and Brockway (1956) stated
that "no more than 9 to 12% of the trout diet should be of
the form of digestible CHO" since quantities in excess of
these levels caused an excessive deposition of liver glycogen
and mortality. Hilton and Atkinson (1982) fed rainbow trout
isonitrogenous, isocaloric diets varying in CHO levels (5.8
to 21.8% glucose) for 16 weeks to study the physiological
response of the fish to dietary CHO levels. They found that
weight gain decreased linearly with increasing dietary CHO,
while liver glycogen showed a significant increase as the
amount of CHO was increased in the diet. Both liver glucose-
6-phosphate dehydrogenase (G-6-PDH) and fructose di-
phosphatase (FDPase) increased, while phosphenolpyruvate

carboxykinase (PEPCK) decreased with increasing dietary CHO.



33

These results indicated that rainbow trout have a limited
ability to adapt to high levels of CHO, and amounts in excess
of 14% in the diets is not efficiently utilized.

The utilization of CHO by warmwater fishes such as
common carp (Ogino et al., 1976; Sen et al., 1978; Furuichi
and Yone, 1980) channel catfish (Nail, 1962; Cruz, 1975;

Garling and Wilson, 1977; Likimani and Wilson, 1982) Red sea
bream (Furuichi and Yone 1980) and tilapia (Anderson et al.,
1984) has been investigated. Although Dupree and Sneed (1967)
reported that feeding CHO (dextrin) above 10% resulted in
reducing the weight gain of channel catfish, regardless of
the total energy contents of the diets, Garling and Wilson
(1977) reported that up to 22.5% dextrin was utilized
efficiently by these fish. Garling and Wilson (1977) found
that channel catfish fingerlings fed diets with a 0.0
CHO:Lipid ratio showed poorer growth than those fed diets
with CHO:Lipid ratios ranging from 45 to 4.5. They concluded
that digestible CHO can be utilized effectively by channel
catfish, and can be substituted for lipids in semipurified
diets at a rate commensurate with standard physiological fuel
values (2.25:1), respectively, within this CHO:Lipid range.
Cruz (1975) reported that glucose digestibility in channel
catfish was above 90%, while the digestibility of other forms
of CHO was lower. Cruz (1975) also demonstrated that as the
level of CHO in the diet increased, CHO digestibility
decreased (except in case of dextrose). The digestibility of
dextrin decreased from 73.2% in diets containing 30% dextrin
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to 47.8% in diets containing 60% dextrin.

Higher dietary CHO levels were found to stimulate
lipogenic enzyme activity in channel catfish both in liver
and mesenteric adipose tissues (Likimani and Wilson, 1982).
The activity of fatty acid synthase, malic enzyme, G-6-P DH,
6-P-GDH and NADP-isocitrate dehydrogenase (NADP-IDH) was
found to increase as the dietary CHO increased. Similar
studies on common carp resulted in a marked increased in the
activities of G-6-PDH, 6-P-GDH, and malic enzyme (Shemino et
al., 1981).

Lin et al. (1977a) measured the activities of lipogenic
enzymes; fatty acid synthase, citrate cleavage enzyme, malic
enzyme, G-6-PDH, 6-P-GDH and NADP-IDH in the livers and
mesenteric adipose tissues of coho salmon fed diets
containing 45.6, 34.1 or 11.1% of their energy from CHO, and
11.5 23 and 46% from fat. The authors found that increasing
dietary fat level (and decreasing CHO level, at the same time
), led to the depression of the activities of all enzymes
assayed except for NADP-IDH. The levels of these enzymes were
significantly higher in the livers than in mesenteric
adipose tissues. This indicated that the liver of coho
salmon may be a more important site for fatty acid synthesis
than adipose tissue. The same researchers (Lin et al., 1977b)
studied the influence of diet on in vitro and in vivo rates
of fatty acid synthesis in coho salmon. They found that
consumption of high fat diet or fasting for 2 days decreased
the in vitro and in vivo fatty acid synthesis. Refeeding
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fasted fish with a high CHO diet increased the rate of

hepatic fatty acid synthesis.



MATERIALS AND METHODS

This work was carried out in two stages. The first stage
was designed to determine some of the basic nutritional

requirements of T. 2illii fingerlings. Three experiments
using semipurified diets were carried out to determine the
optimum dietary protein and energy required for maximum
growth, and to determine the ability of T. zillii to utilize
carbohydrates and lipids as energy sources.

The second stage was carried out to evaluate cotton seed
meal (CSM) and sesame meal obtained from Egypt as protein
sources in practical diets for T. zillii. Based on the
results of the first stage, practical diets were formulated
and fed to T. zil11lii. CSM and SM were selected because of
their high protein contents and their local availability at
low prices.

CULTURE FACILITIES

All experiments were conducted at the Michigan State
University Aquaculture Laboratory. Glass aquaria (110
liters) were used as a culture unit throughout the,btudy.

A/simple and inexpensive flow device (Garling and Wilson,

1975) was built to maintain a constant water level in the
culture aquaria. The culture aquaria were supplied with well
water at 11.5+1 ©C preheated in a reservoir to 25:1 °C at a

rate of 1/2 liter per minute. Each of the culture aquaria

36



37

was equipped with an air stone and a 200-watt heater to keep
the water temperature at 25i1 ©c. culture aquaria were
illuminated by day light and overhead fluorescent lighting.
An automatic timer (Model 101, Intermatic Inc. Sprang Grove,
ILL, U.S.A) was used to keep the light:dark cycle at 14 h :
10 h.

THE FISH

Tilapia zillii fingerlings of approximately the same

size range (1.3-2.5 g average initial weight/fish) were used

in each experiment throughout the study, except experiment 6
in which a different fish size range (9-10 g average

initial weight/fish) was used. Fish were obtained from Fish
Breeders of Idaho (Buhl, Idaho, U.S.A) for the first
experiment. Some of these fish were retained as a brood stock
and their offsprings were used in experiments 2-4. Fish were
obtained from Cape Fear Fish Farm (North Carolina, U.S.A)
for the last two practical feeding studies since sufficient
numbers of appropriate size fish were not available from our
brood stock. Since T. 2zillii from Fish Breeders of Idaho were
used to start the Cape Fear Fish Farm stock, all fish used
throughout the study were from a common original stock.

Fish in all experiments were conditioned for a two-week
period. During the first week, appropriate sized fish were
stocked in large tanks and fed commercial trout feed (40 %
crude protein (CP)), to adapt them to aquaria feeding. In
the second week, 30 fish were randomly netted and placed the

culture aquaria. During the second week, fish were fed the
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experimental diets under investigation. At the end of the
conditioning period all the fish in each aquarium were
recounted and weighed (collectively) to the nearest g.

A plastic screen basket was made to fit inside a 2-1iter
beaker and used for weighing the fish. The fish were gently
removed from the aquarium with a screen net and transferred
to the plastic basket. The basket was placed in the beaker
which contained an adequate amount of water to cover the
fish. The total weight of the fish, the basket and the beaker
was recorded (1st weight). The basket was lifted above the
beaker and gently shaken to remove any excess water. The fish
were returned to their aquaria and the weight of the empty
basket, and the beaker was recorded (2nd second weight). The
2nd weight was subtracted from the 1st weight to obtain the
total wet weight of the fish.

DIETS AND FEEDING
DIETS PREPARATION

A) Preparation of the semipurified diets (stage 1):

The ingredients which were used to formulate the
semipurified diets in experiments 1-3 (stage 1) are given in
tables 3-5. Dry ingredients including casein, gelatin,

dextrin, e-cell, mineral mix (appendix 2) and vitamin mix
(appendix 3) were obtained from ICN. Nutritional
Biochemicals, Clevland, OHIO 44128, U.S.A, while cod liver
oil and soy bean oil (Haim pure food Co, Inc. Los Angles, Ca,
90061, U.S.A) were obtained locally.

Semipurified diets were prepared by the following
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procedure. The dry ingredients were weighed and mixed in a

20 quart mixing bowl, using Univex commercial food mixer at
the lowest speed for 15 minutes to assure the homogeneity of
ingredients. The oil components (cod liver oil/soybean oil
mix) were added gradually (few drops at a time) and blended
for about 15 minutes. After a homogeneous mixture was
obtained, 200-250 ml of warm distilled water per 500 g diet
was slowly added to the mixture. The mixing speed was
increased as the water was added. Addition of water
continued until the diets began to clump.

The diet was molded into small balls and was passed
through a commercial food grinder attached to the commercial
mixer to form a spaghetti-like extruded diet. The extruded
diet was spread on a plastic screen and forced air (no heat)
dried in a glassware drying oven for 24 hrs. Dried diet was
then chopped in a blender to form pellets. The pellets were
sieved through standard sieves to separate the pellets into
appropriate sizes. Pellet size was increased as fish size
increased.

B. Preparation of the practical diets (stage 2):

Cotton seeds (without hulls, prepressed, solvent
extracted, 46% crude protein) and sesame seeds (prepressed,
solvent extracted, 30% crude protein) were obtained from
Egypt and used as dietary protein sources in stage 2 which
included experiments 4-6. CSM and SM were finely ground into
powder in a blender. The ground materials were dried in a

forced-air glassware drying oven (no heat) for 24 hours.
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Proximate analysis was performed to determine the protein,
lipid, fiber and ash contents of both CSM and SM (table 6).
Diets were then prepared as described in stage 1. Dry
matter of the pelleted diet was determined using the standard
AOAC methods (1980). The diets were labeled and stored in the

freezer (-20 oC) in plastic containers until used.

DIETS FORMULATION
STAGE 1:

Metabolizable energy (ME) values of the diets in stage 1
(experiments 1-3) were estimated using physiological fuel
values (PFV) of 4, 4 and 9 kcal/g of protein, carbohydrate
and 1lipid, respectively since digestible energy (DE) or
metabolic energy (ME) values of casein, gelatin, dextrin and
oil mix are unavailable for tilapia. Since these semi-
purified ingredients are highly digestible, it can be assumed
that PFV closely approximate the ME of the diets. ME values
for casein and gelatin protein fed to rainbow trout were
3.91 and 4.05 kcal/g, respectively (Smith, 1976). Since these
are highly digestible proteins with high biological values,
similar values would be expected for T. zillii. ME value of
cod liver oil-soy bean oil for T. zillii is also expected to
be similar to that reported for channel catfish. DE of soy
bean o0il fed to channel catfish was 8.93 kcal/g. T. zillii,
a herbivorous fish, was assumed to utilize digestible
carbohydrates efficiently. Since dextrin is a highly
digestible carbohydrate, the value of 4 kcal/g applied for
dextrin in in experiments 1 and 2. Experiment 3 confirmed the
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validity of this assumption.
Experiment 1
Experiment 1 was designed to define the optimum dietary
protein-to~-ME (P/ME) levels for Tilapia zillii fingerlings

(1.4 g average weight/fish). In this experiment, four
semipurified, isocaloric diets (350 kcal ME/100g diet) with
different protein (25, 30, 35 and 40%) and P/ME (77, 87,
100 and 122 mg crude protein (CP)/kcal ME ) levels were
formulated (table 3). As the dietary protein (casein-gelatin
mixture) was increased by 5% intervals, dietary dextrin
levels were correspondingly reduced to maintain isocaloric
diets. Test diets were fed to T. zillii for 9 weeks.

Experiment 2

Experiment was designed to determine the optimum
dietary protein and energy levels required for the maximum
growth and feed conversion efficiency of T. zil1ii at a
constant P/ME ratio. Based on the results of experiment 1,
four diets containing four protein levels (25, 30, 35 and
40%) and four ME levels (250, 300, 350 and 400 kcal ME/100g
diet) at a constant P/E ratio of approximately 100 mg CP/kcal
were formulated (table 4). Levels of dextrin and oil mixture
were readjusted at a rate of 2.25:1 commensurate with the
(carbohydrate~-to-1ipid) physiological fuel values to
maintain a constant P/ME ratio of 100. Levels of dietary -«
cell were readjusted to offset the differences in the
caloric values of dextrin or oil per gram. Other ingredients

remained unchanged. Diets were fed to T. zillii fingerlings
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Table 3. Composition and proximate analysis of the test
diets used in experiment 1 to determine the
optimum dietary protein-to-metabolizable energy

level for T. zil11ii fingerlings.

Diet
Ingredients$
1 2 3 4

Casein 19.7 23.6 27.6 31.5
Gelatin 8.8 10.6 12.3 14.1
Dextrin 41.5 35.8 30.1 24.4
a=-cell 16.0 16.0 16.0 16.0
Soybean oil 6.0 6.0 6.0 6.0
Cod liver ojl 3.0 3.0 3.0 3.0
Mineral mix 4.0 4.0 4.0 4.0
Vitamin mix! 1.0 1.0 1.0 1.0
Total 100.0 100.0 100.0 100.0
Proximate Analysis2

Crude protein 27.1 30.39 34.75 42.24
Ether extract 8.5 9.15 9.50 8.66
Ash_content 3.94 3.11 3.28 3.89
NFE3 41.5 36.4 32.0 24.81
Kcal/100g*4 351.0 347.0 346.0 345.0
P/ME ratios 77.2 87.4 100.50 122.0

1NrRC (1978), appendices 2 and 3, respectively.

2p0aC (1980).

3Nitrogen Free Extract (calculated by difference).

4pased on physiological fuel values of 4, 4 & 9 kcal ME/g

carbohydrate, protein and lipid, respectively.

5Protein/Energy ratio expressed as mg dietary protein per

kcal ME.
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Table 4. Composition and proximate analysis of the test
diets used in experiment 2 to determine protein

and metabolizable energy for T. zillii at

a constant protein-to-energy ratio.

Diet

Ingredients$

1 2 3 4
Casein 19.7 23.6 27.6 31.5
Gelatin 8.8 10.6 12.3 14.1
Dextrin 24.0 28.9 34.5 39.4
a=cell 36.5 24.9 12.6 1.0
Soybean oil 3.0 4.0 5.0 6.0
Cod liver oil 3.0 3.0 3.0 3.0
Mineral mix 4.0 4.0 4.0 4.0
Vitamin mix! 1.0 1.0 1.0 1.0
Proximate Ana1y5152
Crude protein 25.43 30.28 34.26 39.90
Ether extract 6.00 7.75 7.50 9.20
Ash_content 3.58 3.38 3.45 3.90
NFE3 23.69 28.90 35.00 41.60
ME kcal/lgOg4 252.00 306.00 342.50 400.00
P/E ratio 101.00 99.00 100.00 99.80

1NrRC (1978) appendices 2 and 3, respectively.

2p0AC (1980).

3Nitrogen free extract (calculated by difference).

4pased on physiological fuel values of 4, 4 & 9 kcal ME/g
carbohydrate, protein and 1lipid, respectively.

5Protein/Energy ratio expressed as mg dietary protein per

kcal ME.
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(2.0g average weight/fish) for 8 weeks.

Experiment 3

Experiment 3 was designed to determine the ability of
T. 2i11ii to utilize carbohydrates (dextrin) and lipids (soy
bean oil-cod liver oil mix) as energy sources. Based on the
results of experiments 1 and 2, four isonitrogenous (30% CP),
isocaloric (300 kcal ME/100g) diets at a constant P/ME ratio
of 100 mg CP/kcal were formulated (table 5). Varying levels
of carbohydrates (dextrin) and lipids (cod liver oil-soybean
oil mixture) were included in the diets. Dextrin and oil
substitutions were made at a rate of 2.25:1 commensurate with
the carbohydrate-to-lipid (CHO:L) physiological fuel values.
CHO:L (% CHO/% Lipid) ratios ranged from 24 to 0.81 Diets
were fed T. 2illii fingerlings (1.85 g average weight/fish)

for 6 weeks.

Experiment 4

Experiment 4 was designed to evaluate cotton seed meal
(CSM) as a protein source for T. 2zillii fingerlings. CSM is
available in Egypt in high quantities at low prices. Five
isonitrogenous (30% CP), isocaloric (450 kcal GE/100gq)
practical diets with approximately the same P/GE ratio (6711 -
mg CP/kcal GE) were formulated. CSM was used as a protein
source at 0 (control), 20, 50, 80 and 100% of the total crude
protein (table 7). Since digestible energy (DE) and
metabolizable energy (ME) of CSM for tilapia are unknown,

gross energies (GE) of the experimental diets (semipurified
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Table 5. Composition and proximate analysis of the test
diets used in experiment 3 to determine the
ability of T. 2illii to utilize carbohydrates
(dextrin) and 1ipids (cod liver oil-soy bean oil
mix) as energy sources.

Diet
Ingredients$
1 2 3 4

Casein 23.6 23.6 23.6 23.6
Gelatin 10.6 10.6 10.6 10.6
Dextrin 41.0 36.8 24.0 12.0
Soybean oil 1.0 3.0 7.0 10.0
Cod liver oil 1.0 2.0 3.0 5.0

a-Cell 17.8 19.0 26.8 33.8
Mineral mix?! 4.0 4.0 4.0 4.0
Vitamin mix! 1.0 1.0 1.0 1.0
Total 100.0 100.0 100.0 100.0
Proximate Ana1y3152
Crude protein 30.53 30.4 30.50 30.4
Ether extract 1.7 4.2 9.4 14.8
Ash 3.58 3.65 3.73 3.8
NFE3 41.0 36.8 26.50 12.0
ME kca1/120g4 301.0 305.0 302.0 303.0
P/E ratio 101.0 100.0 101.0 100.0
CHO:L ratio 24.1 8.80 2.60 0.81

1Nre (1978), appendices 2 and 3, respectively.
2p0AC (1980).
3Nitrogen free extract (calculated by difference).

4Based on physiological fuel values of 4, 4 & 9 kcal ME/g
carbohydrate, protein and lipid, respectively.

5Protein/Energy ratio expressed as mg dietary protein per
kcal ME.

6Carbohydrate-to-Lipid ratio on weight basis (g/g).
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control and CSM diets) were determined using the adiabatic
oxygen bomb calorimetr. The P/GE ratio of the control diet
was calculated and used for experimental CSM diets. Based on
the chemical composition of CSM (table 6), other dietary
components were readjusted to keep the protein, energy and
P/GE levels constant.

Table 6. Proximate analysis (% dry weight) of cotton seed

meal and sesame meal, determined by standard methods
(AOAC, 1980).

Component (%) Cotton Seed Sesame Meal
Meal

Dry matter 93.0 89.0
Crude protein 46.6 30.2
Ether Extract 8.3 14.4
Crude Fiber 9.4 18.0
Ash 7.5 17.3
Nitrogen Free

Extract 28.2 20.1

Experimental diets were fed to T. zillii fingerlings
(1.30g average weight/fish) for 40 days. Because T. zillii
fed the 100% CSM diet gained very little weight in the first
week, fish in all aquaria were weighed at 10-day intervals

instead of on a weekly basis.

Experiment 5

Experiment 5 was designed to evaluate sesame meal (SM)
as a protein source for T. zillii. SM is reasonably
available in Egypt. The use of SM as a protein source for

fish has not been studied. Four isonitrogenous (30% CP),
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Table 7. Composition and proximate analysis of the test
diets used in experiment 4, to evaluate cotton seed
meal as a protein source for T. zillii.

Ingredients$ $ CSM in the diets

0(control) 20 50 80 100
Casein 23.6 19.5 11.8 5.0 o
Gelatin 10.6 8.5 5.3 2.1 0
Dextrin 34.0 30.0 24.4 18.5 15.0
CSM 0.0 13.5 32.5 52.0 64.0
Cod liver oil 2.0 2.0 1.5 0.5 0.5
Soybean oil 3.0 0.5 0.5 0.5 0.5
a=Cell 21.8 21.0 19.5 17.4 16.0
Mineral mixl 4.0 4.0 4.0 3.0 3.0
vitamin mixl 1.0 1.0 1.0 1.0 1.0
Total 100.0 100.0 100.0 100.0 100.0
Proximate Analysis2
Crude protein 30.65 30.25 30.00 31.06 29.60
Ether extract 4.32 5.64 4.70 4.60 4.92
Ash 3.64 4.80 6.33 7.70 9.00
GE (kcal/lOQg)3 458 445 452 466 445
P/GE ratio 67.00 68.00 66.40 66.60 66.50

1NrC (1978), appendices 2 and 3, respectively.
2p0AC (1980).

3GrossEnergy, determined bythe adiabatic Oxygen Bomb
Calorimetry.

4 mg crude protein/kcal GE.
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isocaloric (450 kcal GE/100g diet) diets were formulated
(table 8). SM was used as a protein source in the test diets
at 0 (control), 25, 50 and 75% of the total protein. SM
substitution at a 100% was not possible because of the low
protein content (30%) of SM. Diets were formulated as
described for experiment 4. GE of the experimental diets
were determined using the adiabatic oxygen bomb calorimeter,
since DE and ME of SM are unknown for tilapia. The practical
diets were fed to T. 2il1ii fingerlings (2.54g average
weight/fish) for 5 weeks.

EXPERIMENT 6

Tilapia 2zillii fed SM diets in Experiment 5 developed

hemorrhagic symptoms in the mouth area and at the bases of
the pectoral and anal fins. SM contains low levels of lysine
and zinc which were believed to have caused the hemorrhagic
symptoms. Experiment 6 was conducted to study the effect of
adding dietary lysine, zinc or a mixture of both to SM diets
fed to T. zi11ii on the appearance of hemorrhagic or other
gross pathological symptoms. Isocaloric, isonitrogenous
practical diets containing the same protein and energy values
used in experiment 5 were formulated. SM was included at
levels of 0 (control), 15 and 25%. At 25% SM, diets were
supplemented with zinc (30 ppm), lysine (0.5%) or a mixture
of both. Test diets were fed to T. zillii (9.7 g average
weight/fish) for 5 weeks. This fish size was used because
smaller sized fish as used in the first 5 experiments were

not available.
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Table 8. Composition and proximate analysis of the test
diets used in experiment 5 to evaluate sesame
meal as a protein source for T. zillii.

£ SM in the diets

Ingredients§-======e-- e —c e ————
0 (control) 25 50 75
Casein 23.6 17.5 11.8 5.9
Gelatin 10.6 8.0 5.2 2.0
Dextrin 34.0 26.0 18.0 10.0
Sesame meal 0.0 25.0 50.0 75.0
a =Cell 21.8 18.0 10.4 2.6
Soybean oil 3.0 0.5 0.5 0.5
Cod liver gil 2.0 2.0 1.0 1.0
Mineral mix 4.0 2.0 2.0 2.0
Vitamin mixl 1.0 1.0 1.0 1.0
Total 100.0 100.0 100.0 100.0
Proximate Analysis2
Crude protein 30.70 30.30 30.42 31.50
Ether extract 4.21 7.00 11.10 10.90
Ash 4.16 7.35 8.54 11.30
GE(kca1/1oqg)3 454 456 460 475
P/GE ratio 67.60 66.40 66.10 66.30

1nre (1978) ,appendices 2 and 3, respectively .
2p0AaCc (1980).

3Gros§Energy, determined bythe adiabatic Oxygen Bomb
Calorimetry.

4Mg crude protein/kcal GE.
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Table 9. Composition and proximate analysis of test diets

fed to T. zillii fingerlings in experiment 6 to

determine the effect of sesame meal supplemented with

lysine or zinc on fish growth and appearance of
pathological symptoms.

Test Diets
Ingredient -~ - -

4 1l 2 3 4 5 6 (control)
Casein 20,00 17.70 17.70 17.70 17.70 23.60
Gelatin 9.00 8.00 8.00 8.00 8.00 10.60
Dextrin 29.00 26.00 26.00 26.00 26.00 34.00
Sesame meal 15.00 25.00 25.00 25.00 25.00 0.00
L-Lysine 0.00 0.00 0.50 0.00 0.50 0.00
Zinc sulfate

(PPM) 0.00 0.00 0.00 30.00 30.00 0.00
a-cell 18.50 15.30 14.80 15.27 14.77 21.80
Soy bean oil 1.50 1.00 1.00 1.00 1.00 3.00
Cod liver ojl 2.00 2.00 2.00 2.00 2.00 2.00
Mineral mbi 4.00 4.00 4.00 4.00 4.00 2.00
vitamin mix 1.00 1.00 1.00 1.00 1.00 1.00
Total 100 100 100 100 100 100

Crude protein

29.90 30.70 30.40 30.40 30.20 30.70

Ether extract 5.00 6.50 5.90 6.00 5.70 4.21
Ash 5.30 7.30 7.10 6.90 6.40 4.16
GE (kcal/10 ?)3 458 462 463 451 469 454

P/GE ratio 65.20 66.80 65.70 67.40 64.30 67.6

1NRC (1978) ,appendices 2 and 3, respectively.
2p0AC (1980).

3GrossEnergy, determined bythe adiabatic Oxygen Bomb
Calorimetry.

4mg crude protein/kcal GE.
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FEEDING

Experimental diets were fed to the fish on a dry weight
basis at a rater of 3% of the total fish live weight per day
divided into two equal feedings (0900 - 1000 am and 1500 -
1600 pm), in all experiments. This feeding rate was selected
based on the results of Annett (1985) who found that similar
sized T. zillii (1.76 g) fed trout feed (40% CP) required
about 2.5% body wet weight/day for maximum growth. However,
his diets contained higher energy content ( 480 kcal GE/100
g diet) than the diets used in this study. Consequently, a 3%
feeding level was used to maintain a similar energy
intake/fish/day.

During the first week of experiment 6, T. zillii fed
SM diets did not consume all of the daily ration offered.
consequently, the feeding level was reduced to 2% beginning
of the second week.

Fish were weighed weekly (except in experiment 4, where
they were weighed on 10-day intervals) and the amounts of

feed given were readjusted accordingly.

DATA COLLECTION AND SAMPLE ANALYSIS
Total fish weights for each aquarium were recorded
collectively at the beginning and end of each experiment. A
sample of 10 fish was randomly selected at the beginning of
each experiment and from each aquarium at the end of each
gxperiment. Samples were frozen until body analysis.

All body composition analyses represented the mean of 9

determinations (three samples/replicate) and are expressed on
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a dry weight basis. Proximate analyses of body water,

protein, fat and ash were performed as follows.

l. Water Content:

Aluminum weighing pan was weighed empty (Wl). Fish
sample was weighed in the pan (W2), énd the difference
between W1 and W2 gives the fish wet weight. Samples were
then dried for 24 hours at 100 °C in a drying oven. The pans
containing the dried samples were removed from the oven and
immediately placed in a disiccator to cool for one hour and
then reweighed. The difference between this weight and the
weight of the empty pan represents the fish dry weights.

Percent body water=

(fish sample wet weight (g)-fish dry weight(g)
fish sample wet weight (qg)

2. Protein Content:

Total body protein was determined using the Kjeldahl
method (AOAC, 1980).
3. Total Lipid Content:

Total body lipids were extracted using Folch's method
(Folch et al., 1951) using chloroform-methanol mixture (2:1,
V:V)

4. Ash Content:

Ash content was determined by weighing and ashing a dry
subsample in a preweighed porcelain crucible in a muffle
furnace for 8 hours at 600 °C. Samples were then removed from
the furnace and immediately placed in a disiccator until

cooled, and then reweighed.
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weight of ash (qg)

Percent ash = 100
weight of dry sample (9)

CALCULATIONS

Growth and energy and protein conversion were calculated
as follows.

A. GROWTH:

1. Percent Weight Gain=100 --=====--

3. Specific Growth Rate (SGR)= 100

where:
Wiy=initial fish weight (g).
Wo= final fish weight (g).
t= time (days).

B. ENERGY AND PROTEIN CONVERSION :

dry feed intake (g)
1. Feed Conversion (FC) = ———

fish live weight gain(g)

fish live weight gain(qg)
2. Protein Efficiency Ratio (PER)= - -

Protein intake (g)

3. Protein Production Value (PPV)=

final body protein-initial body protein
100--- - -

Protein fed (g)

Net Energy Retention (NER)=

final body energy (kcal)-initial body energy (kcal)

100
Total energy fed (kcal)
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STATISTICAL ANALYSIS

Simple linear and non-linear regressions were performed
as described by Gill (1981). One-way analysis of variance
was performed using the methods of Tukey (Tukey, 1953).
Tukey Test was used to test the differences between
treatments at P=0.05 significance level. Multiple Comparison
procedures were also used to compare means using the Tukey

test (Tukey, 1953).



RESULTS AND DISCUSSION

STAGE 1:
PROTEIN AND ENERGY REQUIREMENTS OF TILAPIA ZILLII

USING SEMIPURIFIED INGREDIENTS

Three experiments were conducted using semipurified
ingredients to determine the protein and energy requirement

of Tilapia. zillii. The first experiment defined the optimum

dietary protein and (P/ME) ratio for maximum growth of T.
2zillii, fed diets containing approximately 350 kcal ME/100g
diet. The second experiment described the optimum protein and
energy levels required for maximum growth at the optimum
P/ME ratio (100 mg CP/kcal ME). The third experiment confir
med the use of dextrin to replace lipids (cod liver oil-
soybean oil mixture) as energy sources for T. 2illii, at rate

of 2.25:1 commensurate with the physiological fuel values.

EXPERIMENT l: DIETARY PROTEIN-TO-ENERGY LEVELS FOR MAXIMUM

GROWTH OF TILAPIA ZILLII FINGERLINGS

RESULTS
The growth rates, feed conversion and protein and energy

retention of Tilapia zillii fed the test diet containing 350

kcal ME/100g diet in experiment 1 are summarized in table
10. No significant differences (p>0.05) were observed in
percent weight gain, specific growth rate (SGR), feed

55
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conversion (FC) and Net Energy Retention (NER) of T. zillii
fed diet 1 (27.1% CP and 77.2 mg CP/kcal ME) and those fed
diet 2 (30.39% CP and 87.4 mg CP/kcal ME). Growth rates
were significantly improved when dietary protein and P/ME
ratio was increased to 35% and 100 mg CP/kcal ME,
respectively (figure 1). Increasing protein and P/ME ratios
in the diets to 42.24% and 122 resulted in a slight decrease
(p>0.05) in percent weight gain and SGR ( Figure 2). The
relationship between dietary protein and percent gain was
represénted by the curvilinﬁar formula ( Y = -985 + 64.8 X -
.884 Xx2).

FC decreased with increasing dietary protein and P/ME
ratio up to 35% and 100, respectively, then increased with
further increase in dietary protein and P/ME ratio (figure
3). This indicated that the best feed conversion efficiency
was achieved at 35% protein with a P/ME ratio of 100.

Protein production value (PPV) decreased with increasing
P/ME ratios (Y=48.46-0.203, r =-0.92, P<0.05) (figure 4). Net
energy retention (NER) increased with increasing dietary
protein and P/ME ratio up to 35% and 100 mg/kcal ME,
respectively, then a slight reduction occurred (P > 0.05) at
42.24% dietary protein and 122 mg CP/kcal ME (figure 4).

The effect of experimental diets on body composition of
T. zi11ii is shown in table 11. No significant differences
(P>0.05) were observed in whole body water, lipid, protein
and ash as affected by dietary protein and P/ME ratios. Body

1ipid, however, increased (P>0.05) with increasing P/ME ratio.
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Table 10. Growth rates, feed conversion and protein and
energy retention of T. 2illii fingerlings fed test
diets in experiment 1. Values in the same column
with differences greater than LSD are significantly
different at P=0.05.

Diet W W %
# g\f{sh g\fish gain sGrRl pc? PPV NER4

l 1.56 3.76 140 1.39 2.46 34.40 26.20
2 1.53 3.74 141 1.41 2.41 28.33 27.70
3 1.58 4.88 211 1.79 1.94 28.30 35.40
4 1.73 4.85 183 1.65 2.06 24.00 32.45

LSD 0.17 0.64 29.6 0.13 0.18 6.80 4.70

W= Initial body weight g/fish.

Wp= Final body weight g/fish.

SGR1= Specific growth rate (%).

FC2 = Feed conversion (g dry diet fed /g fish
weight gain).

PPV3= Protein production value= weight gain (g)/
protein fed (qg)

NER?= Net energy retention =kcal retained/kcal fed.
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Table 11. Body composition of T. zillii fingerlings fed
the test diets in experiment 1. Values in the same
row with differences greater than LSD are
significantly different at P=0.05.

Component Initial Final
(%)

Water ,71.85 67.60 67.10 68.80 66.91 4.90
Crude protein 53.60 58.20 58.60 55.74 55.34 3.27

Total lipid 26.82 30.31 31.90 33.32 33.56 8.54
Ash 17.83 15.93 15.70 14.65 15.30 3.30
DISCUSSION

This experiment demonstrated that about 35% CP with a
P/ME ratio of 100 mg CP/kcal ME is required for maximum
growth of T. 2zillii fed diets containing 350 kcal ME/100g
diet, while 27% CP and 77 mg CP/kcal ME resulted in maximum
protein retention. Percent weight gain and SGR of T. zillii
fed the experimental diets in experiment 1 increased with
increasing dietary protein and P/ME ratio up to 34.75% and
100 mg CP/kcal ME. Further increase in dietary protein and
P/ME ratio resulted in decreasing £ish growth rates. FC, on
the other hand, was negatively correlated to dietary protein
and P/ME ratio up 34.75% and 100 mg CP/kcal, meaning better
feed conversion efficiency with increasing protein and P/ME

in the diets up to this level. Increasing dietary protein to
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42.24% and P/ME ratio to 122 mg CP/kcal, resulted in reducing
the feed conversion efficiency. The decrease in growth rates
and FC efficiency at protein levels above 35% may have been
due to increased energy demands to deaminate excess protein
absorbed.

The relationship between growth rates and dietary
protein and P/ME ratio in this study appeared similar to that
reported on other tilapias (Teshima et al., 1978; Mazid et
al., 1979; Winfree and Stickney, 1981; Jauncey, 1982b; Wang
et al., 1985b; Teshima et al., 1985b). Teshima et al. (1978)
fed fingrerling T. 2illii (1.54-1.84 g) semipurified,
isocaloric (2500 kcal ME/kg) diets with varying levels of
protein (Casein), at a rate of 4% of the fish body weight/day
for 26 days. They found that the fish required 35-40% dietary
protein with a P/ME ratio of 100-114 mg CP/kcal ME for
maximum weight gain. Increasing dietary protein beyond 40%
resulted in reducing the fish weight gain. Mazid et al.
(1979) reported that T. zilli (1.76g average weight) fed
semipurified, isocaloric (360 kcal/100g) diets, with varying
protein levels, at a rate of 10% of their body weights per
day required 35% protein with a P/ME ratio of 95 mg CP/kcal
for maximum growth while 30% dietary protein and 81 mg
CP/kcal ME were required for maximum protein and energy
retention. However, there were striking differences in fish
performance between the two studies. Teshima et al. (1978)
reported a maximum weight gain of 51.7%, and a feed

conversion efficiency of 2.0, in a 26-day study, while Mazid
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et al. (1979) reported a maximum weight gain of 91% and feed
conversion of 1.2 in a 21-day study. The optimum SGR and FC
of T. zi11ii observed in the present study (1.79 and 1.94,
respectively) were very similar to the values reported by
Teshima et al. (1978) for the same parameters.

Because the results of Mazid et al. (1979) were
inconsistent with our results and the results observed by
Teshima et al. (1978), some of their results were
recalculated from data presented in the paper. Surprisingly,
significant errors were found. For example, the FC of T.
2i11ii fed a diet containing 35% CP was recalculated using
their initial fish weight of 1.8g and the final weight of
3.429. Assuming a linear increase in fish weights over the
short (21 days) duration of the experiment, the weight at the
end of weeks 1 and 2 would have been 2.4 and 2.9 g,
respectively. Consequently, the total amount of feed fed to
the fish based on a 10% daily feeding rate adjusted weekly,
would have been 3.7 g. The feed conversion should, therefore
have been 2.27 (3.7/1.62) instead of 1.2 reported by these
researchers. Errors were apparently reported in protein
deposition and energy retention. In treatment #2 (30% CP) for
example, they reported values of 77.8 and 38.51% for protein
deposition and energy retention, respectively. When these
parameters were recalculated, values of 53.7% for protein
deposition and 31.51% for energy retention were obtained.
Therefore, the results and conclusions of Mazid et al. (1979)

are highly questionable.
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Protein Production Value (PPV) in experiment 1 was
negatively correlated to dietary P/ME ratios (Y=48.46-0.203X,
r =-0.92, p<0.05)) (figure 4), as has been demonstrated in
many coldwater and warmwater fishes (Lee and Putnam, 1973;
Adron et al., 1976; Jauncey, 1979; Mazid et al., 1979;
Bromeley, 1980; Medland and Beamish, 1985; Beamish and
Medland, 1986). This indicated that isocaloric diets
containing higher levels of protein and P/ME ratio were
utilized less efficiently, in terms of protein retention
than those containing lower levels of protein and P/ME
ratios. It also indicated that diets containing highef
dietary protein levels, protein may was used as energy source
resulting in lower protein retention. Since the oxidation of
dietary protein to energy is an energy demanding process,
additional dietary energy is required to deaminate the excess
protein consumed.

Net energy retention (NER), increased with increasing
protein levels and P/ME ratios in the diets up to 34.75% and
100 mg CP/kcal, respectively. Further increase in dietary
protein and P/ME resulted in a reduction in NER. This may
support the assumption that dietary protein levels above 35%
will be deaminated, and more energy required for this process
resulting in less energy retention. Thus, optimum dietary
protein and P\ME ratio required for maximum growth of T.
zillii , produced the highest NER. This is in agreement with
the recalculated results of Mazid et al. (1979).

Studies on the protein and energy requirements of other
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tilapias have shown variable results. Winfree and Stickney
(1981) studied the effect of varying protein and energy
levels on growth and FC of O. aureus. They found that optimum
dietary protein and P/DE ratio of O. aureaus fed semipurified
diets decreased with fish size. Small O. aureaus (2.5g)
required 56% protein and 4600 kcal DE/kg (P/DE ratio of 123
mg CP/kcal DE), while larger fish (7.5g) required only 35%
protein and 3200 kcal DE/kg (P/DE ratio of 108 mg CP/kcal
DE) for maximum growth. Jauncey (1982b) observed maximum

growth of O. mossambicus (1.83g average weight) at 40%

dietary protein and 116.6 mg CP/kcal ME. He fed the fish
essentially isocaloric (3.11-3.74 kcal ME/qg) diets with
varying levels of protein (fish meal). SGR and protein
retention increased with increasing dietary protein and P/ME
ratio up to 40% and 116.6 mg CP/kcal, then decreased with
further increase in protein and P/ME levels. However, since
the diets in Jauncey's (1982b) study were not isocaloric, the
reported results may have lead to misleading conclusions.
Wang et al. (1985a) found that daily feed intake by 0.
niloticus was affected by dietary protein levels. With
increasing dietary protein food consumption decreased. They
reported that the growth rates of the fish were better at 30%
protein than at 40%, when sufficient DE was available. The
same researchers (Wang et al., 1985b) reported that O.
niloticus fed semipurified diets containing casein as the
protein source, at a rate of 3.5% of their body weight,
required 25% dietary protein and 67-71 P/DE ratio for maximum
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growth. Other studies on O. niloticus nutrient requirements
showed that this species requires 30 to 40% dietary protein
for maximum growth (Teshima et al., 1985a,b). It appears that
T. zillii requires lower dietary protein and P/E levels for
maximum growth than required by other tilapias except O.
niloticus, which may require dietary protein levels similar
to that required by T. zillii.

The relationship between fish performance and dietary
protein and P/ME ratio of T. zi11ii in the present study
appeared similar to that reported for a number of other
fishes. Ogino and Saito (1970) found that maximum growth rate

of carp Cyprinus carpio was achieved at 55% dietary

protein, while only 21% protein was required for maximum
protein retention. Lee and Putnam (1973) reported that
protein efficiency ratio (PER) and protein retention in
rainbow trout were negatively correlated to P/ME ratio in the
diets. Steffens (1981) found that raising dietary protein in
rainbow trout feed improved fish growth rates and FC, but
reduced PER and PPV. Reducing dietary protein, on the other
'hand, reduced growth rates and feed conversion efficiency,
while PER and PPV were improved. Papoutsoglou and Alexis
(1986) studied protein requirement of gray mullet fed
isocaloric diets varying in protein levels and P/GE ratios.
They found that above 24% protein and 62 mg CP/kcal in the
diets, SGR leveled off, while FC continued to improve with
increasing protein and P/GE levels in the diets up to 60% and

144.93, respectively. PER and protein retention, on the other
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hand, were negatively correlated to dietary protein levels
and P/GE ratios. These studies indicated that if dietary
protein was fed in excess, this excess protein was used as
energy instead of for growth. It is expensive to use dietary
protein for energy, since protein is the most expensive
component in the feed (Jauncey and Ross, 1982). In addition,
the main excretory end-product of protein catabolism in
fishes is ammonia (Smith et al., 1978b), which is toxic to
fish and causes growth retardation if accumulated in culture
water (Burrows, 1964; Smith and Pipper, 1975). Therefore, the
catabolism of dietary protein for energy should be minimized.
Body composition should be considered in formulating
fish diets, so that diets promoting maximum growth and
protein deposition can be formulated. Body composition in
experiment 1 was not significantly affected by dietary
protein and P/ME levels. Body lipids, however, showed a
slight (P>0.05) increase with increasing dietary P/ME ratio
in the diets. This is in agreement with the results of
Teshima et al. (1978) on T. zillii. Contrary to the results
of the present experiment and those reported by Teshima et
al. (1978), Mazid et al. (1979) found that body lipid of T.
2il11ii fed semipurified diets was negatively correlated to
protein levels in diets. The contradiction may have been
caused by the differences in culture conditions, diet
composition, feeding regimes and methods of analysis and

calculations between the studies.
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In summary, experiment 1 showed that 35% dietary
protein and a P/ME ratio of 100 mg CP/kcal ME produced
maximum growth, feed conversion efficiency and NER in T.
2i11ii fingerlings, while 27% protein and 77.2 mg CP/kcal ME

was required for maximum PPV.



EXPERIMENT 2: DIETARY PROTEIN AND ENERGY REQUIREMENT OF
TILAPIA ZILLIT FINGERLINGS.

This experiment was conducted to determine dietary
protein and energy requirement of T. 2illii fed semipurified
diets containing variable protein and energy levels while
maintaining a constant P/ME ratio. Based on the results of
experiment 1, four diets containing different protein (25,
30, 35 and 40%) and energy (250, 300, 350 and 400 kcal
ME/100 g diet) at a constant P/ME ratio of 100 mg CE/kcal ME

were formulated (table 4).
RESULTS

Changes in fish weight over the period of study (8 weeks)
are shown in figure 5. Linear regression analysis (table 12)
showed that diet 1 with the lowest protein and energy levels
had the lowest slope (P < 0.05) (low slope means low growth
rate) compared to the other diets. Diet # 1 also produced the
lowest SGR, percent gain and the highest feed conversion
(table 13).

Increasing dietary protein and energy levels to 30% CP
and 306 kcal ME/100 g, respectively (diet # 2), significantly
improved fish growth (P < 0.05) (figure 6). Further increase
in dietary protein and energy to 40% and 400 kcal ME/100g,
did not result in any significant effect on fish performance
(P > 0.05). Groups of fish fed diet 4 containing the highest

70
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protein and energy levels exhibited a slight retardation (P>
0.05) in percent weight gain and SGR (figure 6).
Table 12. Regression analysis of fish weights (g) and time

(weeks) of T. zillii fingerlings fed test diets in
experiment #2.

Diet # Regression equation Correlation Significance
coefficient 1level (P)

1l Y=2.006+0.2850X 0.999 0.05
2 Y=1.980+0.3667X 0.995 0.05
3 Y=1.996+0.3596X 0.996 0.05
4 Y=2.240+0.3786X 0.986 0.05

Food conversion was not significantly affected by
dietary protein and energy levels at P=0.05. When FC values
were statistically analyzed at P=0.1, significant effects of
dietary treatments were found. PPV was negatively (P>0.05)
correlated to dietary protein and energy levels (Y=40.49-
0.46X, r=-0.964). NER was not significantly affected by the
levels of protein and energy in the diets (P > 0.05).

Body composition analysis of T. 2zillii fed the test
diets is summarized in table 14. Body water, protein and ash
were not significantly affected (P>0.05), while body lipid
was significantly affected (P<0.05) by dietary treatments,
showing a positive correlation (Y¥=20+0.415X, r=0.96, P=0.05).
Body protein and ash showed biphasic patterns in response to

protein and energy levels in the diets.



Table 13.

Growth rates,
energy retention T. zillii fingerlings

fed test diets experiment 2. Values in the same
column with differences greater than LSD are

73

significantly different at P=0.05.

feed conversion and protein and

Die;\gfsh g\gfsh gatn sGrR! Fc?2 ppv3 NER®
1 2.06 4.29 106.0 1.29 2.28 28.35 29.90
2 1.99 4.84 142.0 1.58 1.96 27.74 33.86
3 1.96 4.81 146.0 1.61 1.92 24.26 29.30
4 2.06 5.00 143.0 1.58 2.06 22.16 29.13
ISD 0.11 0.43 31.0 0.24 0.41 7.90 8.50

Wr= Initial body weight g/fish.

Wp= Final body weight g/fish.

SGR1l= Specific growth rate (%).

FC2 = Feed conversion (g dry diet fed /g fish

weight gain).

PPV = Protein production value= weight gain (g)/

protein fed (g)

NER%= Net energy retention =kcal retained/kcal fed.
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SPECIFIC GROWTH RATE
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Table 14. Body composition of T. zillii, fingerlings
fed test diets in experiment 2. Values in the
same row with differences greater than LSD
are significantly different at P=0.05.

Component Initial Final on diet
LsSD
1 2 3 4
Water 69.87 70.15 69.35 69.30 67.60 5.70

Crude protein 51.55 53.43 52.90 52.20 52.23 4.87
Total 1lipids 30.20 30.88 33.47 33.52 37.30 4.86
Ash 15.49 13.70 13.80 14.11 12.94 1.86

DISCUSSION

At a constant P/ME ratio of 100 mg CP/kcal ME, only diet
# 1 containing low protein and energy (25.43% CP and 250 kcal
ME/100g) contents produced significantly lower growth and
feed conversion. Since fishes, like other animals, eat to
satisfy their energy requirements, it appears that protein
and energy levels in diet #1 were not sufficient to meet the
fish's energy requirement at the restricted feeding rate of
3%. Fish fed diet # 2 containing moderate levels of protein
and energy (30% CP and 306 kcal ME/g) grew at a rate
comparable to those fed higher levels of dietary protein
(34.6-40%) and energy (344-400 kcal ME/100g). This indicated
that at the proper P/ME ratio, not only protein can be
spared, but also a proportion of dietary energy can be
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saved. This finding is of great economic importance in
formulating practical fish feeds.

Studies on the relationship between dietary protein and
energy for other tilapias have shown similar results. Growth
rate of T. zillii (teshima et al., 1978), O. aureus (Winfree
and Stickney, 1981) and O. niloticus (Teshima et al.,
1985a,b) increased with increasing dietary protein and energy
to the levels required by the fish. Further increase in
protein and energy in the feed decreased growth rates. These
studies clearly indicated that the concept of dietary
protein-to-energy ratio must be restricted to diets
containing sufficient amounts of protein and energy. This
relationship has also been demonstrated in channel catfish
(Garling and Wilson, 1976) and rainbow trout (Lee and
Putnam, 1973).

Garling and Wilson (1976) demonstrated that an optimum
P/ME ratio produced maximum growth rates of channel catfish
over a limited range of dietary protein and energy. They
found that diets with approximately equal P/ME ratio, which
differed in protein and energy content, produced
significantly different performance in the fish. Diets
containing 24% CP at 275 kcal/100 g diet produced performance
similar to diets containing 28% CP at 341 kcal ME/100g diet.
This performance was significantly different from diets
containing 36% CP and 407 kcal ME/100g, even though the three
diets had approximately the same P/ME ratio.

Lee and Putnam (1973) fed rainbow trout diets containing
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different protein, energy and P/ME levels. They found that at
low protein levels diets having the same P/ME ratio but
differed in their protein and energy contents produced
significantly different growth rates. When dietary protein
and energy were increased while P/ME ratio was kept constant,
growth rates were not significantly affected by adding
protein and energy to the diets. This study clearly
demonstrated that dietary protein above the levels required
by the fish will be deaminate and used for energy, while
excess energy will be deposited as fat in fish body.

Protein Production Value (PPV) in experiment 2 was
negatively correlated to protein and energy contents of the
diets. This indicates that at high protein and energy levels,
protein was used as energy source while lipids and
carbohydrates were deposited as fat in fish body. In support,
Cho et al. (1976) reported a decrease in protein retention by
rainbow trout when dietary protein was raised from 40 to 60%.
They found that heat increment (HI) increased with increasing
dietary protein. More recently, LeGrow and Beamish (1986)
reported an increase in HI in rainbow trout when dietary
protein was increased from 34 to 60% at high energy (lipid)
levels. These researchers concluded that dietary protein was
presumably deaminated and oxidized for energy, resulting in
rising HI.

The decrease in PPV in experiment 2 with increasing
dietary protein and energy contents agreed with the results
of Mazid et al (1979) on Tilapia zillii and Jauncey (1982b)
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on Oreochromis mossambicus. This may explain the negative

correlation between body fat and dietary protein in the study
of Mazid et al. (1979). At high dietary protein levels,
protein was presumably used as energy, while dietary energy
served as a fuel for the process of deamination of excess
protein 1leading to low fat deposition.

The relationship between body composition and dietary
protein and energy in trial 2 was similar to that found in
experiment 1. Only body lipid was significantly affected
(P<0.05) by dietary protein and energy levels, showing a
positive correlation. Diet # 4, with the highest protein and
energy level resulted in a significantly higher body lipid
(P<.05) than other diets. This may suggest that dietary
protein and energy will be deposited as fat in the fish when
they are fed in excess.

In conclusion, 30% dietary protein and 300 kcal ME/100g
diet at a P/ME ratio of 100 mg CP/kcal ME produced the
optimum growth and feed conversion of T. zillii fingerlings.
Increasing dietary protein and energy above these levels did

not improve fish growth rates and feed conversion.
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EXPERIMENT 3: THE UTILIZATION OF CARBOHYDRATES AND LIPIDS

AS ENERGY SOURCES FOR TILAPIA ZILLII FINGERLINGS

This experiment was designed to confirm the assumption
that dextrin can be substituted for lipids at a rate of
2.25:1 in diets for Tilapia zillii. The effect of dietary

lipid and carbohydrate on growth, feed conversion and body
composition of T. 2zil1lii was investigated. Four isocaloric
(300 kcal/l00g diet), isonitrogenous (30% CP) diets with
varying levels of carbohydrates (dextrin) and lipids (cod
liver oil-soy bean oil mixture) (table 5) were fed to
different groups of T. zillii for 6 weeks.

RESULTS

Percent weight gain and SGR were much lower in fish
fed diet # 1 containing high dextrin (41.0%) and low fat
(1.70%) levels with carbohydrate-to-lipid (CHO :L, W:W) ratio
of 24.1 than in fish fed the other diets (table 15).
Increasing dietary lipid content to 4.2% (diet # 2) with a
CHO:L ratio of 8.81 significantly improved (P<0.05) growth
rates and FC (figures 8 and 9). Further increases in dietary
lipid up to 14.8% concommitant with a decrease in dextrin
to 12% did not significantly (P>0.05) improve growth
parameters of T. zillii. It is noteworthy that the growth
rate of T zillii fed diet 1 was comparable to the growth
rates of those fed other test diets during the first 3 weeks

of the experiment followed by a dramatic reduction over the
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Table 15. Growth, feed conversion and protein and energy
retention of T. 2illii fingerlings fed test diets
in experiment 3. Values in the same column with
differences greater than LSD are significantly

different at P=0.05.

Die;\gish g\ggsh tgain sGR! Fc? ppv3  NER?
1 1.85 2.89 57.70 1l.11 2.60 16.52 8.49
2 1.84 3.71 101.30 1.76 1.56 24.31 22.46
3 1.83 3.75 105.00 1.79 1.56 29.30 27.85
4 1.87 3.93 109.00 1.84 1.54 33.30 37.55
LSD 0.15 0.34 11.7 0.23 0.27 6.70 8.00

Wy= Initial body weight.

Wp= Final body weight.

SGR1l= Specific growth rate (%).

FC2 = Feed conversion (g dry diet fed /g fish

weight gain).

PPV3= Protein production value= weight gain (g)/

protein fed (g)

NER%= Net energy retention =kcal retained/kcal fed.
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rest of the experimental period (figure 7).

The effect of dietary lipids and carbohydrates on PPV
and NER in this study was significant (P<0.5). PPV and NER
were both very low in fish fed diet # 1, containing low 1ipiad
and high carbohydrate levels (figure 10) and increased
sharply (P<0.05) with increasing dietary lipids indicating
positive correlations (table 16).

Carcass composition was significantly affected (P<0.05)
by dietary energy source (table 17). Body moisture, protein
and ash were negatively correlated to dietary lipid. Body
lipid was positively correlated to lipid contents of the
diets (figure 11).

Table 16. Linear regression analysis of protein and energy

retention and body components of T. zillii
as affected by dietary lipid in experiment 3.

Component Regression equation Correlation Significance
coefficient 1level (P)

PPV Y=17.17+1.17X 0.946 0.05

NER Y= 9.,48+1.98X 0.948 0.05

Water Y=72,.30-0.26X -0.956 0.05

Protein ¥Y=59,34-0.28X =-0.900 0.05

Lipia ¥Y=19.18+0.72X 0.910 0.05
DISCUSSION

Tilapia 2illii utilized CHO and lipids as a source of
dietary energy when substituted at 2.25:1, respectively.
However, diet # 1 containing 41% CHO and 1.7% lipids with
CHO:L ratio of 24.1 produced the poorest performance in the
fish. Increasing lipid content in the diets to 4.2%
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concommitant with a reduction in CHO content to 36.8% with a

CHO:L ratio of 8.80 significantly improved (P<0.05) growth
rates and feed conversion efficiency. Further increase in
dietary lipids up to 15% with a decrease in CHO levels to 12%
with a CHO:L ratios ranging from 8.80 to 0.81%, did not

significantly improve the fish growth and feed conversion.

Tablel7. Body composition of T. 2il1ii fingerlings fed
the test diets in experiment 3. Values in the
same row with differences greater than LSD are
significantly different at P=0.0S5.

Component Initial Final
3 LSD
1 2 3 4
Water 64.00 72.30 70.60 70.10 68.50 2.73

Crude protein 52.20 59.50 57.16 57.40 55.13 3.14
Lipid 23.60 18.30 24.60 25.93 29.40 4.78
Ash 16.45 16.85 15.95 15.19 14.58 1.53

The range of dietary CHO:L producing insignificant
effect (P=0.05) on fish performance in this experiment (8.80
- 0.81), was wider than that found for channel catfish.
Garling and Wilson (1977) observed that dextrin could replace
lipids in the diets of channel catfish based on physiological
fuel values (2.25:1) at CHO:L ranging from 4.5 to 0.45
without significant effect on fish performance. It appears,
therefore, that T. 2illii can utilize CHO more efficiently
than catfish.
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Yone (1979) found that growth retardation and low feed
conversion efficiency occurred in carp (herbivore), red sea
bream (omnivore) and yellow tail (carnivore) at 40, 30 and
20% dextrin, respectively, indicating that herbivorous fishes
can utilize carbohydrates more efficiently than omnivorous
and carnivorous fishes. Anderson et al. (1984) found that
growth rates of tilapia, 0. niloticus were improved with
increasing carbohydrate levels in the diets from 0.00 to
40%. It would appear, therefore, that T. zillii can utilize
CHO as efficiently as O. niloticus and carp, and more
efficiently than catfish, red sea bream and yellow tail.
Percent weight gain of T. zil1ii fed a 1ow fat and high CHO
diet (diet 1) in this experiment was comparable to fish fed
higher fat and lower CHO diets over the first 3 weeks the
study (Figure 7). A drastic reduction in growth rates
occurred in fish fed diet #1 over weeks 4-6. This decrease in
growth may have been related to deficient essential fatty
acids (EFA's), since this diet contained only 1.7% 1lipia.
Kanazawa et al. (1980) demonstrated that T. 2illii require
about 1% dietary linoleic (18:2n-wg) or arachidonic ( 20:4n-
wg), for maximum growth. Diet # 1 contained less than 1% wg
FA. The improvement in fish growth and FC when dietary lipid
content was raised to 4.2% (diet # 2) may indicate that the
EFA requirement of the fish was met at this level. T. 2i11ii
may have been able to utilize higher levels of dietary CHO
(>37% dextrin) if adequate (EFA's) were available. However,

this assumption was not tested in this experiment. Because



s Ay - -

89

the test diets were isocaloric (300 kcal ME/100g diet), it
was impossible to increase lipid content at CHO levels above
41% in diet #1.

EFA deficiency has been reported in many species. Yu and
Sinnhuber (1975) reported a growth retardation in rainbow
trout when fed diets containing low levels of w; and high
levels of wg FA's. Fish growth was improved when 1% w3 FA was
added to the diets. Growth rates of rainbow trout was
decreased when w3 FA level was increased to 2.5 and 5% (Yu
and Sinnhuber, 1976). Similar observations on w3 deficiency
in rainbow trout were reported by Castell et al. (1972a,b,c)
and Takeuchi and Watanabe (1977a). Takeuchi and Watanabe
(1977a) found that fat-free diets and EFA deficient diets
resulted in a retarded growth in mirror carp, while addition
of 1% 18:3w; and 1% 18:2wg significantly improved fish growth
rates. Growth and feed conversion of the the japanese eel

Anquilla japonica were significantly improved when a mixture

of 0.5% 18:2n-6 + 0.5%18:3n-3 or 0.5%20:5 and 22:6
Polyunsaturated fatty acids (PUFA) was added to the diets
(Takeuchi et al. 1980). Stickney and McGeachin (1983)
demonstrated that blue tilapia 0. aureus require dietary
linoleic FA but not higher molecular weight w, FA's
for maximum growth.

PPV and NER in this experiment were positively
correlated to dietary lipid in the diets (table 16).
Since all diets were isocaloric and isonitrogenous, any

effect on fish growth and feed conversion could be attributed
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to the relative amounts of non-protein energy sources. The
increase in PPV and NER with increasing lipid content in the
diets may, therefore, indicate that T. 2illii, despite being
herbivorous fish, can utilize dietary lipid more efficiently
than CHO. These results are in a full agreement with those of
Teshima et al. (1978). They fed T. zillii semipurified diets
containing varying 1ipid (5, 10 and 15%) and carbohydrate
(31.25-46.87%) levels. They found that weight gain and FC
were improved with increasing dietary lipid up to 15%. Fish
fed a diet containing 35% protein, 15% lipid and 36.87%
carbohydrates had better weight gain than those fed other
diets. They concluded that 1lipid might have been utilized
more efficiently as an energy source than carbohydrates.
Increasing dietary lipid levels in the present experiment may
have also led to a reduction in the energy lost as heat,
resulting in a more efficient utilization of dietary protein.
This might have lead to increasing PPV. Similar observations
were reported on rainbow trout (Medland and Beamish, 1985;
Beamish and Medland, 1986). When rainbow trout were fed
nutritionally balanced diets, the energy lost as heat
decreased with increasing dietary lipids providing more
efficient utilization of dietary protein for growth. The
results of the present experiment also agree with results of
many researchers on both warmwater and coldwater fishes
(Reinitz et al., 1978; Takeuchi et al., 1978a,b,c, 1979; Yu
and Sinnhuber, 1981; Gatlin and Stickney, 1982). These

studies demonstrated that net protein utilization (NPU)
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increased as dietary lipids increased.

Body composition, as affected by dietary energy sources
showed different patterns. Body fat was positively correlated
to dietary lipids, while other body components showed
negative correlations (table 16). This may indicate that when
dietary lipid was supplied in excess, a proportion of this
lipid was deposited as fats. This is in agreement with the
results on rainbow trout ( Lee and Putnam, 1973), channel
catfish (Page and Andrews, 1973; Garling and Wilson, 1977)
and carp (Dabrowski, 1977).

This experiment demonstrated that T. zillii fingerlings
require about 4.2% dietary lipid to meet their EFA
requirements. They can also utilize at least 37% dietary CHO
without any suppressive effect on their growth. Increasing
dietary 1lipid to about 15% concommitant with a decrease in
CHO content to 12% did not significantly affect these
growth parameters. Both PPV and NER showed a significant
increase with increasing dietary lipid up to 15%,
indicating ﬁhat dietary protein utilization by T. 2il11lii
was improved with increasing l1ipid levels in the diets.
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STAGE 2:
EVALUATION OF COTTON SEED MEAL AND SESAME MEAL
AS PROTEIN SOURCES FOR TILAPIA ZILLII

The second stage of this study included three
experiments to evaluate cotton seed meal (experiment 4)and
sesame meal (experiments 5 and 6) as protein sources for T.
2zil1ii. Cotton seed meal and sesame meal may be desirable
protein sources for tilapia due to their relatively high
protein content, low price and availability in Egypt.

EXPERIMENT 4: EVALUATION OF COTTON SEED MEAL (CSM) AS A

PROTEIN SOURCE FOR TILAPIA ZILLII FINGERLINGS

This experiment was conducted to evaluate cotton seed
meal (CSM) as a protein source for T. 2zillii fingerlings.
Five practical diets containing CSM at levels of 0 (control),
20, 50, 80 and 100% of the total protein in casein-gelatin
based semipurified diets were formulated (table 7) and fed to
T. zil11ii for 40 days.

RESULTS

Diet #2 containing 20% CSM produced a significantly
greater growth rates (P<0.05) than all other diets including
the control(table 18). At 80% CSM substitution level, percent
weight gain, SGR, FC, PPV and NER were comparable to the
control (figures 12-14). Increasing CSM in the diets to 100%,

where all the protein in the control diet was replaced by
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Tablel8. Growth rates feed conversion and protein and

energy retention T.zillii fingerlings fed

test diets in experiment 4. Values in the same

column with differences greater than LSD are

significantly different at P=0.05.

Eietc;u g\f{sh g\f{sh g§1n sGRl Fc?2 pErR? pPPVv®¥ NERS
1 0 1.52 3.07 103.00 1.77 1.60 2.05 30.12 23.90
2 20 1.20 3.09 161.00 2.40 1.40 2.26 35.50 26.40
3 50 1.18 2.68 136.00 2.13 1.62 2.00 30.14 21.50
4 80 1.29 2.73 112.60 1.88 1.84 1.73 26.70 20.96
5 100 1.39 2.31 69.70 1.31 2.58 1.30 20.50 12.61
LSD 1.48 1.68 41.16 0.47 0.55 0.81 12.38 9.74

WI’ Initial body weight g/fish.

Wp= Final body weight g/fish.

SGR1= Specific growth rate (%).

FC2 = Feed conversion (g dry diet fed /g fish

weight gain).

PER3= Protein efficiency ratio = weight gain (g)/

protein fed (g)

PPV4= Protein production value= protein gain (g)/

protein fed (g)

NER®= Net energy retention =kcal retained/kcal fed.
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resulted in a sharp reduction (p<0.05)

in all growth parameters measured (table 18).

Carcass composition of T. 2illii fed cotton seed meal is

summarized in table

19. Clear trends were observed in carcass

fat and ash. Body fat showed a negative correlation with CsM

levels (¥Y=32.93-0.036X, r=-0.94), while a positive

correlation was found in the case of body ash (¥Y=13.14+

0.036X, 1r=0.88). The relationship between body protein and

CSM was less regular. Protein values tend to increase with

increasing CSM levels up to 50%, then decreased thereafter.

In contrast to other body components, water content was not

significantly affected by dietary treatments (p>0.05).

Tablel9. Body composition of T.z2illii fingerlings fed
test dietsin experiment 4. Values in the same

row with differences greater than LSD are
significantly different at P=0.05.

Component Final on diet

$ Initial LSD

1 2 3 4 5
Water 78.80 75.40 76.20 77.30 76.40 76.10 2.54
Protein 49.70 55.10 59.10 61.00 58.20 58.00 3.40
Fat 32.00 32.83 32.00 31.32 30.80 27.60 3.32
Ash 16.20 14.00 13.92 13.92 15.30 17.70 1.60
DISCUSSION

The worldwide expansion in intensive and semi-intensive

aquaculture in recent years has increased the demand for

protein and energy supplements in fish feeds, and as a
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result, the prices of fish feed ingredients are rising
rapidly. The prices of fish meal (FM), for example, has
sharply increased in the last few years, because of the high
market demand and the shortage in supply (Davis and Stickney,
1978; Reinitz, 1980; Jackson et al., 1982).

Anothervproblem facing the aquaculture industry,
especially in the Third World Countries, is the rapid
expansion in the livestock industry, which absorb locally
produced feedstuffs as rapidly as they are produced
(FAO, 1983). This leaves little or no room for fish feeds. As
a result of the shortage of the locally produced feedstuffs

of high protein content in these countries, fish meal (FM)
| and soy bean meal (SBM), the main protein sources for
livestock feeds, have to be imported. It has, therefore,
become necessary that unconventional and underutilized
ingredients from locally available sources be used as a
supplementary feed for fish.

This experiment demonstrated that CSM can be a good
replacement for expensive and locally unavailable fish meal
and soy bean meal proteins sources. T. 2illii fed CS protein
up to 80% of the total dietary protein grew at a rate similar
to those fed the control diet without a suppressive effect on
their performance (table 18). Despite the sharp reduction in
growth rates, feed conversion efficiency and PPV and NER at
100% CSM level in the diet (figures 12-14), the feed
conversion of T. zillii was still in the range accepted in

intensive tilapia culture (Guerrero, 1979a, 1980a; Campbell,
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1978b). Bearing in mind the low prices of CSM in EGYPTl, it
would be justifiable to use CSM as the sole dietary protein
source for T. zillii. A balance is sought between the
reduction in fish production at a 100% substitution level and
feed cost by careful analysis of the costs and the benefits
the feeds.

The results of the present study agree with those of
Jaqgson et al. (1982). They evaluated CSM as a dietary

~

protein solurce for male O. mossambicus (about 13g average

weigh{:). They fed the fish isocaloric, isonitrogenous test
diets with varying levels of CSM, and a control diet
containing FM as a protein source. The best FC and SGR were
achieved at 50% CSM level and retarded as the substitution
levels were increased. Fish performance, however, was
reasonable éven at a 100% CSM inclusion level. The
researchers concluded that CSM can be used as the sole

protein source in the diets for S. mossambicus. It is

noteworthy that the performance of T. zillii in the present
study was better than that obtained by Jackson et al. (1982)

on S. mossambicus, as shown in table 20.

The results of this study and the findings of Jackson et
al. (1982), are contrary to Ofojekwu and Ejike (1984) who
found that CSM can not be used successfully as a single
protein source for nile tilapia (0. niloticus). They fed nile
tilapia (47.71g average weight) 5 different cotton seed-based
diets and a control containing FM as a protein source for 8

weeks. Fish fed CSM had poor growth, feed conversion and
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protein conversion compared to those fed the control,

indicating that CSM can not be used as a sole dietary protein
source for O. niloticus. It appears that the ability of
tilapia to utilize CSM depends on the species and size.

CSM can be used by other fishes. Fowler (1980)
partially replaced CSM for FM in diets for chinook salmon
(1.5g) and coho salmon (6.9g). He found that both chinook and
coho salmon utilized CSM efficiently up to 34 and 22%
replacement levels, respectively. Dorsa et al., (1982), on
the other hand, found that diets containing more than 17% CSM
depressed the growth rates of age-0 channel catfish. Robinson
et al. (1984b) investigated the effect of glanded and
glandless cotton seed products on the growth rates of channel
catfish. They fed age-0 fish isocaloric, isonitrogenous
diets containing either glanded or glandless cotton seed
products supplemented with lysine, for 10 weeks. They found
that defated, glandless cotton seed flour was used more
efficiently than other cotton seed compounds,indicating that
it is an adequate protein source for channel catfish.
However, the performance of the fish fed diets containing up
to 26.5% glanded CSM was not significantly different from
those fed the control diet. They stated that if CSM is used
as a protein source in catfish feeds, 40 to 50% glandless
products must be used.

An important factor limiting the usage of CSM or cotton
seed cake (CSC) in fish feeds is gossypol content. Gossypol

is a yellow phenolic compound found in the glands of seed
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kernels of the genus of cotton Gossypium. Gossypol has been
found to be toxic to a wide range of animals. It was found to
inhibit digestive enzymes and contain anti-oxidant, which
diminished appetite of and caused constipation in many
terrestrial animals (Lovell, 1980; Jauncey and Ross, 1982).
The degree of gossypol toxicity depends upon the degree
of its binding to the pigment glands. Binding of gossypol in
oil seed or cake makes the product non-toxic, while its
release from the gland during mechanical processing renders
the lysine unavailable, by reacting with the amino groups of
the acid (Jauncey and Ross, 1982). Processing by solvent
extraction method results in high levels of gossypol
remaining in the gland, and consequently, less binding of
lysine (Smith, 1970). Studies on the effect of gossypol on
fish growth are species specific. While Herman (1970)
reported that 0.03% dietary gossypol is toxic to rainbow
trout, Dorsa et al. (1982) found that channel catfish can
tolerate up to 0.09% free gossypol in their diets without any
suppressive effect on their growth. Furthermore, Robinson et
al. (1984a) fed O. aureus glanded or glandless cotton seed
products and free gossypol. Fish fed glanded and glandless
CSM exhibited poor growth compared to those fed a control
diet containing FM and SBM. When the fish were fed purified
diets containing free gossypol, they were found to tolerate
up to 0.2% gossypol without any significant reduction in
growth. The poor performance of the fish fed glanded or

glandless cotton seed products was related to cyclopropionic
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acids contained in cotton seed lipids, rather than to free
gossypol or an amino acid deficiency.

The acceptable growth rates and feed conversion
efficiency of T. 2i11ii fed CSM diets in the present trial,
even at a 100% substitution level, suggest that gossypol did
not cause any major problems to the fish, durin§ the short
term of the study. It can also be assumed that amino acid
profile of the experimental diets as weil as their
digestibilities were fairly good.

In conclusion, this experiment has shown that CSM can
replace casein-gelatin as a protein source for T. zillii up to
a 100% substitution level, indicating that it can be used as
a sole protein source in practical diets for these fish. A
balance is sought between the reduction of fish production
and the feed costs bearing in mind the low prices of CSM.

All studies conducted on the use of CSM as a protein
source for tilapia were short term studies. The conclusions
of these studies may, therefore, be invalid. Long term
research is needed namely in the following areas:

1) effect of gossypol content on fish performance.

2) effect of lysine deficiency in CSM on fish performance.
3)effect of the methods of cotton seed processing on fish
response to CSM.

4) effect of fish size on CSM utilization by different
tilapias.
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EXPERIMENTS 5 AND 6: THE USE OF SESAME MEAL (SM) AS

A PROTEIN SOURCE FOR TILAPIA ZILLII

Sesame Meal (SM) might be a potential feed supplement
for fishes due to its high protein content and availability
at low prices in many countries. SM was evaluated as a
protein source for T. zillii in two consecutive experiments
(5 and 6). practical isocaloric (450 kcal GE/100g diet),
isonitrogenous (30% CP) diets containing SM at levels of 0.0
(control), 25, 50 and 75% of the total protein were
formulated and fed to T. 2illii fingerlings (2.5g) for 5
weeks in experiment #5 (table 8). Fish fed SM diets in
experiment 5 developed hemorrhagic symptoms. In experiment
#6, practical isocaloric, isonitrogenous SM-based diets
supplemented with lysine or zinc (table 9) were fed to T.
2illii (9.7g) for 5 weeks to study the effect of the addition
of lysine or zinc on the occurrence of hemorrhagic symptoms

and fish performance.

RESULTS

EXPERIMENT 5:

Percent weight gain, SGR, FC, PER, PPV and NER T. 2illii
fed the control diet were significantly better (P<0.05) than
those fed SM diets (table 21). These growth parameters
decreased sharply when 25% SM was added to the diet.
Increasing SM level in the diets up to 75% did not result in
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Table 21. Growth rates, feed conversion and protein and
energy conversion of Tilapia. zillii fed Sesame
Meal diets in experiments 5 and 6. Values in the
same column with differences greater than LSD are
significantly different at P=0.05.

3 1 2 3 4 5
Diet SM Wt Wg $Gain SGR FC PER PPV NER
Experiment 5:
1 (0] 2.48 5.18 109 2.05 1.46 2.24 25.90 17.70
2 25 2.54 4.04 61 1.40 2.35 1.40 19.00 12.59
3 50 2.62 4.25 63 1.50 2.29 1l.44 19.90 13.57
4 75 2.51 3.86 58 1.32 2.38 1.36 17.60 14.50
LSD 0.26 0.53 13.6 0.21 0.32 0.29 3.12 2.37
Experiment 6:
1 15 9.4 15.00 60 1.33 1.94 1.75 12.90 8.57
2 25 10.3 14.40 40 0.88 2.67 1.23 10.40 8.73
3 25+Lys6 10.0 16.90 67 1.46 1.71 2.20 20.37 15.20
4 25+Zn7 9.3 15.80 69 1.50 1.63 2.02 18.80 14.17
5 25+Lys+
Zn 9.0 16.71 80 1.63 1.57 2.30 22.90 16.58
6 0 10.0 19.10 . 82 1.70 1.40 2.38 23.43 16.13
LSD 1.33 1.84 19.8 0.37 0.80 0.59 4.75 5.15

W= Initial body weight (g/fish).

Wp= Final body weight (g/fish).

1Specific Growth Rate = 100(Logy Wp-Logy Wy)/days.

2Freed Conversion = g dry feed fed/g fish live weight gain.

3protein Efficiency Ratio = g weight gain/g protein fed

4protein Production Value = 100(final body protein-initial

body protein)/protein fed.

SNet Energy Retention = 100(final body kcal-initial body

kcal)/kcal fed.
SLys=0.5%.

72n=30PPM.
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further reduction of fish growth and protein and energy
conversion (figures 15-18). |

Addition of SM to the diets significantly altered
(P<0.05) body water, 1lipid and protein contents (Table 22).
Body water decreased with increasing SM levels in the diets
(Y=80.28-0.023X, r=-0.99), while a positive correlation was
found in the case of body lipids (¥Y=23.63+0.062X, r=0.91)
(figure 18). No specific trends were observed on effects of
SM on body protein, while body ash was not significantly
affected by SM replacement in the diets.

DISEASE and MORTALITY

During the third week of the experiment, fish fed the
SM-based diets developed hemorrhages in the mouth and at the
base of pectoral and anal fins. Initially, it was believed
that this was caused by a bacterial infection or mycotoxin
(aflatoxin) toxicosis from contaminated SM. Fish were treated
with terramycin (5 ppm) for one week, but symptoms did not
disappear. Mortality rate also increased with increasing sM
inclusion level in the diets. Due to the hemorrhagic symptoms
and high levels of the mortality, experiment was terminated
after 5 weeks.

A number of the hemorrhaging fish was removed from the
test aquaria and fed a commercial trout feed. Hemorrhages
started to disappear after two weeks of feeding with
commercial trout feed. When these fish were then refed the
SM test diets the hemorrhages reoccurred. Some fish with

hemorrhages were dissected and their internal organs were
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Table22. Body analysis of Tilapia zillii fed Sesame Meal
diets in experiments 5 and 6.Values in the same
column with differences greater than LSD are
significantly different at P=0.05.

Experiment Diet

Component (%)2

Water Lipid
5 Initial 81.70 22.90
1l 80.16 24.40
2 79.43 24.60
3 79.30 25.80
4 78.50 29.13
LSD 1.04 3.61
6 Initial 79.00 21.30
1l 81.31 22.30
2 79.40 24.90
3 79.53 25.40
4 80.13 25.00
5 80.11 26.52
6 80.35 24.70
LSD 2.79

1.88

Protein Ash
53.00 22.61
53.73 18.60
55.07 18.47
53.65 19.63
51.62 18.59
1l.41 2.64
55.00 22.10
52.53 22.60
53.00 22.00
54.60 18.80
53.67 20.70
55.44 17.80
54.41 19.70
2.53 2.22
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examined hestopathologically by the Michigan State
University Animal Health Diagnostic Laboratory. No
degenerative changes in any of the internal organs were
observed indicating a non-infectious etiology. Analysis of
SM for aflatoxin by the Michigan State University Animal
Health Diagnostic Laboratory indicated no measurable toxins.

EXPERIMENT 6:

Fish fed diet #2 containing 25% SM without lysine or
zinc supplementation grew at a very low rate compared to
those fed the control and lysine or zinc-supplemented diets
(table 21 and figures 19-21). These growth parameters
improved significantly (P<0.05) when SM level was reduced to
15% (figures 19-21). However, protein and energy retention at
this level, were not significantly different (P>0.05) from
that of fish fed 25% SM without lysine or zinc. The Addition
of either lysine or zinc or a mixture of both ingredients
resulted in a significant improvement (P<0.05) in fish growth
and protein and energy retention compared to those fed 25% SM
without lysine or zinc supplementation (figures 19-21). No
mortalities or hemorrhages occurred in any of the treatments
during the course of the experiment. After 5 weeks, growth
measurements were terminated. Ten fish were fed on the
experimental diets for three additional weeks. After two
weeks of feeding, hemorrhagic symptoms similar to those that
occurred in T. zil1ii fed SM diets in experiment 5 started to
appear in the group of fish fed 25% SM without lysine or zinc
supplementation. No .mortalities occurred during this period.
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Lysine or zinc supplementation of diets containing sSM
had a significant effect on body composition (table 22).
Diets supplemented with lysine and zinc resulted in a
significant increase (P<0.05) in body protein and a decrease
in body ash, compared to those fed 15% SM or 25% SM without

lysine or zinc.
DISCUSSION

Experiment 5 showed that SM alone can not be used as a
dietary protein source for T. zillii. Fish fed SM-based diets
had suppressed growth rates and hemorrhage in their mouths
and at the bases of the pectoral and anal fins. The reason
for these symptoms is unknown. However, the factors that are:
most likely to produce such phenomena are (1) naturally-
occurring toxins in the SM; (2) traces of the organic solvent
(Hexane) left after sesame o0il extraction; (3) Lower
digestibility of SM; (4) Deficiency of essential amino acids
(EAA), particularly Lysine; (5) Mineral deficiency and/or
toxicity (6) high phytic acid content (about 5%; Weiss, 1983)
which was known to chelate divalent minerals such as calciunm,
magnesium, zinc and iron, reducing their biological
availability (Erdman, 1979; Richardson et al., 1985) and may
also render protein less soluble (Weiss, 1983) and (7)
possible mycotoxin (aflatoxin) contamination of SM (Liener,
1980) .

Similar instances of growth retardation and toxicity of

terrestrial animals fed sesame cake have been reported. Jaffe
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et al. (1964) reported an unusual case of toxicity resulting
from the feeding of sesame cake to fattening cattles. The
analysis showed that the cake contained high levels of
selenium (Se). Lease et al. (1960) and Lease and Williams
(1967) studied the bioavailability of zinc in SM to chicks.
They found that zinc deficiency symptoms (Leg deformities)
appeared when SM diets were fed to the chicks. These symptoms
did not appear in chicks fed autoclaved SM containing 30 ppm
added zinc. Also growth was significantly improved when 60 or
120 ppm zinc were added to the ration. Kik (1960) found that
growth rates and protein efficiency of rats fed SM
supplemented with lysine and lysine-threonine mix, were
significantly improved. Daghir et al. (1967) fed broilers SM
feed supplemented with lysine at a ratio of 50:50 of the
total ration, composed of soybean meal and fish meal. Lysine
supplemented meal improved chick performance. When the ratio
of soy bean meal:SM was increased to 20:10 plus 0.32 %
lysine, chicks grew at a much better rate than those fed all
soybean diet or all SM diet supplemented with 0.5% Lysine.
They concluded that SM was lacking in some factor which was
present in soybean meal. These reports may suggest that the
poor performance and hemorrhage of T. 2illii fed SM diets
were related to lysine or zinc deficiency in SM.

Zinc is one of the trace minerals required by fishes
(Ketola, 1978, 1979; Gatlin and Wilson, 1983; NRC, 1981,
1983). Zinc requirement of fishes depend mainly on zinc

contents of rearing water and feed ingredients. Channel
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catfish required 20 PPM zinc when they were reared in water
containing 25 PPB zinc (Gatlin and Wilson, 1983), while
rainbow trout required 15 PPM when culture water contained 11
PPB (Ketola, 1978, 1979). Zinc deficiency symptoms in fish
include poor growth, high mortality, skin and fin erosion and
cataract (Ogino and Yang, 1978; Gatlin and Wilson, 1983;
Richardson et al., 1985). Dietary zinc supplementation was
found to counteract the effect of phytic acid, by forming a
complex compound (Richardson et al., 1985).

Lysine is an essential amino acid required by fishes
(NRC, 1983). Salmonids required about 2.0-2.9% lysine in
their diets, depending on the protein contents of the diets
(Ogino, 1980; Ketola, 1983; Walton et al., 1984a). channel
catfish required 1.5% dietary lysine for maximum growth
(Robinson et al., 1980b). Jackson and Capper (1982) reported
that the tilapia O. mossambicus required 1.62% lysine

supplementation for maximum growth. Dietary lysine deficiency
leads to fin and skin erosion, decreased appetite, decreased
growth rates and increased mortality (NRC, 1981, 1983).

The second experiment was conducted to study the effect
of reducing SM level sand supplementing SM diets with lysine
and/or zinc or both as well as the reducing of SM level in
the diets, on fish growth and appearance of hemorrhage and
other pathological symptoms. Reducing SM in the diets to 15%
significantly improved fish growth and feed conversion
compared to diet contained 25% SM without zinc or lysine

supplementation, as has been demonstrated in broilers
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(Daghir et al., 1967). However, protein and energy retained
were not significantly different (P>0.05) in fish fed these
diets. The addition of lysine and/or zinc or both to SM diets
vastly improved protein and energy retention.

Some EAA's were reported to prevent zinc deficiency
signs. Nielson et al. (1967) found that zinc deficiency
symptoms in chicks (leg deformities) were prevented by
feeding them soy bean meal diets supplemented with 1%
histidine or 0.2% histamine (product of decarboxylation of
histidine). The nonoccurrence of hemorrhage or mortality in
T. 2i11ii fed SM diets supplemented with zinc or lysine may
have indicated that these ingredients prevented each other's
deficiency symptoms.

The late appearance of hemorrhage in T. 2illii fed sM
diets without lysine or zinc supplementation in experiment 6
may indicate that larger fish have higher resistance to
lysine and zinc deficiency signs than the smaller fish used
in experiment 5.

This study demonstrated that SM supplemented with lysine

and/or zinc is an excellent protein source for T. zillii.



SUMMARY AND CONCLUSION

Tilapias are among the most widely cultured fishes in
the world. Tilapia culture has been practiced for human
consumption in many parts of the world for centuries. Tilapia
have many attributes that make them a good candidate for
intensive and semi-intensive culture, especially in the
developing countries. They tolerate a wide range of
environmental conditions. They can be routinely bred in
captivity. Most important of all, tilapia can grow well on
practical feeds low in protein compared to other fishes.
These protein sources are abundant in most of the developing
nations. Despite these qualities, little information is
available on dietary requirements, feeding behavior, growth
biology and physiology of many tilapias. Furthermore,
available information on tilapia culture and nutrition is
sometimes contradictory. Therefore, more research is needed
to develop practical diets for tilapia using plant and animal
wastes and other unconventional food resources, especially in
the developing countries where these sources are available
and inexpensive.

This study was conducted to determine protein and energy

requirement of Tilapia 2zillii and to evaluate cotton seed

meal and sesame meal as supplemental protein sources in their

feeds. The study was carried out in two stages. In the first

120
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stage, 3 experiments were conducted using semipurified diets.
Dietary energy in this stage was determined using the
physiological fuel values (PFV) of 4, 4 and 9 kcal/g for
protein, carbohydrates and 1lipid, respectively.

In the first experiment, 4 isocaloric (350 kcal ME/100g
diet) diets containing different protein levels (25, 30, 35
and 40%), were formulated and fed to T. zillii to determine
dietary protein-to-energy (P/ME) ratio required for their
maximum growth. The best growth and feed conversion were
achieved by fish fed diets containing 35% crude protein (CP)
at a P/ME ratio of 100 mg CP/kcal.

Based on the results of experiment 1, 4 semipurified
diets containing different protﬁin (25, 30, 35 and 40%) and
energy (250, 300, 350 and 400 kcal ME/100g) levels at a
constant P/ME (100 mg CP/kcal ME) were fed to T. 2i114ii
fingerlings in experiment 2, to determine dietary protein and
energy requirement of the fish at this constant P/ME ratio.
Fish fed diets containing 30% CP and 300 kcal ME/100g showed
the most efficient growth and feed conversion, indicating
that at the proper P/ME ratio a proportion of dietary
protein and energy can be spared, while at higher protein
levels, excess energy is needed to deaminate and excrete the
excess protein consumed.

Experiment 3 was conducted to determine the ability of
T. 2i11ii to utilize carbohydrates (dextrin) and lipids (cod
liver oil-soy bean oil mixture ) as energy sources. Four

isocaloric (300 kcal ME/100g), isonitrogenous (30% CP) diets
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were formulated. Dextrin and lipid mix were substituted at a
rate of 2.25:1 commensurate with the carbohydrates-to-lipids
physiological fuel values. This experiment demonstrated that
T. 2il1lii can utilize both carbohydrates and lipids
efficiently at this substitution rate. Diets containing 38%
carbohydrate and 4% lipid with a carbohydrate-to-1lipid
(CHO:L) ratio of 8.8 produced growth rates similar to diets
containing up to 15% 1lipid and 12% carbohydrates at a CHO:L
ratio of .81, indicating that T. 2illii can utilize both
carbohydrate and lipid at a ratio ranging from 0.81 to 8.8
without significant effects on growth.

In the second stage, cotton seed meal (CSM) and sesame
meal (SM) were evaluated as dietary protein sources for T.
zillii. Practical, isonitrogenous (30% CP), isocaloric (450
kcal Gross Energy/100g diet) were formulated and fed to the
fish in experiments 4, 5 and 6. Energy contents (GE) of the
experimental diets were determined using the adiabatic oxygen
bomb calorimeter, since digestible energy and metabolic
energy of CSM and SM are unknown for tilapia.

In experiment 4, CSM replaced 0 (control), 20, 50, 80
and 100% of the total casein-gelatin protein. Diets
containing up to 80% CSM produced growth rates similar to the
control diet. Growth rates were significantly reduced at 100%
CSM level, however, these growth rates were still acceptable,
bearing in mind the low cost of CSM in Egypt.

In experiment 5, SM replaced 0 (control), 25, 50, and
75% of the total protein. T. 2il11ii fed SM-based diets grew
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at lower rates than those fed the control, and developed
hemorrhages in the mouth area and at the bases of pectoral
and anal fins. Zinc and Lysine deficiency in SM were believed
to have caused these symptoms. Consequently, experiment 6 was
conducted to test this assumption. SM was added at 15 and 25%
of the diets. At 25% SM, diets were supplemented with lysine
(0.5%) or zinc (30 PPM) or a mixture of both. Fish fed the
15% SM and those fed 25% SM supplemented with zinc or lysine
or both grew at a rate comparable to those fed the control
diet. Hemorrhage occurred in the group of fish fed 25% SM
diets without zinc or lysine. This experiment clearly
demonstrated that SM supplemented with lysine and zinc is an
excellent protein source for T. zillii over the period
studied. Long growth trials are needed to verify these

results.



REFERENCES

Adron, J. W., A. Blair, C. B. Cowey and A.M. Shanks. 1976.
Effects of dietary energy level on growth, feed
conversionandbody composition of turbot,

Scophthalmus maximus L. Aquaculture, 7:125-132.

Anderson, J., A. J. Jackson,A. J. Matty and B. S. Capper.
1984. Effects of dietary carbohydrate and fiber on the
tilapia Oreochromis niloticus (Linn). Aquaculture,
37:303-314.

Andrews, J. W.,J. W. Page. 1974. Growth factors in fish
meal component of catfish diets. J. Nutr.,
104 : 1091-1096.

Andrews, F., J. Bjorksten and F. B. Trenk. 1965. The
reaction of an autooxidixed lipid with proteins. J. Am.
0il Chem. Soc., 42:779-781.

Annett, C. S. 1985. A model to facilitate optimal
aquaculture production by quantitatively relating fish
growth to feed and other environmental resources. PH.D.
Diss., Michigan State University, U.S.A.

Anwar, A., M. M Ishak, M. El-Zeiny and G. D. I. Hassanen.
1982. Activated sewage sludge as a replacement for
bran-cotton seed meal mixture for carp, Cyprinus
carpio L. Aquaculture, 28: 321-325.

AOAC (Association of Official Analytical Chemists). 1980.
Official methods of analysis. 12th ed., WAshington D.C.

Arai, s., T. Nose and Y. Yashimoto. 1971. A purified test
diet for the eel, Anquilla japonica. Bull. Freshwater
Fish Res. Lab. Tokyo, 21(2):161-177.

Austreng, E., S. Risa,D. J. Edwards and H. Hvidsten. 1977.
Carbohydrate in rainbow trout diets. II. Influence of
carbohydrate levels on chemical composition and feed
utilization of fish from different families.
Aquaculture, 11:39-50.

Ayeni, G. I. 1981. Plant protein substitution in diets for
juvenile tilapia Sarotherodon mossambicus. M. Sc. Univ.
of Stirling.

124



125

Bardach, J. E., J. H. Ryther and W. O. Mclarney. 1972.
Aquaculture. The farming and husbandry of freshwater
and marine organisms. Wiley-Interscience, a division of
John Wiley & Sons, Inc., New York, London, Sydney,
Toronto.

Bayne,D. R.,D. Dunseth and C. G. Raminos. 1976. Supplemental
feeds containing coffee pulp for rearing Tilapia in
Central America. Aquaculture, 7:133-146.

Beamish, F. W. H. and T. E. Medland. 1986. Protein
sparing effectinlarge rainbowtrout, Salmo gairdneri.
Aquaculture, 55:35-42.

Bell, M. V.,R. J Henderson, B. J. S. Pirie and J. R
Sargent. 1985. Effectsof polyunsaturated fatty acid
deficiencies on mortality, growth and gill structure in
the turbot, Scophthalmus maximus. J. Fish Biol.,
26:181-191.

Bergot, F. 1979,. Carbohydrate in rainbow trout diets:
Effects of fE el and source of carbohydrate and the
number of meals on growth and body composition.
Aquaculture, 18:157-167.

- - . 1979,,. Problems particuliers par
l'utilization des glucides chez la truite arc-en-ciel.,
Ann. Nutr. Aliment., 33:247-257.

-------------- . 1979,. Effects of dietary carbohydrate and of
their modes of distribution on glycemia of rainbow
trout Salmo gairdneri R. Comp. Bioch. Physiol.,
64A:543-547.

Boggio, S. M., R. W. Hardy, T. K. Babbitt and E. L. brannon.
1985. The influence of dietary lipid source and alpha -
tocopheryl acetate on product quality of rainbow trout.
Aquaculture, 51:13-24.

Brody, S. 1945. Bioenergiticsand growth. Reinhold Publishing
CO.

Brody, S. 1964. Bioenergetics and growth. Hafner Publishing
Co. Inc., New York, 1023p.

Bromely, P. J. 1980. Effect of dietary protein, lipid and
energy content on the growth of turbot, Scophthalmus
maximus L. Aquaculture, 19:359-369.

Brown, M. E. 1946. The growth of brown trout (Salmo trutta
Linn.). II. The q;owth of two-year old at a constant
temperature 11.5 . J. Exp. Biol., 22:145-155.



126

Bruton, M. N. and R. E. Boltt. 1975. Aspects of the biology
of Tilapia mossambica Peters (Pisces: Cichlidae) in a
natural freshwater lake. (Lake Sibaya, South Africa).
J. Fish Biol., 7:423-446.

Buhler,D. R. and J. E.Halver. 1961. Nutrition of salmonid
fishes. IX. Carbohydrate requirement of chinook salmon.
J. Nutr., 74:307-318.

Burr, J. O. and M. M. Burr. 1929. A new deficiency disease
produced by the rigid exclusion of fat from the diet.
Jo Bi°lo Chemo, 82:345-3670

Burr, J. O. and M. M. Burr. 1930. On the nature and role of
the fatty acids essential in nutrition. J. Biol. Chen.,
86:587-621.

Burrows, R. E. 1964. Effects of accumulated excretory
products on hatchery reared salmonids. Rep. no 66, 1llp.
Bur. Sport Fish. Wildl., wWashington D.C.

Buttery, P. J. and E. F. Annison. 1973. Considerations of
the efficiency amino acidand protein metabolismin
animals. p. 141-171. In: G.J.W. Jones (ed). The
biological efficiency of protein production . Cambridge
Univ. press, London.

Campbell, D. 1978,,. Formulation des aliments destines a
L'elevage de g‘ilapia nilotica (L.) en cages dans le lac
de Kossou. Cotes d'Ivoire Rapp. Tech. 46 26 P.
Authorite Amenagement Valle du Bandama, Centre Devel.
Peches. Lac Kossou.

Castell, J. D. 1978. Review of 1lipid requirements of finfish.
EIFAC/FAO symposiumon finfish nutrition andfeed
technology. Hamburg, West Germany, 20-23 June.

------------- , R. 0. Sinnhuber, J. HWales and D. J. Lee.
1972,. Essential fatty acids in the diets of
rainbow trout Salmo gairdneri: Growth, feed conversion
and some gross deficiency symptoms. J. Nutr., 102:77-
86.

1972.. 'Essential fatty acifds in the diet's of rainbov.l
troug Salmo gairdneri: Physiological symptoms of EFA
deficiency. J. Nutr., 102:87-92.

----------- + D. J. Lee and R. O. Sinnhuber. 1972,. Essential
fatty acids in the diets of rainbow trout Salmo
gairdneri: Lipid metabolism and fatty acid composition.
J. Nutr., 102:93-100.



127

Caulton, M. S. 1982. Feeding , metabolism and growth of
tilaias. some quantitative considerations. In:
pullin and Lowe-McConnell (editors). The biology and
culture of tilapia. International Center for Living
Resources Management, Manila, Philippines.

Chen, T. P. 1976. Aquaculture practices in Taiwan. Fishing
News Books Ltd. farnham, surrey, England.

Cho, C. Y.,H. S. Bayley and S. J. Slinger. 1974. Practical
replacement of herring meal with soy bean meal and
other changes in diet for rainbow trout (Salmo
gairdneri). J. Fish. res. Board Canada, 31:1523-1528.

---------- , S. J. Slinger and H. S. Bayley. 1976. Influence
of level and type of dietary protein and level of
feed utilization by rainbow trout. J. Nutr., 106:1547-
1556.

Chow, K. W. and J. E. Halver. 1980. Carbohydrates. In: Fish
feed technology. Lectures presented at the FAO\UNDP
training course in fish feed technology, held at the
College of Fisheries, Univ. of Washington, Seatle,
Washington, 9 Oct.-15 Dec., 1978. ADCP\REP\80\1ll.

Cowey, C. B. 1980. protein and amino acid requirements in
fish. Proc. EAAP-Symposium on protein metabolism and
nutrition. EAAP-Publ. no.27 ( edited by Oslage, H.J. and
K. Rohr), pp 729-774.

----------- -=-= and J. R. Sargent. 1972. Fish nutrition. Adv.
Maro 31010' 383-4920

------------- meeeecceccccceceee===, 1979. Fish nutrition. In:
Hoar,W. S. and D. J. Randall (eds). Fish Physiology.
Vol. VIII. Academic Press, New York and London, p 1-69.

——eccccee-- , J. A. Pope, J. W. Adron and J. A. Blair. 1971.
Studies on nutrition of marine flatfish. Growth of
Plaice Pleuronectes platessa on diets containing
protein derived from plants and other sources. Mar.
Biol., 10:45.

Cruz, E. M. 1975. Determination of nutrient digestibility in
various classes of natural and purified feed materials
for channel catfish. PH.D. Diss., Auburn Univ., Auburn,
Alabama, U.S.A.

and I. L. Laudencia. 1976. Preliminary study on
the protein requirements of Nile tilapia Tilapia
nilotica fingerlings. IFP Tech. Rep. No.10, 2nd half cy
1976, UP, Dilima, Quezon City, Philippines. 117-120.



128

------------ and I. L. Laudencia. 1978. Screening of feed
stuffs as ingredients in rations of Nile tilapia.
Kalikasan, Phillip. J. Biol., 7 (2): 159-163.

Dabrowski, K. 1977. Protein requirements of grass carp
Ctenopharyngodon idella Val. Aquaculture, 12:63-73.
Dabrowska, H.W. and U. Wojno. 1977. Studies on the
utilization by rainbow trout of feed mixtures
containing Soya Bean Meal and an addition of amino
acids. Aquaculture, 10:297-310.

Daghir, N., M. F. Ullah, and K. Rottensten. 1967. Lysine
supplemental of sesame meal broiler ration. Trop.
Agric. Trin., 44 (3):234-242.

Davis, A. T.and R. R. Stickney. 1978. Growth responses of
Tilapia aurea to dietary protein quality and quantity.
Trans. Am. Fish. Soc., 107 (3):479-483.

Delong D. J., J. E. Halver and E. T. Mertz. 1962. Nutrition
of salmonid fishes. X. Quantitative Threonine
requirements of chinook salmon at two water
temperatures. J. Nutr., 76:174-178.

Dorsa, W. J.,H. R. Robinette, E. H. Robinson and W. E. Poe.
1982. Effects of dietary cotton seed meal and gossypol
on growth of young channel catfish. Trans. Am. Fish.
Soc. 3:651-655.

Duncan, D. B. 1955. Multible range and multible F-test.
Biometrics., 11:1-42.

Dupree, H. K. 1966. Carbohydrate molecular size. p 129-130.
In: Progress in Sport Fisheries Research 1965. Bureau
of Sport Fish. Wildl. , Res. Publ. 38.

----------- , 1967. Type of protein, protein particle size
and wvater temperature and fingerling channel catfish
growth. In: Progress in Sport Fisheries Research 1966.
USDI, Bur. Sport Fish. Wildl. Res. Publ., 39:129-130.

----------- , 1969. Effects of fats and carbohydrates on the
growth of channel catfish. In: Progress in sport
Fisheries Research. Bur. Sport Fish. Wildl. Res.
Publ., 77:221-223.

----------- and K. E. Sneed. 1967. Response of channel
catfish fingerlings to different levels of major
nutrients in purified diets. USDI. Bur. Sport Fish.
Wildl. Tech. Paper no. 9, 21 P.

Edwards, P. 1985. Integrated resource recovery. Aquaculture:
A component of low cost sanitation technology. World
Bank Technical Paper #36.



129

Edwards,D. J., E. Austreng, S. risa and T. Gjedrem. 1977.
Carbohydrate in rainbow trout diets. I. Growth of fish
of different families fed diets containing different
proportions of carbohydrate. Aquaculture, 11 (1):31-38.

Erdman, J. W., Jr. 1979. Oilseed phytates: Nutritional
implications. J. Am. 0il Chem. Soc., 56:736-741.

FAO. 1978. Yearbook of Fisheries Statistics (44). 1977.
Food and Agriculture Organization of the United
Nations, Rome, Italy.

--==, 1983. Fish feeds and feeding in developing countries.
The ADCP feed development program. ADCP\Rep\83\18.

Farkas, T., I. Csenger, F. Majors and J. Olah. 1977.
Metabolism of fatty acids in fish. I. Development of
essential fatty acid efficiency in the carp Cyprinus
carpio 1758. Aquaculture, 11:147-157.

i e TR PR P -,-- -. 1978.
Metab'olism of fatty' acids in fis'h. II. Biosynthesis
of fatty acids in relation to diet in the carp,
Cyprinus carpio ( Linnaeus 1758). Aquaculture, 14:57-65.

Fijan, N. 1969. Fish feeds containing chlorella. FAO. Fish
Cult. Bull., 2 (2):6.

Folch,J. M.Lee and G. H. Sloane Stanely. 1957. A simple
method for the isolation and purification of total
lipids from animal tissues. J. Biol. Chem., 226:497-
509.

Fowler, L. G. 1980. Substitution of soybean and cotton seed
products for fish meal in diets fed to chinook and coho
salmon. Prog. Fish Cult., 42:87-91.

- - . 1981. Protein and energy relation of starting
diets for chinook salmon fry. Prog. Fish Cult., 43
(3):51-53.

Fryer, G. and T. D. Iles. 1972. The Cichlid fishes of Africa
-their biology and evolution. Oliver and Boydqd,
Edinburgh.

Fujii, M. and Y. Yone. 1976,,. Studies on nutrition of red sea
bream. XIII. Effect of dietary linolenic acid and w
poly unsaturated fatty acids on growth and feea
efficiency. Bull. Japan Soc. Sci. Fish., 42:583-588.

Furuichi, M and Y. Yone . 1980. Effect of dietary dextrin
levels on the growth, feed efficiency, the chemical
composition of liver and dorsal muscle and the



130

absorption of dietary protein and dextrin in £ish.
Bull. Japan Soc Sci. Fish., 46 (2):225-229.

- — . 1981. Change of blood sugar and
plasma insulin levels of fishes in glucose tolerance
test. Bull. Japan Soc. Sci. Fish., 47:761-764.

Garling, D. L. Jr. and R. P. Wilson. 1975. Inexpensive
constant water level device for flow-through aquariums.
Prog. Fish Cult., 38(1):52-53.

———— -. 1976. Theoptimum
protein—to—energy ratio for channel catfish, Ictalurus
panctatus. J. Nutr., 106(9):1368-1375.

------------------------ . 1977.Effects of
dietary carbohydrate-to-l ipid ratios on growth and body
composition of fingerling channel catfish. Prog. Fish
Cult., 39 (1):43-47.

Gatlin, D. M., III. andStickney,R. R. 1982. Fall-winter
growth of young channel catfish in response to quantity
and source of dietary lipids. Trans. AM. Fish. Soc.,

111:90-93.

—— - and R. P. Wilson. 1983. Dietary zinc
requirement of fingerling channel catfish. J. Nutr.,
113:630-635.

Gerking, S. D. 1955. Endogenous nitrogenous excretion of blue
gill sunfish. Physiol. Zool., 28:283-289.

Gill, J. L. 1981. Design and analysis of experiments in
animal and medical sciences. V.I. The Iowa State Univ.
Press, Ames, Iowva, U.S.A.

Goldstein,R. J. 1970. Cichlids. TFH Publications (H. 939),
254 pp.

Goldstein,L. and R. P. Forester. 1970. Nitrogen metabolism
in fishes. In: Comparative biochemistry of nitrogen
metabolism. Vol.2.The vertebrates. (Campbell, J.W.,
ed.), pp 495-518, Academic Press, New York and London.

Guerrero, R. D., III. 1979,. Cage culture of tilapia in the
Philippines. Asian Aquacult., 2(11):6.

- . 1980,. Studies on the feeding of
tilagia nilotica in fioating cages. Aquaculture,
20:169-175.

Halver, J. E., 1957,. The nutrition of salmonid fishes. III.
Water-soluble vitamin requirements for chinook salmon.
J. Nutr.,62:225-243.



131

--------------- « 1957,,. Nutrition of salmonid fishes. 1IV.
An amino acid test diet for chinook salmon. J. Nutr.
62:245-254.

——— . 1972. Fish nutrition (ed), Academic Press,
New York and London.

----- ceecececcee=-==, 1980. Lipids and fatty acids. In: Fish
feed technology. Lectures presented at the FAO\UNDP
training course in fish feed technology, held at the
college of Fisheries, Univ. of Washington, Seatle,
Washington, U.S.A., 9 October to 15 December 1978.

———— and J. A. Coates. 1957. A vitamin test diet
for long-term feeding studies. Prog. Fish Cult.,
19:112-118.

--------------- ’ D. C. Delong and E. T. Mertz. 1957.
Nutrition of salmonid fishes. V. Classification of
essential amino acids for chinook salmon. J. Nutr.,
63:95-105.

--------- ’ - e - s - . 1958.
Threonine and Lysine requirements of chinook salmon.
Fdn. Proc. Fedn. Am. Soc. Exp. Biol., 17, 478 (abstract
no. 1873).

Harding, D. E.,0. W. Allen and R. P. Wilson. 1977. Sulfur
amino acid requirement of channel catfish: L-methionine
and L-lysine. J. Nutr., 107:2031-2035.

Hastings, W. H. 1973. Regional project on research and
fisheries development (Cameron-Central African Republic-
Gabon-Congo, Peoples Rep.). Experience related to the
preparation of fish feed and their feeding. Report
prepared for the regional project (FAO project Rep. FAO-
FI-DP/RAF-66/054/1) :24PP (Fr). ASFA, 4, 3900.

------------- and H. K. Dupree. 1969. Formula feeds for
channel catfish. Prog. Fish. Cult., 31 (4):187-196.

Hauser,W. J. 1975. Influence of diet on growth of juvenile
Tilapia 2illii. Prog. Fish Cult., 37 (1):33-35.

Herman, R. L. 1970. Effects of gossypol on rainbow trout
Salmo gairdneri, Richardson. J. Fish Biol.,
2 (4):293-304.

Higgs, D. A., J. R. Market, D. W. MacQuarrie, McBride Jr.,
B.S. Dosanijh, C. Nichols and G. Hoskins. 1978.
Development of practical dry diets for coho salmon
oncorhynchus kisuth. Using poultry by-product meal,
feather meal, soy bean meal and rape seed meal as major




132

protein sources. Symp.on Finfish nutrition and f£ish
feed technology. 10th. session, Hamburg. West Germany.

Hilton,J.W. and J. L. Atkenson. 1982. Response of rainbow
trout Salmo gairdneri to increased levels of available
carbohydrate In practical trout diets. Br. J. Nutr.
47:597-606.

Hughes, D. G. 1977. Progress report on fisheries development
in El-salvador. Int. Center for Aquacult., Auburn,
Alabama, U.S.A. Res.and Dev., 15, 1l6pp.

Hung, S. 0., C. Y. Cho and S. J. Slinger. 1980. Measurement
of oxidation in fish oil and its effects on vitamin E
nutrition of rainbow trout, Salmo gairdneri. can. J.
Fish. Aquat. Sci., 37:1248-1253.

IFP 1976. Technical Report (1 January - 30 June, 1976).
Inland Fisheries Project, TR 9, First half cy76. UPCF,
Diliman, QC, Philippines, 181pp.

Jackson, A. J and B. S. Capper.l982.Investigations into the
requirements of tilapia Sarotherodon mossambicus for
dietary methionine, 1lysine and arginine in semi-
synthetic diets. Aquaculture, 29:289-297.

————eccccceee, ccccccccceee- and A. J. Matty. 1982. Evaluation
of some plant proteins in complete diets for the
tilapia Sarotherodon mossambicus. Aquaculture, 27:97-
109.

Jaffe, W., J. F. Chavez and B. Koifman. 1964. Estudios
preliminares sobre la toxicidad de ajonjoli con alto
centevido de selenio. Arch.Venz. Nutricion, 14:7-23.

Jauncey, K. 1979. Growth and nutrition of carp in heated
effluents. PH.D. Thesis, Univ. of Aston In Birmingham,
202pp.

-=====--=--, 1982,. Carp (Cyprinus carpio L.) nutrition. A
review. In: Muir, J.F. and R.J. Roberts. (eds.). Recent
advances in aquaculture. Croom Helm, London and
Canberra. West view Press, Boulder Colorado, U.S.A.,
217-263.

----- ======, 1982),. The effects of varying dietary protein
level on growth, food conversion, protein utilization
and body composition of juvenile tilapia Sarotherodon
mossambicus. Aquaculture, 27:43-54.

----------- and B. Ross. 1982. A Guide to Tilapia feeds and
feeding. Institute of Aquaculture, Univ. of Stirling,
Scotland.



133

Kamara, B. K. 1982. Evaluation of some oilseedmeal proteins
incompletediets forthetilapia Oreochromis niloticus.
M.SC. Thesis, Univ. of Stirling.

Kanazawa, A.,S. Teshima, M. Sakama and MD. A. Awal. 1980.
Requirement of Tilapia 2illii for essential fatty
acids. Bull. Japan Soc. Sci. Fish., 46:1353-1356.

Ketola, H. G. 1978. Dietary zinc prevents cataract in trout.
Fed. Proc., 37:584.

------------ . 1979. Influence of dietary zinc on cataract in
rainbow trout (Salmo gairdneri). J. Nutr., 109:965-969.

. 1983. Requirement for dietary lysine and
arginine by fry of rainbow trout. J. Anim. Sci.,
56(1):101-107.

Kik,M. C. 1960. Protein quality and supplimentation effect
of amino acid supplements, Vitamin B,, and Buffalo fish
on the nutritive value of protein in sesame seed and
meal. Agric. Food Chem., 8 (4):327-330.

Kohler, C.C and F.A. Pagan-Font. 1978. Evaluation of rum
distillation wastes, pharmaceutical wastes and chicken
feed for rearing of Tilapia aurea in Puerto Rico.
Aquaculture, 14:339-347.

Koops, H, K. Tiews, H. Beck andJ. Gropp. 1976. The
utilization of soy bean protein by the rainbow trout
Salmo gairdneri (Rich.). Arch. Fischerewiss, 126 (2-
3):181-191.

Krebs, H. A. 1964.The metabolic fate of amino acids. PP125-
176. In: Munro, H.N. and J.B. Allison (eds). Mammalian
protein metabolism. Vol. I. Academic Press, New York.

Krishnandhi, S. and W. Shell. 1966. Utilization of casein
and soy bean protein by channel catfish, Ictalurus
punctatus (Rafinesque). Proc. S.E. Assoc. Game Fish
Commrs., 19:205-209.

Lease, J. G.and W. P. Williams. 1967. Availability of zinc and
comparison of InVitro and In Vivo zinc uptake of
certain oilseed meals. Poultry Sci., 46 (1):223-241.

--------- ,B. D. Barnett,E. J. Lease and D. E. Turk. 1960.
The biological unavailability to the chick of zinc ina
sesame meal ration. J. Nutr., 72:66-70.

Lee, D. J. and G. B. Putnam. 1973. The response of rainbow
trout to varying protein/energy ratios in a test diet.



134

--------- +J. N. Roem,T. C. Yu and R. 0. Sinnhuber. 1967.
Effect of w; fatty acids on the growth of rainbow trout
Salmo gairdneri. J. Nutr., 92:93-98.

LeGrow, S. M. and F. W. H. Beamish. 1986. Influence of
dietary proteinand 1lipid on apparent heat increment of
rainbow trout Salmo gairdneri. Can. J. Fish. Aquat.
Sci., 43:19-25.

Leiner, I. 1980. Toxic constituents of plant foodstuffs.
Academic Press, London, 502. PP.

Leppik, E. E. and G. Sowell. 1964. Alternaria Sesami; A
serious seed-borne pathogen of world-wide distribution.
F.A.0., PL. Prot. Bull., 12 (1):13-16.

Likimani, T. A. and R. P. Wilson. 1982. Effects of diet on
lipogenic enzyme activities in channel catfish hepatic
and adipose tissue. J. Nutr., 112:112-117.

Lim, C., S. Sukhawongs and F. P. Pascual. 1979. A preliminary
study on the protein requirements of Chanos (Foskal) fry
in a controlled environment. Aquaculture, 17:195-201.

Lin, H., D. R. Romsos, P. I. Tack and G. A. Leveille. 1977 a
Influence of dietarylipid onlipogenic enzyme
activities in coho salmon Oncorhynchus kisutch (Walbaum).
J. Nutr., 107:846-854.

-- -, -- -—- .1977
Influence of diet on in vitro and in vivo rates of ?atty
acid synthesis in cohcsalmon (Oncorhynchus kisuth,
Walbaum). J. Nutr., 107 (9):1677-1682.

- - .1978.
Detefmination of g'lucose utiliz;tion in cgho salmon
(Omﬁrhynchus kisutch (Walbaum)) with (6-°H) and

C)-glucose. Comp. Bioch. Physiol., 59A:189-191.

Lovell, R. T. 1979. Fish culture in the United States.
Science, 206:1368-1372.

----------- . 1980. Feeding tilapia. Aquaculture Magazine, 7
(1) :42-43

Lu, J. D. and N. R Kevern. 1975. The feasibility of using
waste materials as supplemental fish feed. Prog. Fish
Cult., 37 (4):241-244.

Marek, M. 1975. Revision of supplementary feeding tables for
pond fish. Bamidgeh, 27(3):57-64.

Martin, A. K.and K. L. Blaxter. 1965. The energy cost of
urea synthesis in sheep. In: Energy metabolism.



135

Blaxter, K. L., ed.). pp.83-91, Academic Press,
New York and London.

Mathavan, S. V. and T. J. Paudian. 1976. Food utilization in
the fish Tilapia mossambica fed on plant and animal
foods. Helgolander Wiss. Meereswiters, 28(1):66-70.

Mazid,M. A.,Y. Tanka, T. Katayama, A. M. Rahman, K. L.
Simpson and C.0. Chichester. 1979. Growth response of
Tilapia zillii fingerlings fed isocaloric diets with
variable protein levels. Aquaculture, 18:115-1221.

McLaren, B. H., E. F. Herman and C. A. Elvehjem. 1947.
Nutrition of trout. Studies with practical diets.
Proc.Soc. Exp. Biol. Med., 615:97-104.

Medland, T. E. and F. W. H. Beamish. 1985. The influence of
diet and fish density on apparent heat increment in
rainbow trout Salmo gairdneri. Aquaculture, 47:1-10.

Mirnova, N. W. 1975. The nutritive value of algae as food for
Tilapia Mossambica. J. Ichthyol., 15(3):510-514.

Moriarty, D. J. W. 1973. The physiology of digestion of blue
-green algae in the cichlid fish Tilapia nilotica.
Jo 2001., 171:25-400

Moriarty, C. M. and D. J. W. Moriarty. 1973,. Quantitative
estimation of the daily ingestion of ﬁxytoplankton by
Tilapia nilotica and Haplochromis nigripinnis
in Lake George, Uganda. J. Zo0l., 171:15-24.

Murai, T. T. Akiyama and T. Nose. 1981. Use of Crystalline
amino acids coated with casein in diets for carp. Bull.
Japn. Soc. Sci. Fish., 47(4):523-527.

Nagayama, F., H. Oshima and K. Umezawa. 1972,. Distribution
of glucose-6-P metabolizing enzymes in }ish. Bull.
Japn. Soc. SCi. Fisho, 38:589-593.

Nail, M. L. 1962. The protein requirement of channel catfish
Ictalurus punctatus (Rafinesque). S.E. Assoc. Game and
Fish Comm., 16:307-316.

Neil, E. H. 1966. Observations on the behavior of Tilapia
mossambica (Pisces: Cichlidae) in hawaiian ponds.
Copea, 1:50-56.

Newman, M. W., H. E. Huezo and D. G. Hughes. 1979. The
response of all-male tilapia hybrids to four levels of
protein in isocaloric diets. Proc. World Maricult. Soc.,
10:788-792.



136

Newsholme, E. A.andC. Start. 1973. Regulation in metabolism.
Wiley, New York, 349 pp.

Nielsen, F. H., M. L. Sunde and W. G. Hoekstar. 1967. Proc.
Soc. Exp. Biol. Med., 124:1106-1110.

NRC (National Research Counsel). 1977. Nutrient requirement
of warmwater fishes. National Academy of Science,
Washington, D.C.

--------------------- .1981. Nutrient requirements
of coldwater fishes. National Academy of Science,
Washington,D.C.

-------- L L L LTS .1983. Nutrient requirements

of warmwater fishes and shellfishes. National Academy
of Science, Washington, D.C.

Ofojekwu, P. C. and C. Ejike. 1984. Growth response and feed
utilisation in the tropical cichlid Oreochromis
niloticus (Linn.) fed on cotton seed-based diets.
Aquaculture, 42:27-36.

Ogino. C. 1980. Requirements of carp and rainbow trout for
essential amino acids. Bull. Japn. Soc. Sci. Fish.,
46:171-174.

--------- and K. C. Saito. 1970. Protein nutrition in fish.
I.The utilization of dietary protein by carp. Bull.
Japan Soc. Sci. Fish., 36(3):250-254.

----- --=-=- and G. Y. Yang. 1978. Requirement of rainbow trout
for dietary zinc. Bull. Japn. Soc. Sci. Fish., 44:1015-
l1018.

--------- J. Y. Chiou and T. Takeuchi. 1976. Protein
nutrition in fish. V. Effects of dietary energy sources
on the utilization of protein by rainbow trout and
carp. Bull. Japan Soc. Sci. Fish., 42:213-218.

Orme, L. E.and C. A. Lemm. 1973. Use of dried sludge from
paper processing wastes in trout diets. Feedstuffs,
December.

Owen, J. M., J. W. Adron, C. Middelton and C. B. Cowey. 1975.
Elongation and desaturation of dietary fatty acids in
turbot Scophthalmus maximus and rainbow trout Salmo
gairdneri. Lipids, 10:528-531.

Page J. W. and J. W. Andrews. 1973. Interactions of dietary
levels of protein and energy on channel catfish
Ictalurus punctatus. J. Nutr., 103(9):1339-1346.




137

Pantha, M. B. 1982. The use of soy bean in practical
feeds for tilapia (Oreochromis niloticus). M. SC Thesis,
University of Stirling.

Papoutsoglou, E. and M. Alexis. 1986. Protein requirement of
young gray mullet, Mugil capito. Aquaculture, 52:105-
115.

Phillips, A. M.Jr., A. V. Tunison and D. R. Brockway. 1948.
Utilization of carbohydrates by trout. Fish. Res. Bull.
No. 11, New York Cons. Dept., Albany.

- D.L.Livingston and H. A. Poston. 1966.
The effect of changes in protein quality, caloric
sources and caloric levels upon the growth and
chemical composition of brook trout. In: Fish. Res.
Bull. No. 29. State of New York Cons Dept., Albany.

-- and D. R. Brockway. 1956. The nutrition of
trout. 2. Protein and carbohydrate. Prog. Fish Cult.,
18:159-164.

------------------ , H. A. Poston and D.L Livingston. 1967.

The effects of caloric sources and water temperature
upon trout growth and body chemistry. 25-34. In: Fish
Res. Bull. No. 30. Cortland Hatch. Rep. No.35 for the
year 1966. State of New York Cons. Dept., Albany.

Philippart, J-CL. and J-CL. Ruwet. 1982. Biology and
distribution of Tilapias. In: Pullin and Lowe-McConnell
(editors). The biology and culture of tilapia.
International Center for Living Aquatic Resources
Management (ICLARM) . manila, Philippines.

Pieper, A. and E. Peffer. 1980,. Studies on the comparative
efficiency of utilizatgon of gross energy from
some carbohydrates, proteins and fats by rainbow trout

Salmo gairdneri. Aquaculture, 20:323-332.

- .1980;,. Studies on the effect of
increasing proportions of sucrose or gelatinized maize
starch in diets for rainbow trout (Salmo gairdneri, R.)
on the utilization of dietary energy and protein.
Aquaculture, 20:333-342.

Plamer,T. N. andB. E. Rayman. 1972. Studies on glucose
intolerance in fish. J. Fish Biol., 4:311-319.

Poston, H. 1975. Influence of dietary protein and energy on
swimming stamina, growth and body composition of brown
trout. Prog. Fish Cult., 37 (4):257-261.



138

Pullin, R. S. V. and R. H. Lowe-McConnell. 1982. The biology
and culture of tilapia. International center for
Aquatic Resources Management. Manila, Philippines.

Reiniz, G. L. 1980. Growth and survival of lake trout fed
experimental starter diets. Prog. Fish cCult.,
42(2):100-102.

----- =====,L. E.Orme, C. A. Lem and F. N.Hitzel. 1978.
Influence of varying lipid concentrations in diets for
rainbow trout salmo gairdneri. Trans. Am. Fish. Soc.,
107(5) :751-754.

Richardson, N., D. A. Higgs, R. M. Beamish and J. McBride.
1985. Influence of dietary calcium, phosphorus, zinc
and sodium phytate level on cataract incidence, growth
and histopathology in juvenile chinook salmon
(Oncorhynchus tshawytscha). J. Nutr., 115:553-567.

Riedel, D. 1965. some remarks on the fecundity of tilapia T.
mossambica Peters, and its introduction into middle
central America (Nicaragua) together with a first
contribution towards the limnology of Nicaragua.
hydrobiologia. 25:357-388.

Ringrose, R. C. 1971. Calorie-to-protein ratio for brook
trout (Salvelinus fontinalis). J. Fish. Res. Bd. Can.,
28:1113-1117.

Robinette,H. R. 1981. Use of cotton seed meal in catfish
feeds. Proc. Catfish Farmers of America, Research
Workshop 3:26.

- and A. S.Dearing. 1978. Shrimp by-product
meal in diets of channel catfish. Prog. Fish Cult.,
40(1) :39-40.

Robinson, E. H., R. P. Wilson and W. E. Poe. 1980,. Aromatic
amino acid requirement and tyrosine requirement values
for fingerling channel catfish. J. Nutr. 110:1805-1812.

« 1980
Re-evaluation of the lysine requirement and Pysine
utilization by fingerling channel catfish. J. Nutr.,
110:2313-2316.

-------------- , S. D. Rawles, P. W. Oldenburg and R. R.
Stickney. 1984,. Effects of feeding glandless or glanded
cotton seed products and gossypol to Tilapia aurea.
Aquaculture,38:145-154.

------------------------- -=-== and R. R Stickney. 1984,,.
Evaluation of glanded and glandless cotton seed



139

products in catfish diets. Prog. Fish Cult., 46 (2):92-
97.

Savitz, J. 1969. Effects of temperature and body weight on
endogenous nitrogen excretion in the bluegill sunfish
(Lepomis macrochirus). J. Fish. Res. Bd. canada.,
26:1813-1821.

Sen, P. R.N. G. Roa, S. R. Ghosh and M. Rout. 1978.
Observations on the protein and carbohydrate
requirements of carps. Aquaculture, 13(3):245-255.

Shimeno, S. 1974. Studies in carbohydrate metabolism in
fishes. Rep. Fish Lab. Kochi Univ., 2:1-107.

- , M. Takeda, S. takayama, A. Fukui, H. Sasaki and
H. Kajiyama. 1981. Adaptation of hepatopancreatic
enzymes to dietary carbohydrates in carp. Bull. Japan

----------- , H. Hosokawa and M. Takeda. 1979. The importance
of carbohydrate in the diet of a carnivorous fish. In:
Finfish nutrition and fishfeed technology (edited by
Halver,J.E. and K. Tiews). Vol. I. pp 127-143.
Heememan.

Simco, B. A. and F. B. Cross. 1966. Factors affecting the
growth and production of channel catfish Ictalurus
punctatus. U. Kans. Mueum of Nat. Hist., 17:191-256.

Sitasit, D. and V. Sitasit. 1977. Comparison of the
production of Tilapia nilotica (Linn.) fed with protein
from different sources. In: Indopacific Fisheries
Council, Proc. 17th session, Colombo, Srilanka, 27
October - 5 November, 1976.

Smith, C. E. and R. G. Pipper. 1975. Lesions associated with
chronic exposure to ammonia. In: The pathology of
fishes. Ribelin, W. E. and G. Migaki (editors).
University of Wisconsin Press, Madison, WI, USA.

Smith, R. R. 1976. Metabolizable energy of feed stuffs for
trout . Feedstuffs, 48(23):16-17.

------------ s G.L. Rumsy and M. L. Scott. 1978,. Net energy
maintenance requirements of salmonids as measured by
direct calorimetry: Effect of body size and
environmental temperature. J. Nutr., 108:1017-1024.

--------------- ---emeeesmceccececceecaaos, 1978,. Heat
increment associated with dietary protein, fat,
carbohydrate and complete diets 1in salmonids
tComparative energetic efficiency. J. Nutr., 108:1025-
1032.



140

Smith, K. J. 1970. Practical significance of gossypol in feed
formulation. J. Am. 0il Chem. Soc., 47:448-450.

Spataru, P. and M. Zorn. 1976. Some aspects of natural feeds
and feeding habits of Tilapia galilaea (Artedi) and
Tila ia aurea (Steindachner) in Lake Kinneret.

amidgeh, 28:12-17.

Stansby, M. E. 1982. Properties of fish oils and their
application to handling of fish and to nutritional and
industrial use. In: Chemistry an biochemistry of marine
food products. Martin, E. G. Flick, C. Hebard and D.
Ward (editors). AVI Publishing CO., Westport,
Connecticut, USA.

Steffens, W. 1981. Protein utilization by rainbow trout.
Salmogairdneriand Carp Cyprinus carpio: A brief
review. Aquaculture, 23: 337-345.

Stickney, R.R. and J. W. Andrews. 1972. Effects of dietary
lipids on growth, feed conversion, lipid and fatty acid
composition of channel catfish. J. Nutr.,., 102:249-258.

———- and R. B. McGeachin. 1983. Response of
Tilapia aurea to semipurified diets of different fatty
acid composition. p 346-355. In: Proc. Intl. Symp. on
Tilapia in aquaculture. Tel Aviv Univ. Press, Nazareth,
Israel.

- and W. A. Wurts. 1986. Growth response of blue
tilapia to selected levels of dietary Menhaden and
catfish oils. Prog. Fish Cult., 48:107-109.

Suffern, J. S.S. M. Adams, B. G. Blaylock, C.C . Coutant
and C.A. .Guthrie. 1978. Growth of monosex hybrid
tilapia in the laboratoryand sewage oxidatiompond. In:
Smitherman, R. O., W. L. Shilton and J. H. Grover
(eds), Culture of exotic fishes. Symp. Proc. Fish
Culture Section, Am. Fish. Soc., Auburn, Alabama. 65-81.

Tacon, A. G. J. 1979. Use of activated sludge single cell
protein (ASCP) derived from the treatment of domestic
sevage in trout diets. Proc. World Symp. on Finfish
Nutrition and fish feed technology. Hamburg, 2:249-267.

Takeuchi, T. S. Arai, T. Watanabe and Y. Shimma. 1980.
Requirement of eel Anquilla japonica for essential
fatty acids. Bull. Japan Soc. Sci. Fish., 46:345-353.

- and T. Watanabe. 1977,. Requirement of carp
for essential fatty acids. Bull. Japn. Soc. Sci. Fish.,
43:541-551.



141

«1977,,. Dietary level of
methyl 1aurate and essential fatty acid requirement of
rainbow trout. Bull. Japan Soc. Sci. Fish., 43:893-898.

and C. Ogino. 1978,.
Optimum ratio of protein to lipid in diets of rainbow
trout. Bull. Japan Soc. Sci. Fish., 44 (6):683-688.

---------------- « 1978y,

Use of hydrogenated fish oil and beef tallow as a
dietary energy source for carp and rainbow trout. Bull.
Japan Soc. Sci. Fish., 44 (8):677-681.

---------- , M. Yokoyama, T. Watanabe and C. Ogino.

1978,. Supplementary effect of 1lipid in a high protein
diet of rainbow trout. Bull. Japan Soc. Sci. Fish., 44
(6):677-681.

+ T. Watanabe and C. Ogino. 1979,. Availability
of carbohydrate and lipid as dietary energy sources for
carp. Bull Japan SOC. Sci. Fish., 45: 977-982.

Teshima, S., G. M. O. Gonzalez and A. kanazawva. 1978.

Nutritional requirements of tilapia: Utilization of
dietary protein by Tilapia zillii. Mem. Fac. Fish.
Kagoshima Univ., 27(1):49-57.

------ , A. Kanazawa and Y. Uchiyama. 1985,.Effects of

dietary protein, lipid and digestible caﬁbohydrate
levels on the weight gain, feed conversion efficiency
ratio of Tilapia nilotica. Mem. Kagoshima Univ.

Res. Center S. Pac.,6(1):56-71.

....... . 1985, .0ptimum

protein levels in casein-gelatin diets for Tilapia
nilotica fingerlings. mem. Fac. Fish. Kagoshima Univ.,
34(1)45-52.

Tuky, J. W. 1953. The problem of multible comparisons.

Memeographed. Princeton Univ., Math. Dept., Princeton,
New Jersy.

Walton, M. J. and C. B. Cowey. 1982. Aspcts of intermediary

metabolism in fish. Comp. Bioch. Physiol., 73B (1):59~-
79.

and J. W. Adron.l1l982.
Methionine metabolism in rainbow trout fed diets of
differing methionine and cystine contents, J. Nutr.,
1525-1535.

---------------------------- ) 19840

The effect of dietary lysine levels on growth and



Wang, K., T. Takeuchi and T. watababe. 1985

142

metabolism of rainbow trout, Salmo gairdneri. Br. J.
Nutr., 52:115-122.

------- , R. M. Coloso,C. B. Cowey, J. W. Adron, and D.

Knox. 1984. The effects of dietary tryptophan levels on
growth and metabolism of rainbow trout, Salmo
gairdneri. Br. J. Nutr., 51:279-287.

. Effect of
dietary protein levels on growth of tiiapia nilotica.
Bull. Japan. Soc. Sci. Fish., 5(1):133-140.

mmemecmceccccceeee- ———————— . 1985;,. Optimum

protein and energy levels in diets for tilapia
nilotica. Bull. Japan Soc. Sci. Fish., 5(1):141-146.

Watanabe, T. and Y. Hashimoto. 1968. Toxic components of

oxidized Saury oil inducing muscular dystrophy in carp.
Bull. Japan Soc. Sci. Fish., 34:1131-1140.

===-=--, F. Takashima and C. Ogino. 1974,. Effect of

dietary methyl linolenate on growth of rainbow trout.
Bull. Japan Soc. Sci. Fish., 40:181-188.

-------- » I. Kobayashi, O. Utsue and C. Ogino. 1974,,.

Effect of dietary linolenate on fatty acid composition
of lipids in rainbow trout. Bull. Japan Soc. Sci.
Fish., 40:387-392.

 C. Ogino and T. Matsunaga. 1974.. Requirement
of rainbow trout for essential fatty acids. Bull. Japan
Soc. Sci. Fish., 40:493-497.

-------- » O. Utsue, I. Koybayashi and C. Ogino. 1975,.

Effect of dietary methyl linoleate and linolenate én

growth of carp. 1. Bull. Japan Soc. sci. Fish.,
41:257-262

-------- ,» T. Takeuchi and C. Ogino. 1975;,. Effect of

dietary methyl linoleate and linolenate on growth of
carp. 2. Bull. Japan Soc. Sci. Fish., 41:263-269.

Weiss,E. A. 1971. Caster, Sesame and Saflower. Barnes and

Noble, Inc., New York.

------- . 1983, Oilseed Crops. Longman, London and New

Wendt,C. 1964. Diet and glycogen reserves in hatchery reared

atlantic salmon during different seasons. 1. Winter.
Swed. Salmon Res. Inst., RPT. LFI. MEDD.



143

Wilson, R. P., W. E.Poe and E. H. Robinson. 1980. Leucine ,

isoleucine,valine and histidine requirements of channel
catfish. J. Nutr., 110:627-633.

Winfree, R. A. and R. R. Stickney. 1981. Effect of dietary

Wu,

protein and energy on growth, feed conversion
efficiency and body composition of Tilapia aurea. J.
Nutr., 111 (6):1001-1012.

J. L. and L. Jan. 1977. Comparison of the nutritive

value of dietary proteins in Tilapia aurea. J. Fish.
Soc. Taiwan, 5(2):55-60.

Yone, Y. 1978. Essential fatty acids and 1ipid requirements

Yu,

of marine fish. In: Dietary lipids in aquaculture.
(edited by Japan Soc. Sci. Fish.). pp. 43-59. Koseisha-
Koseik aku, Tokyo.

===, 1979. The utilization of carbohydrate by fishes.

Proc. 7th Japan-Soviet Joint Symp. Aquaculture, Sept.
1978. pp. 39-480

--- and M. Fujii. 1975. Sstudies on nutrition of red sea

bream. XI. Effect of w, fatty acid supplement in a corn
oil diet on growth rate and feed efficiency. Bull.
Japan Soc. Sci. Fish., 41:73-77.

---------- ceceecee=, 1975,. Studies on nutrition of red

sea bream. XII. Effect of w, fatty acid supplement in a
corn oil diet on fatty acia composition of fish. Bull.
Japan Soc. Sci. Fish., 41:79-86.

===, M. Furuichi and S. Sakamoto. 1971. Studies on

nutrition of red sea bream. III. Nutritive value and
optimum content of 1ipids in diet. Rep. Fish. Res. Lab.
Kyushu Univ. no. 1, pp. 49-60.

===, S. Sakamoto and M. Furuichi. 1974. Studies on

red sea bream. IX. The basal diet for nutrition
studies. Rep. Fish. Res. Lab. Kyushu Univ., 2:13-24.

T. C. and R. O. Sinnhuber. 1975. Effect of dietary

linolenic and linoleic acids upon growth and 1lipid
metabolismof rainbowtrout Salmo gairdneri. Lipids,
10:63-66.

-------------------------- . 1976. Growth response of

rainbow trout Salmo gairdneri to dietary w; and wg
fatty acids. Aquaculture, 8:309-317.

. 1979. Effect of dietary wj,
and w, fatty acids on growth and feed conversion
efticisency of coho salmon (Oncorhynchus kisutch).
Aquaculture, 16:31-38.




144

. 1981. Use of beef tallow as
an energy source in coho salmon Oncorhynchus kisutch
rations. Can. J. Fish. Aquatic Sci., 38:367-370.




APPENDICES
APPENDIX I

During the early 1980's, the genus tilapia was
subdivided into two genera based on parental care behavior.
The genus Tilapian was restricted to tilapia species which
lack parental mouthbrooding of eggs and young, while the

subgenus name Sarotherodon was elevated to genus status and

given to the species of tilapia with parental mouthbrooding

of eggs and young. Later, the genus Sarotherodon was

subdivided into two genera; Sarotherodon and Oreochromis

based on whether parental females (0.), males (S.) or both
parental sexes (S.) perform the mouthbrooding behavior.
Although there is considerable argument over whether these
fishes are truly separate species, for the purpose of this
PH.D thesis, the genera names used will follow the current
convention of:
Tilapia = species of tilapia which lack mouthbrooding.
Sarotherodon = species of tilapia with male or biparental

(both male and female) mouthbrooding behavior.

Oreochromis = species of tilapia with female mouthbrooding

behavior.

regardless of the genus name used by authors of the original
cited papers. The only exception to the use of current
tilapia genera names will be in the literature cited section.
The term tilapia will be used to describe all three of these

closely related genera.
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APPENDIX II.

Mineral mixture for use in purified diets

(NRC, 1978)

Mineral-- gram per 100g diet
CaHPO, . 2H,0 2.07
caco, 1.48
KH,PO, 1.00
NacCl 0.60
MgSO, 0.30
KC1l 0.10
FeS0,.7H;0 0.05
MnSO, .H,0 0.035
ZnCo, 0.015
CuS0, . 5H,0 0.003
KIO, 0.001
NaMOO4.2H20 0.00083
coCl, 0.00017
NajySeO, 0.00002
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APPENDIX III.

Vitamin mixture for use in purified fish diets (NRC, 1978)

" vitamin mg/g premix® Vitamin IU
Choline-Cl 450.00 Vitamin A 500
Niacin 100.00 Vitamin Dy 200
Inositol 20.00 Vitamin E 5
Ascorbic acid 15.00
vitamin KP 12.00
Calcium pantothenate 6.00
Pyridoxine 1.50
Riboflavin 1.50
Thiamin. HCl 1.50
Antioxidant® 1.00
Folacin (folic acid) 0.50
Biotin 0.15
Vitamin B,, 0.003

3these quantities added to dimethylpyrimidinol to make 1 g.
bMenadione dimethylpyrimidinol bisul fate.
CButylated hydroxytoluene (BHT) and/or ethoxyquin.
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