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ABSTRACT: A feeding experiment was conducted to study the effect of different levels of 
supplemental Prosopis juliflora on growth pedormance, feed utilization and chemical composition 
of Nile tilapia (Oreochromis niloticus) fry (1.36 ± 0.04 g). Six isonitrogenous (30.46g 100g" crude 
protein) and isocalorific (0.018 MJ g") diets were formulated. Diet 1 (control without supplementing 
P. julifiora), and diets 2, 3, 4, 5 and 6 were supplemented with different levels (20, 40, 60, 80 
and 100 g kg-i) of P. juliflora, respectively. The results revealed that harvested gain (g fish") was 
significantly higher (P:5 0.05) for fish fed 60g kg-' P.juliflora, while the lowest value of harvested gain 
was achieved with fish fed free P. juliflora control diet. Despite that the fish fed diet (4) obtained the 
highest harvesting weight, weight gain , average daily gain and specific growth rate, no significant 
differences (P:5 0.05) were observed in average daily gain (g fish" day-I) between fish fed diet 3, 
4, 5 and 6, and in specific growth rate (% day-i) when inclusion level of P. jUliflora was increased 
from 20 to 40 g kg-' in diets 2 and 3 and from 80 to 100g kg" in diets 5 and 6, respectively. Feed 
intake was increased significantly (P:5 0.05) with in increasing P. juliflora inclusion level in the 
experimental diets. No significant differences were observed between the experimental fish groups 
in FeR in spite of the occurrence of a slight decreasing up to 80g kg-J, and PER. Protein productive 
value (PPV g 100g-'» and energy utilization (EUg 100g") were increased significantly (P:5 0.05) 
with increasing P.juliflora inclusion level in the experimental diets up to 60g kg" and then decreased 
significantly (P:5 0.05) . Fish whole body composition of dry matter and protein were significantly 
(P:5 0.05) affected by using P. jUliflora in fish diets. Fish fed diet 4 achieved the highest values of 
dry matter and crude protein. The results suggested that diet supplemented with 60g kg-I P. juliflora 
improved growth pedormances, feed and nutrients utilization, and whole body composition (dry 
matter, protein and energy content) in Nile tilapia fry. 
Keywords: Feeding, Tilapia, mesquite, Chemical composition. 
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INTRODUCTION 

The of insufficiency and 
involved in 

fish diet 1.11 V'''''"'''UI 

obstacle 

mmImlzmg 
specific utilizing expensive 

sources of raw materials fish balanced rations 
formulation. Prosopis 
nitrogen-fixer plants is rations, not only 

but also for poultry, goats, 
and horses (Mooney, et at. 1 et at. 
1984; 1988; Da 1996). This plant is 

Egypt and is not known as 
and feeding ingredient at a commercial 

Tilapias are to eating 
plant ingredients, are typically considered strict 
herbivores once they reach (Trewavas, 
1983; Keenleyside, 1991). Currently, 
culture Egypt uneconomical 
for most fish because of 
dietary ingredients and/or commercial diets. This 

~ 

'::"L..!S 

situation the farmers to falsify the bulk 
fish with poultry Moreover, 

formulation for most of the commercial 
there is a on one dietary 

nutrient which is crude protein without concern 
for other requirements energy. 
that because most 

ingredient fact 
high levels 

some 
non-protein 

energy sources in fish such as carbohydrates 
and lipids (EI-Sayed and Garling, 1988; 
et 1991; Erfanullah 1995). 
reported that on 
utilization of carbohydrates lipids 

and providing 
carbohydrates and lipids in 

can minimize the use costly protein. A U''''<J'Ll 

lipids are well by most some studies 
reported that levels reduce 
growth or produce fatty (Chou and Shiau, 
1996; and Wilson, 1977; Takeuchi, et at. 
1983). On the contrary, reported lipid
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deficient diets may result in growth retardation 
and other physiological symptoms (Castell, et al. 
1972; Takeuchi, et al. 1983). 

Carbohydrates (starches and sugars) are 
the most economical and inexpensive sources 
of energy included in fish diets to reduce feed 
costs and for binding activity during feed 
manufacturing. Furthermore, dietary starches are 
useful in the extrusion manufacture of floating 
feeds, where cooking starch during the extrusion 
process makes it more biologically available to 
fish. Carbohydrates, stored as glycogen that can 
be mobilized to satisfy energy demands, are not 
used efficiently by fish (can extract about l.6 kcal 
from 1 gram of carbohydrate) compared with 
mammals (can ex tract about 4 kcal of energy from 
the same amount of carbohydrate). On the other 
hand, up to about 20% of dietary carbohydrates 
can be used by fish (Craig and Helfrich, 2002). 

The carbohydrate to lipid ratio (CHO/LIP) 
in fish diets has been investigated by a number 
of authors (Palmer and Ryman, 1972 in trout 
diets; Garling and Wilson, 1977 on channel 
catfish; Bieber and Pfeffer, 1987 on rainbow 
trout; El-Sayed and Garling, 1988 on Tilapia 
zillii; Nematipour, et al. 1992 on stripped bass; 
Shimeno, et al. 1993 on Oreoehromis nilotieus 
and Erfanullah Jafri, 1998 on Clarias batraehus) 

The importance of P. juliflora arise from 
the followings: 1) Inexpensiveness of P. juliflora 
in comparison with other plant products; 2) High 
prices of yellow corn and rice bran, common 
plant energy sources in Egyptian fish farming; 3) 
good nutritional behavior of P. juliflora legumes 
and seeds as forage for livestock; (cattle, sheep, 
goats, camels and horses) (Vines, 1960; Martin 
and Alexander, 1974; Davis, et al. 1975; Duke, 
1983), high protein content of seeds (Becker and 
Grosjean, 1980), amino acid profile of pod flour 
(FAOIWHO, 1973) carbohydrates of legumes 
(Harden and Zolfaghari, 1988), sugar of flowers 
(Skolmen, 1990) and gum (Simpson, 1977); and 
4) crude protein and minerals concentration in P. 
jUliflora improves low quality feed (Sargent, 1965). 

The present study aims at investigating 
the effect of using different levels (0, 20, 40, 60, 
80, and 100 g kg· l) of P. juliflora pods, as plant 
energy source replacing yellow com, in feeding 
Nile tilapia (Oreoehromis nilotieu) fry, on growth 

performance, chemical composition and feed 
utilization, in order to test the efficiency of P. 
juliflora pods in fish feeding. 

MATERIAL AND METHODS 

The present experiment was designed to 
use P. joliflora in experimental diets formulation 
as plant source of energy concentrates instead of 
yellow com in order to investigate the possibility 
of using P. joliflora in fish diets. The study had 
been carried out at the Department of Animal 
and Fish Production, Faculty of Agriculture (EI
Shatby), Alexandria University. P. juliflora pods 
were harvested from mature trees in the Faculty 
of Agriculture, Alexandria University, and the 
samples were oven dried at 105'C (to remove 
anti-trypsin inhibitor activity) and stored for later 
analysis. Composition and proximate analysis (g 
100g'l) of P.juliflora used in the experimental diets 
formulating and processing (on OM basis) and as 
reviewed by several authors are shown in Table (1). 

Six experimental diets were formulated to be 
isonitrogenous and isoenergetic. Diet 1 (Control 
without adding P. juliflora) was formulated to be 
similar to a high quality commercial tilapia feed. 
Diets 2, 3,4,5 and 6 were formulated on the basis 
of replacing yellow com with different levels 
(20, 40, 60, 80 and 100 g kg'l) of supplemental 
P. juliflora, respectively. Ingredients were 
thoroughly mixed with water and then oven-dried 
at 105 0c. Diets were offered to fish in pelleted 
form (0.3 mm diameter). 

Twelve glass aquaria (30x40x100cm), each 
with capacity of 120L of fresh water, were used in 
the study. Each aquarium was allowed to contain 
1OOL of dechlorinated tap water (using 10 crystals 
of Sodium thiosulphate for each aquarium when 
water exchange). All aquaria were supplied with 
air pumps for keeping dissolved oxygen level at 
6 mg/1. Dissolved oxygen was measured every 
week using an YSI model 58 oxygen meter. 
Illumination was supplied by f10urcent ceiling 
lights and adjusted at 12 hours light: 12 hours 
dark. Water temperature was measured twice 
daily, at 9 a.m. and 9 p.m. Total ammonia and 
nitrite were measured twice weekly using a 
DREL, 2000 Spectrophotometer. Total alkalinity 
and chloride were monitored twice weekly using 
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the titration method and pH was monitored twice 
weekly using an electronic pH meter. Determined 
water quality parameters in the experimental glass 
aquaria were found as follow: Temperature (28 
± 0.5°C), dissolved oxygen (6.8 ± 0.6 mg LI), 
total ammonia (0.10 ± 0.12 mg Ll), nitrite (0.05 
± 0.03 mg L-l), total alkalinity (178 ± 38 mg Lr), 
chlorides (570 ± 148 mg L-r) and pH (8.3 ± 0.17). 

Nile tilapia fry were obtained from one patch 
of reproduction from one female reproduced in the 
laboratory and reared for 21 days for the aim of 
acclimatization for experimental diets and water 
quality; mortalities were excluded immediately. 
From survive fry, ten Nile tilapia fry (average 1.36 
± 0.04 g) were stocked, after weighing, into each 
aquarium with two replicates per treatment. After 
stocking, to minimize stress of handling, all fish, 
in each aquarium, were weighed every 2 weeks till 
the end of the feeding experiment. At the end of 
the experiment survival rate was 100% between 
the experimental fish. All fries were fed twice 
daily at 8.00 a.m. and 16.00 p.m. for 112 days (6 
days weekly) as follows: 15g 100g-1of total body 
weight at the first month, 109 100KI of total body 
weight at the second month, 5g 100K1 of total 
body weight at the third month and then 4g 100g- r 

of total body weights till the end of experiment. At 
thestartandendofthefeedingexperiment,anumber 
of fish were killed, decapitated, homogenized 
in a blender, stored in polyethylene bags, and 
frozen for subsequent protein (kieldahl), ether 
extract (Sochsilette), moisture and ash analysis. 

Growth performance and feed utilization 
were measured in terms of final individual fish 
weight (g), final weight gain (g), average daily gain 
(g fish-1day-I), Specific growth rate (SGR%), Feed 
conversion ratio (FeR), protein efficiency ratio 
(PER), Protein productive value (PPV%), Energy 
utilization (EU%) according to Ballestrazi, et al. 
(1994). 

Statistical analysis was performed 
according to Statistical Analysis System (1988); 
using a computerized Package Software (SPSS 
Version 10) and treatments were evaluated at 
the 0.05 probability. Analysis of variance, one
way ANOVA was used to evaluate the effect of 
different levels of supplemental P. julifiora on 
growth performance, chemical composition and 
feed utilization of Nile tilapia (Oreochromis 

niloticus) fry. The differences within treatments 
were evaluated using LSD at 0.05 probabilities 
(Steel and Torrie, 1980). All percentages and 
ratios were transformed to arcs in values prior to 
analysis (Zor, 1984). 

Table 1. Composition (g ] OOKI) of Prosopis 
julifiora used in the experimental diets (on DM 
basis) and as reviewed by several authors. 

Part of the 
Ingredient g lOOg·l Reference 

plant 

Crude protein 19.92 

Ether extract 1.41 

Crude fiber 22.22 

Nitrogen free 
Pods extract 49.82 Present study 

Ash 5.33 

Gross energy 

(MJ lOOg·l) 1.3825 

dry matter 41.2 

crude protein 19.0 

crude fiber 21.6 

Fresh ash 8.5 Boyns (1947) 
leaves ether extract 2.9 

soluble 

carbohydrates 48.0 

Water 14.35 

Oil 1.64 

Starch 16.36 

Glucose 30.25 

nitrogenous 

Pods material 0.85 Simpson( 1977) 

tannin-like 

material 5.81 

mineral salts 3.5 

cellulose 27.24 

Protein 13.9 

Fat 3.0 

Pods Total 

carbohydrates 78.3 

Fiber 27.7 

Ash 4.8 

Protein 19.0 FAO (1980) 

Fat 2.9 

Leaves Total 

carbohydrates 69.6 

Fiber 21.6 

Ash 8.5 
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RESULTS 

Chemical Analysis of Diets 
Proximate chemical analysis (g 100g-J) 

of P. jul(fiora pods, obtained in the present 
study, compared with different references, 
and as shown in Table (1), revealed that the 
pods of P. jul(fiora contained 19.92g 100g-J 
crude protein; 1.41g 100g-1 ether extract; 
22.22g 100g-J crude fiber; 5.33g 100g-1 ash; 
49.82g 100g-J nitrogen free extract; and 1.3825 
MJ 100g-1 DM gross energy. The composition 
and proximate analysis (g lOOg-i) of the six 
experimental diets are shown in Table (2). 
Experimental diets were formulated to be 
isonitrogenous and isoenergetic, and to contain 
about 30.46g 100g-J crude protein and 0.018MJ 
g-i gross energy. The average value of protein 
to energy (P:E) ratio in the tested diets was 
O.294mg protein MJ-J gross energy. 

Growth Performance 
The results in Table (3) demonstrate 

that highest final weight was obtained with 
fish group fed with diet (4) supplemented 
with 60g kg- J P. jul(fiora. The smallest final 
weight was recorded with fish group fed 
control diet. Slightly significant differences 
(P~ 0.05) were observed among the experimental 
fish in Average Daily Gain, where fish fed control 
diet was the lowest in ADG, while the best ADG 
was observed in fish fed diet (4) and differences 
between fish fed diets 3, 4, 5 and 6 were not 
significant (P~ 0.05). Specific growth rate 
(SGR%) was not significant (P~ 0.05) between 
fish fed diets 2, 3, 5 and 6 and the highest value of 
SGR was obtained with fish fed diet (4), while the 
lowest value was obtained with fish fed control 
diet. Weight gain was increased with increasing 
P. jul(fiora inclusion level in experimental diets 
up to 60g kg-I (diet 4), and then decreased. On the 
other hand, it was found that increasing P.jul(fiora 
inclusion level more than 60g kg-I in Nile til apia 
fry diet leads to a decrease in growth rate. 

Feed Utilization 
Table (4) shows that feed intake increased 

with increasing P. jul{fiora levels in fish diets 
up to lOOg kg-I and no significant differences 

were observed in feed intake when inclusion of 
P. jul(fiora was increased from 40 to 60 g kg-I and 
from 80 to 100 g kg-I in the experimental diets. In 
spite of the slight improvement of Feed Conversion 
Ratio with increasing inclusion level of P. jul(fiora 
up to 80g kg-I, no significant differences (P~ 0.05) 
were observed between all fish groups in FCR. 

The results of the present study also revealed 
that no significant differences were observed 
in Protein Efficiency Ratio (PER) between all 
experimental fish, but the best PER was obtained with 
fish fed diet (4). Protein Productive Value (PPV%) 
and Energy Utilization (EU%) were increased 
significantly (P~ 0.05) with increasing the inclusion 
level of P. jul(fiora in the experimental diets up to 
60g kg-I and then decreased. The best PPV% and 
EUO/O were obtained with fish fed diet (4) while the 
lowest values were obtained with fish fed control diet. 

Carcass Chemical Composition 
Fish whole proximate composition at the 

termination of the feeding experiment, as shown 
in Table (5), revealed that Dry Matter (DM) and 
Crude Protein (CP) were increased with increasing 
P. jul(fiora inclusion levels in experimental diets 
up to 60g kg-I and then decreased up to lOOg kg-I. 
On the other hand, Ether Extract (EE) and Ash 
had shown a reversible trend. Energy content (MJ 
lOOg-') was significantly (P~ 0.05) increased at the 
end of the experiment for all treatments. 

DISCUSSION 

Maximizing the utilization of protein 
for growth by supplying adequate amounts of 
alternative dietary of none protein energy sources 
such as lipids and carbohydrates is an aim in 
fish feeding; in particular protein is the most 
expensive source of energy and carbohydrates 
(starches and sugars) are the most economical 
and inexpensive sources of energy for fish diets. 
The use of carbohydrates as a protein sparing 
energy source has less attention than the use of 
lipids and there is still some dissension about 
the level of dietary carbohydrates that should be 
included in commercial fish rations, especially 
Tilapia. Different studies (Brett and Groves, 
1979; Chow and Halver, 1980) stated that the 
ability of fish to utilize carbohydrates as a source 
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a source of 
In addition, 

more than carnivorous fish. 
et ai. (1984) 

''''H."U''''''''' from 0 to 40%. 

Nutritional Value oj (Prosopis JU',wu,rUJJ in Feeding Nile Tilapia". 

Diet No. 
Item 

1 2 3 4 5 6 

Ingredient (g lOOg·l) 
Fish meal 20 20 20 20 20 20 

meal 25 25 25 25 25 
20 20 20 20 20 20 

Yellow corn meal 30 28 26 24 22 20 

Prosopis juliflora 0 2 4 6 8 10 

Sunflower oil 3 3 3 3 3 3 
Premix* 2 2 2 2 2 2 

Total 100 100 100 100 100 100 

Proximate analysis weight) 

Dry matter 94.60 93.43 93,61 93.90 94.20 94.45 
Crude 30.13 30.35 30.57 30.80 30.42 30.46 
Ether extract 4.33 4.29 4.25 4.2] 4.16 4.12 
Crude fiber 4.50 4.88 5.27 5.66 6.05 6.43 
Ash 5.83 5.91 5.98 6.06 6.14 6.21 
NFE 55.21 54.57 53.93 53.27 53.23 52.78 

0.Q18 0.Ql8 O.oI8 O.oI8 0.Q18 0.Q18 
0.288 0.291 0.295 0.298 0.296 0.298 

vitamins and minerals (mg or IU) I kg of diet, vit. A, 8000 IU; vit. D3 4000 IU; vi!. E, 50 IU; viI 

200 mg; 
69 mg; Nicotinic acid. 125 mg; Thiamin, ]0 mg; Folic acid, 7 mg: Biotjn~ 7 mg; vit. B'2' 75 mg; Cholin, 

350 mg; Zinc, 325 mg. 
Gross energy (GE MJ diet) calculated to NRC the calorific values: 5.64,9.44 and 4.11 
diet of protein, ether extract and carbohydrates, (0.02359776, 0.03949696 and 0.01719624 MJ), respectively. 

Table Effect different inclusion levels Prosopis jUliflora on growth performance Nile 
(Oreochromis niloticus) fry. 

Wheat bran 

Live weight (g/fish) 
Diet* No. Weight gain (g/fish) ADG** (glfish/day) SGR*** (%

Initial Final 

1 1.35" 42.1 0.38 3.09 
2 1.37 a 49.49' 48.12 0.43 3.20ab 
3 J.35 a 56.58 d 0.51 3.36 
4 1.36" 62.78a 61.42 3 0.55 a 3.42 a 
5 1.37 3 59.19 b 0.53 a 3.38 ab 

6 1.35 59.58e 58.23 c 0.52a 3.38 ab 

of depends on its enzymatic capacity to 
degrade carbohydrate. authors 
a-amylase is the herbi vorous 

followed by omnivorous carnivorous 
respectively, therefore, herbivorous 

and omnivorous carbohydrate as 

Table 2. Composition and Proximate analysis (g lOOg-l) of 
Prosopis juliflora pods 

that 
simple and complex 

of Nile tilapia was 
glucose, sucrose, dextrin 

diets different inclusion 

SE 0.05:1:0.0] 0.31:1:0.06 0.29:1:0.06 0.ll±0.03 0.28±0.08 

'" Diet I(control), diets 2, 3,4,5 and 6 different levels (20, 40, 60, 80 and 100 kg') respectively. 
daily gain. 

growth rate. 
the same letters within each column do not differ significantly 0.05). 

** ADG: 

*** SGR%: 

http:0.28�0.08
http:0.ll�0.03
http:0.29:1:0.06
http:0.31:1:0.06
http:5.64,9.44
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Table 4. Effect of different inclusion levels of Prosopis juliflora on feed and nutrient utilization of 
Nile tilapia (Oreochromis niloticus) fry, 

Feed utilization Protein utilization 
Diets* No. 

FI FCR PER PPVO/O 
Energy utilization (giIOOg·l) 

1 72.83 a 1.73 a 1.92' 22.74 e 15.10 e 

2 80.84 c 1.68 a 1.96 a 24.30 d 16.10 d 

3 93.36 b 1.65 a 1.58 • 25 .86 c 17.16 c 

4 
5 
6 

93.36 b 

97.66 a 

97.83 a 

1.52 • 
1,40' 
1.67 a 

2.14 a 

1.99 a 

1.95 a 

30,43 a 

27.16 b 

26.14 c 

19.80 a 

17.84 b 

17,43 c 

X±SE 0 .30 ±0.06 0 .34±0.05 0.64±0.19 0.39±O.07 0.39±0.07 

*Diet 1 (control), diets 2, 3, 4, 5 and 6 containing different levels (20, 40, 60, 80 and 100 g kg') of Prosopisjulijlora, 
respectively. 
PI: Feed intake (not seen on the table) 
FCR: Feed conversion ratio 
PER: Protein efficiency ratio 
PPY: Protein producti ve value% 
a, b, c: Means bearing the same letters within each column do not differ significantly (P:5 0.05). 

Table 5. Effect of different inclusion levels of Prosopis julifiora on chemical composition of Nile 
tilapia (Oreochromis niloticus) fry. 

On DM basis (g lOOg·l) 
T DM Energy content (MJ lOOg·l)

CP EE Ash 
At start: 20.37 54.12 19.34 26.54 2.04876 

At end: 

1 20,49 e 57.79 b 24,41 a 17.68 ab 2.04876 a 

2 21.19 d 58.30 b 23 .82 b 17.88 a 2.336754 a 

3 22.04 c 58.92 ab 23.57 be 17.51 ab 2.329614 • 
4 23.30 a 60.82 a 22.50 e 16.68 e 2.330202 a 

5 22.67 b 59.89 ab 23.03 d 17.08 be 2.331756 a 

6 22,45 be 59.37 b 23.33 e 17 .30 abe 2.331378 a 

X±SE 0,48±0.09 2.03±0.39 0.29±O.05 0.64±0.012 0.26±0.06 

*Diet I (control), diets 2, 3,4,5 and 6 containing different levels (20, 40, 60, 80 and 100 g kg') of 
Prosopis julijlora, respectively. 

**DM: Dry matter, CP: Crude protein, and EE: Ether extract. 

a, b , c: Means bearing the same lellers within each column do not differ significantly (P:5 0.05). 

Nutritional Value of P. julifiora 
Proximate chemical analysis of P. juliflora 

varies in different studies due to agriculture 
location, soil characteristics, and Prosopis 
species (Imperial Bureau of Animal Nutrition, 
1936; Habit and Saavedra, 1988). In terms of 
nutritional value, different studies have been made 
to illustrate the benefits that could be obtained 
from P. juliflora in animal feeding. In feeding 
trials with sheep, Felker and Bandurski (1979) 
concluded that protein digestibility coefficient for 
mesquite pods was 15% higher than for alfalfa 
hay. In India, Shukla, et al. (1984) reported that 
whole pods P. julifiora were found to provide 7 g 

lOOg" digestible crude protein and 75g lOOg" 
total digestible nutrients on a dry matter basis; 
the digestibility of crude protein from P. julifiora 
pods was 50-60g lOOg"; ether extract 70g lOOg"; 
crude fibre 80g lOOg"; nitrogen free extract 79g 
lOOg" and organic matter 74g lOOg·'. On the other 
hand, Talpada (1985) found that the sugar content 
of P. juliflora pods varied from 13 to 20 g lOOg" 
in different seasons and years, showing a strong 
environmental effect on pod composition. Other 
studies concluded that the fruit (pods) produced 
by Prosopis is high in sugars, carbohydrates 
and protein (Oduol, et al. 1986; Galera, et 
al. 1992; Anttila, et al. 1993). Furthermore, 

http:0.26�0.06
http:0.29�O.05
http:2.03�0.39
http:0,48�0.09
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Bravo, et (1994) that nitrogen and calcium 
balances in Prosopis were but 

phosphorus balance was negative 
pods should be with a phosphorus rich 
supplement. However, the Indian Council 

for Forestry and Education 
1994) reported P. juliflora has a value 
as and that value in pods which 
are very palatable and provide 
value to sheep, goats, 

Growth Performance 
using Prosopis pods in animal 

could substitute or reduce, at much lower 
the use of soybeans, and 

all of which could produced on only a very 
limited in semi-arid areas. Prosopis has 
higher protein content than all common feeds 
from regions (Da Silva, 1996). fed diet 
supplemented with 60g P. juliflora 

highest final in the 
studies had investigated plant ingredients other 
than P. juliflora fish (1988) 
illustrated that meal can replace 
of In diet of O. mossambicus without 

study. 

addition, 
Fagbenro 998) concluded that the legume 

were suitable til apia 
Fontainhas-Femandes, et at. (1999) suggested 
that in fish there is a possibility of partial 
replacement fishmeal with plant ingredients 

have apparent digestibility coefficients 
such as meal, soyabean 
meal, full-fat toasted soyabean, and micronized 

AbdeJgabbar (1986) in 
indicated rations goats, 
and dairy cattle can very 
and/or 
the consisted ground Prosopis Other 
studies (Michelson, 1960; Goldschmeding and 

weight 
production when about 600g 

1973; 1976; Kawasaki, 
Harada, 1987; Harada et , 1993) reported 

same P. juliflora in livestock 
feeding with Silbert 
(1 illustrated that suitable amendments 
as urea, cottonseed or 
included 
an ingredient in the The 

must 
at using Prosopis as 

of 

rate of tilapia fry the present study consequent 
to P. level more 60g kg", 

attributed to high fiber 
content lOOg") p. juliflora as shown 
in (I), or the inflammatory effect the 
alkaloidal fractions P. juliflora (Julifloricine 
and juliflorine), appears to affect at 
level 50g kg" (Aqeel, et 1995). Moreover, 
high content P. juliflora pods may 

digestibility and absorption involved 
dietary 

respect, considerable research has 
been undertaken on use milled pods in 
livestock rations, particularly in India (Shukla, et 
al. 1984) and and 1990). 
Shukla, et al. (1984) found that consumption 

was 
containing up to 450g P. 

1 kg" cattle body weight, with 
live gains good animal 

performance. Other have indicated that 
rations containing less than 500g 

jUliflora pods lead to no 

rumen ""<>,"P'''' 
the high 

digestibility, nutrient 
However, there are several records 

ill effects in livestock when used 
(Alder, 1949), and were 
attributed to the of 

Silva (1990) recommended rations containing 
Prosopis pods lactating animals, milk 
production improved as pods included in 

and noted no effects on milk flavour 
at less than SOOg pods in ration. On the 
other Silbert (1988) that 
is particularly beneficial increasing milk 

when dairy cows 750g mesquite 
flour 150g kg'l bran lOOg com. 
author that for growth production 
in high yielding dairy cows, mesquite's cmde 
fi ber must be balanced with a feed in crude 
protein such as meal or paste. 
Furthermore, et al. (2000) reported 

increased milk yield by 
more than 20%. 

On other hand, Habit and 
(1988) in Brazil, reported that P. juliflora pod 
flour could up to 600g kg" wheat flour 
in rations lactating cows and DM 
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weight gain, and milk production increased with 
increasing proportion of pod flour. They added 
that total replacement of wheat flour by ground 
pods was also favorable for beefcattle. In addition, 
Habit and Saaverda (1988) in Mexico, reported 
that trials with sheep showed that replacement of 
sorghum flour with P. jUliflora pod flour, up to 
450g kg- Ibut less than 600g kg-J, increased weight 
gain, while in Brazil, replacement of sugarcane 
molasses with P. juliflora pods at 0, 150, 300, 
450 and 600 g kg- I was most effective in terms 
of weight gain at the 300 and 450 g kg- I levels. In 
addition, Riveros (1992) reported that P. juliflora 
flour was used to replace up to 100% of wheat bran 
in rations for chickens with no effect on intake, 
FCR, or egg weight. Furthermore, Da Silva (1996) 
reported that the introduction of up to lOOg kg-I 
of bran from Prosopis pods can substitute other 
normal food without affecting the productivity 
of chickens and other birds raised for meat, and 
up to 300g kg- I of the food of cattle, horses, 
goats, sheep can be furnished by Prosopis bran. 

Lim and Dominy (1989) reported that 
Tilapia can digest carbohydrates in feedstuffs 
relatively well. Furthermore, Osman (1991)found 
that Tilapia hybrid fingerlings body weight gain, 
SGR, FCR, and NPU were improved when fish 
fed a diet containing 25% protein with 62% total 
carbohydrates. In confirmation to these results, 
Shiau and Peng (1993) stated that tilapia well 
utilized the highest carbohydrate level of 41 %, 
and that the optimum P:E ratio for tilapia fry and 
small fish up to 2.5g, is ranging from 28 to 35.5 
mg protein/kJ ME, while the adult fish have a P:E 
ratio ranging from 21.5 to 30 mg protein/kJ ME. 
In the present study, P:E ratios in the experimental 
diets were higher than recommended ratios by 
Shiau and Peng (1993), which may be the cause of 
obtaining insignificant results between treatments 
in some growth performance parameters, feed 
intake and feed conversion ratio. On the other 
hand, Craig and Helfrich (2002) concluded that 
up to about 20% of dietary carbohydrates can be 
used by fish. These differences in determination of 
the optimal carbohydrate level may be attributed 
to differences in the experimental environmental 
conditions and the form of carbohydrates used in 
feeding trial. 

Feed Utilization 
Improving feed conversion ratio (FCR), 

in the present study, from 1.73 to 1.52, indicates 
increasing feed intake with increasing P. juliflora 
level in fish diet from 20 to 60g kgl. On the other 
hand, increasing feed intake with increasing 
P. juliflora levels in fish diets up to lOOg kg- I 

indicates its attractive effect and palatability, but 
lead to a negative effect on FCR 0.68), which 
indicates that increasing P. juliflora to more than 
60g kg-J in the diet of Nile tilapia (Oreochromis 
niloticus) fry had lead to decreasing the beneficial 
effect of using the P. juliflora supplemented diet 
in producing one unit of fish. 

The highest values of protein efficiency 
ratio (PER), protein productive value (PPV 
%) and energy utilization (EU %) recorded for 
fish fed diet (4) may be attributed to : 1) taking 
into consideration that crude protein values in 
experimental diets were approximately similar, 
weight gain in fish fed diet (4) recorded the highest 
value; 2) P.juliflora contains many miscellaneous 
compounds in the form of monosacharides, 
disaccharides and amino acids (Da Silva, 1996), 
which attract tilapia to increase its appetite and 
feed palatability (Simpson, 1977); and 3) tilapia 
utilize disaccharides better than glucose (Shiau 
and Chen, 1993). 

Carcass Chemical Composition 
Increasing experimental fish's energy 

content (MJ lOOg-l) at the end of the experiment 
for all treatments is a normal result for increasing 
protein and fat contents. Increasing crude protein 
in fish, at the end of the experiment, with increasing 
P. juliflora levels in the diet up to 60g kg- I reflects 
the role of P. juliflora , as a moderate source of 
plant protein and rich source of carbohydrates, in 
replacing yellow com (energy source) for protein 
retention in the fish and saving rich protein sources 
(fishmeal and soybean meal) for growth. The 
decrease in ether extract content with increasing 
P. juliflora level may be attributed to : 1) low 
fat content in P. juliflora ; and 2) Prosopis flour 
requires longer time to digest than those from 
most other grains, e.g., 4 to 6 hours compared 
to 1 to 2 hours for wheat (Choge, et al. 2006) , 
which means expending more energy in Prosopis 
digestion, with energy expenditure increasing as 
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60g kg<l 

that the tolerable range for 
tilapia It was in the "Summary 
Reports" European Commission (1999) that 
Prosopis did not any 

rat and experiments, and 
remarkable physiological effect is 

and 
The carbohydrate to lipid (CHO/LIP) 

in diets has investigated by a number of 
authors. Palmer and Ryman (1972) suggested that 
there may be an optimum carbohydrate to lipid 
ratio value in trout which could maximize 
the of through hepatic 
glycolysis and the overall of glucose 
use. Acceptable carbohydrate to for 
channel catfish been reported to be 

0.45 4.5 (Garling and Wilson, 1977). 
!.JTA'rTPr( 	 growth 

rate and enhanced protein 
in rainbow trout gairdneri R) when the 
diets consisted of both fat starch as compared 
to diets either only or 
Sayed and Garling (1988) reported Tilapia 
zillii can both 

lipids as sources and that these can 
substituted at a rate 

with physiological Nematipour, 
et al. (1992) that hybrid stripped bass 
efficiently both carbohydrates Iipids 
as energy sources but that lipids 

replaced carbohydrates to improve 
quality and productivity. Erfanullah Jafri 

(1998) thatthe CTrfYUJrn 

(Clarias batrachus) diets containing varying 
(0.02 t043.00) differ 

NRC (1993) revealed that no 
requirement for carbohydrates has 

in On other hand, 
(1989) and Wilson (1994) reported that 

level carbohydrates in 
to avoid disproportionate 

and lipids for supply of 
metabolic In addition, 

Andrews (1979) stated it is important to 

provide the exact amount energy in diets for 
fish, and dietary excess or deficiency of useful 
pn,pro'u can growth rate, 
is for maintenance and voluntary activity. 
The diet containing excess 
food consumption and thus 

amounts protein and nutrients 
for maximum Lovell 
(1989) reported that high energy / 

can lead to a deposition of 
body fat fish) and dietary 

used the is 
deficient 	 energy to protein. 

study, on Lovell 
(1989), increasing inclusion level of P. juliflora 
instead of yellow com up to lOOgl increased 

deposition 0.05). 
beyond that level 

which 
imbalance in dietary energy/nutrient ratios. 

Simultaneously, body was up to 
60g 100g<] inclusion level began to 
deposit in fish body, 
nutrients ratio 

experimental 
Moreover, increasing intake with 

increasing inclusion of P. juliflora up to 
60g lOOg", study, may indicate that 
dietary in diet was the level 
O. 	niloticus fry under present experimental 

which is reflected in achieving the 
best daily rate. 

Lochmann and Phillips that 
gain warm water omnivorous fish 

improved with increasing complexity of 
carbohydrates: sucrose, 

respectively. In the study, both 
yellow com and juliflora were involved 
in experimental diets as starch. spite 

than yellow corn in which 
nutrients absorption, P. luliflora 

inclusion in the experimental improved 
feed utilization parameters slightly 

up to 60g study. 
other hand, growth 
parameters with P. luliflora beyond 
that inclusion instead yellow corn in 

may attributed to: 1) the higher 
fiber content of P. luliflora; 2) ratio may 
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be higher than experimental fry requirements; 
and 3) increasing phytic acid (hexaphosphate of 
myoinositol) concentrations in P. luliflora with 
increasing inclusion level which reduced protein 
and mineral bioavailability (Davies and Gatlin, 
1991; Hossain and Jauncey, 1990; NRC, 1993) 
due to the absence of the enzyme phytase within 
the digestive tract of fish (Lovell, 1989). 

CONCLUSION 

The current study is the first under
publication experiment on using Prosopis 
juliflora in fish feeding. It concentrated on 
investigating and studying the effect of different 
levels of supplemental Prosopis juliflora on 
growth performance. There is a need for further 
experiments and dissemination of information 
on using Prosopis in fish feeding, particularly in 
investigating: 1) the tolerable level of P. juliflora 
in fish feeds; 2) thermal, chemical and biological 
treatments of anti-nutrients involved in P. 
juliflora; and 3) economical evaluation of using 
P. juliflora in fish feeds. 

Based on the results of this study, it is 
recommended to use Prosopis juliflora pods 
powder, as a complementary ingredient, not 
as a sole ingredient diet, to tilapia feeds at 60g 
kg- 1 level during fry and fingerlings stages in 
order to stimulate roughage consumption and to 
maintain dietary protein for growth as a source 
of energy. Furthermore, it is recommended 
that Phytase enzyme must be added to diet 
when using P. luliflora in feeding Nile tilapia; 
P. luliflora could be used in Nile tilapia fry 
feeds as a source of energy; a combination of 
different plant origin energy sources could be 
used in tilpia fry feeds , and more trials need to 
be carried out to investigate the potentiality of 
P. luliflora as energy source in tilapia feeds. 

ACKNOWLEDGEMENTS 

The authors wish to thank Professor A.M. 
Nour and Professor A.M. Abdel-Halim for 
revising and supporting this work. 

REFERENCES 

Abdelgabbar, E (1986) The identity of common 
mesquite Prosopis species. Pamphlet No. 
1, Prosopis project supported by IDRC. 
Khartoum, Sudan. 

Aqeel, A, Viquaruddin, A, Mohammad, KS, 
Siddiqui, Ara S, and Ali Khan K (1995) 
Study of the antibacterial Therapeutic efficacy 
of luliflorine, julifloricine and A benzene 
insoluble Alkaloidal fraction of Prosopis 
juliflora. 

Alder, AE (1949) Indigestion from unbalanced 
kiawe (mesquite) bean diet. Journal of the 
American Veterinary Medical Association 
153: 263. 

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

Andrews, JW (1979) Some effects of feeding 
rate on growth feed conversion and nutrient 
absorption of channel catfish. Aquaclture 16: 
243-246. 

Anttila, LS, Alakoski, GM, and Johansson, SG 
(1993) Browse preference of orma livestock 
and chemical composition ofProsopisjuliflora 
and nine indigenous woody species in Bura, 
eastern Kenya. East Afr. Agric. For. l . 58: 83
90. 

Ballestrazzi, R, Lanari, D, DAgaro, E, and 
Mion, A (1994) The effect of dietary protein 
level and source on growth, body composition, 
total ammonia and reactive phosphate 
excretion of growing sea bass, Dicentrarchus 
labrax. Aquaculture, 127: 197 - 206. 

Becker, R, and Grosjean, OK (1980) A 
compositional study of pods of two varieties 
of mesquite (Prosopis glandulosa, P. velutina). 
Journal of Agricultural and Food Chemistry 
28 B (1):.22- 25. 

Bieber, M, and Pfeffer, E (1987) Gelatinized 
maize starch versus sunflower oil or beef 
tallow as sources of non protein energy in 
diets for rainbow trout (Salmo gairdneri R). 1. 
Growth rate and utilization of dietary energy 
and protein. 1. Anim. Physiol. Anim. Nutr. 57 
: 150-156. 



60 Nutritional Vahle oj (Prosopis Julijlora)Pods in Nile Tilapia ... 

Bravo, L, Grados, N, and Saura.Calixto, 
F (1994) Composition and uses 

pods (Prosopis pallida L) 
carob 

L). Journal of the ofFood and 
65:303-306. 

Brett, JR, Groves, (1979) Physiological 
In: Hoar, WS, Randall, DJ, 

JR (eds.), Fish physiology 
", Vol. 

USA. pp 279-352. 
Castell, JD, Sinnhuber, RO, DJ, and 

Wales, JH (1 Essential fatty acids 
of trout (Salrno gaindneri), 

Physiological symptoms J. 
Nutr. 102 ( ): 67-92. 

Choge, Harvey, M, Chesang, S, 
Pasiecznik, NM Cooking with Prosopis 
Flour. Recipes and in Barfngo 

KEFRI, Nairobi, Kenya, & 
r\u"nr.", UK. p 5. 

Chou, BS, and Shiau, (1996) dietary 
lipid for growth ofjuvenile hybrid tilapia, 
Oreochrornis niloticus ' Oreochromis aureus, 
Aquaculture 1 

KW, and Halver, JE (1980) Carbohydrates. 
In: Technology. UNDP-FAO of UN. 
Rome, pp 

Craig, and Helfrich, LA Understanding 
Feeds, and Feeding 

Understanding Fish Nutrition, and 
Feeding. Virginia Cooperative extension, 
Publication, Virginia, USA, pp 

Da JI (1 Prosopis juliflora as an 
alternative source of food in the world's 
semiarid areas. In: Felker, P, and Moss, J 
(eds.) Fuelwood and 
Forage Consensus for 
Disenfranchised. for Semi-Arid 

Kingsville, USA 3. 
Davies, DA, Gatlin, DM (1991) 

mineral fish an In: 
Akiyama,DM, and R.(eds).Proceedings 
of Feed 
Nutrition Workshop, Thailand and Indonesia, 

19-25. 
CA, Barkley, RC, and Haussamen, WC 

(1975) Scaled quail in southeastern 
Mexico. Journal of Wildlife Management 

B: 496
De Silva, Guansekera, RM, and Shim, 

(1 	 1) Interactions of varying dietary protein 
lipid tilapia: 

of protein Aquaculture 95: 
Duke, JA (1983) Handbook of 

( unpublished). 
EI-Sayed, AM, Garling DLJ (1988) 

Carbohydrate to lipid in diets 
zillii Aquaculture 73: 1 

Erfanullah Jafri, (1998) of dietary 
carbohydrate to lipid ratio on growth and 
body composition catfish 
batrachus), Aquaculture : 159-1 

ErfanuHah Jafd, AK (1995) sparing 
dietary carbohydrate diets for 
Labeo Aquaculture 136: 

European Commission (1999) New 
Products Latin 
America: A Base of the 
Culture the Prevention Desertification 
in Arid Zones. Summary r",r,,,rtc of European 
Commission supported projects (1992
1 published by 

Fagbenro, OA (1998) Communication: 
Apparent digestibility of legume 

In tilapia Agriculture 
International 6 0): 83-87. 

FAOfWHO (1973) and protein 
requirements, Ad hoc Committee. In: 
World Health Report, 
Series Italy. 

Felker, and Bandurski, RS (1979) Uses 
potential uses leguminous trees for 
energy input Bot. 
184. 

Fontainhas-Fernandes, A, Gomes, A, Reis-
Henrigues, MA, and J ( 
Replacement fish meal plant proteins 

the diet Nile tilapia : Digestibility and 
growth pelformance. Inter. 7 (1):57-67. 

Galera, 	FM, Trevisson, M, and Bruno, 
(1 Prosopis Argentina: initial 
on cultivation in greenhouses and orchards, 
and pod quality for food or feed of 
Prosopis of Province. In: 
Dutton RW (ed.) Prosopis . Aspects 
of Value, and Development. 



61 HaJez Mabrouk, Eman Hilmi. Mohamed Abdullah 

CORD, University of Durham, Durham, UK, 
pp 145-156. 

Garling, DLJ, and Wilson, RP (1977) Effects of 
dietary carbohydrate to lipid ratios on growth 
and body composition of fingerling channel 
catfish, Prog. Fish Cult. 39 (1) 43-47. 

Goldschmeding, JT, and Jager, JC (1973) 
Feeding response to sucrose with pond snail 
(Lymnaca stagnalis) after nerve section and 
tentacle amputation. Neth.J.Zool., 23: 118-124. 

Habit, MA, and Saavedra, JC (1988) The 
Current State of Knowledge on Prosopis 
juliflora. FAO, Plant Production and Protection 
Division, Rome. Italy. 

Habit, MA, and Saavedra, JC (1990) The Current 
State of Knowledge on Prosopis jUliflora. 
FAO, Rome, Italy. 

Harada, K (1987) Favorite and disliked 
constituents for aquatic animals. Kansui, 276 
(1): 25-33. 

Harada, K, Miyasaki, T, and Tamura, Y (1993) 
Feeding attraction activity of sterioside for 
aquatic animals. J. Nippon Suisan Gakkaishi: 
9 (11): 

Harada, K, and Kawasaki, K (1982) The 
attractive effect of seaweeds based on the 
behavioral response of young herbivorous 
abalone (Haliotis discus). Nippon Saisan 
Gokkaishi, 48: 617-62l. 

Harden, ML, and Zolfaghari, R (1988) Nutritive 
composition of green and ripe pods of honey 
mesquite (Prosopis glandulosa, Fabaceae). 
Economic Botany 42 B: 522 -532. 

Hossain, MA, and Jauncey, K (1990) 
Detoxification of lin seed and sesame meal 
and evaluation of their nutritive value in the 
diet of common carp (Cyprinus carpio). Asian 
Fish. Sci. 3 (2): 169-183. 

ICFRE (1994). Vilayati babul (Prosopis 
julifiora). Indian Council for Forestry Research 
and Education (ICFRE), Dehra Dun. p16. 

Imperial Bureau of Animal Nutrition (1936) 
Technical Communication No.6. 

Keenleyside, MHA (1991) Cichlid Fishes: 
Behaviour, Ecology and Evolution. Chapman 
and Hall, New York, USA, p378. 

Lim, C, and Dominy, W (1989) American 
Soybean Association. Utilization of Plant 
Proteins By Warm Water Fish. USDA-ARS, 

Tropical Aquaculture Research Unit. The 
Oceanic Institute, Hawaii. 

Lochmann, R, and Phillips, H (1977) Nutrition 
and Feeding of Baitfish. Cooperative Extension 
Program, University of Arkansasat Pine Bluff, 
USA. 

Lovell, RT (1988) Feed Formulation and 
Processing. In: Nutrition and Feeding of Fish. 
Van Nostrand Reinhold Co., New York, USA. 

Lovell, RT (1989) Fish Nutrition in Aquaculture. 
Van Nostrand Reinhold Co., New York, p260. 

Martin, SC, and Alexander, RR (1974) Prosopis 
juliflora (Sw.) DC. Mesquite. In: Schopmeyer 
CS, tech. coord. Seeds of woody plants in the 
United States. Agric. Handbook. p450. 

Michelson, E (1960) Chemoreception with snail 
(Australorbis oilebratus). Am. 1. Trop. Med. 
Hyg. 9: 280-287. 

Mooney, HA, Simpson, BB, and Solbrig, OT 
(1977) Phenology, morphology, physiology. 
In: Simpson, B.B., ed. Mesquite: Its Biology 
in two Desert Ecosystems. US/ IBP Synthesis 
4. Stroudsburg, PA: Dowden, Hutchinson & 
Ross, Inc, pp26-43. 

Nematipour, GR, Brown, ML, 	and Galtin, DM 
(1992) III. Effects of dietary carbohydrate: 
lipid ratio on growth and body composition of 
hybrid stripped bass. J. World Aquaculture Soc. 
23: 128-132. 

NRC (1993) Nutrient Requirements of Warm 
Water Fishes and Shellfishes. National 
Research Council, (NRC), National Academy 
Press, Washington DC, USA. 

Oduol, PA, Felker, P, Mckinley, CR, and Meier, 
CE (1986) Variation among selected Prosopis 
families for pod sugar and pod protein contents. 
For. Ecol. Manage. 16: 423-43l. 

Osman, MM (1991) Interaction between dietary 
protein and carbohydrate levels in Tilapia 
diets. Zagazig. Vet. Jr . 19: 627-638. 

Palmer, TN, and Ryman, BE (1972) Studies on 
Oral Glucose Intolerance in Fish. 1. Fish Biol. 
4:311-319. 

Riveros, F (1992) The genus 	Prosopis and its 
potential to improve livestock production. 
In: Speedy, AW, and Pugliese, PL (Eds.), 
Legume Trees and other Fodder Trees as 
Protein Sources for Livestock. FAO, Animal 



62 Nutritional Value of(Prosopis Juiiflora)Pods in 

Production and Health Paper. Rome. Italy, 

Sargent, CS (1965) Manual of the of 
North America of Mexico}. 2nd 

Macmillan, New York, USA, p996. 
Shiau, SY, and Chen, MJ (1 Carbohydrate 

Utilization by Tilapia as Influenced by Different 
Chromium Nutr. 123: 1747-1 

Shiau, SY, and Peng, CY (1993) 
effect by carbohydrates in diets for 
(Oreochromis x O. aureus). 
Aquaculture, 117: 327-334. 

Shimeno, Ming, DC, and 
Metabolic to Dietary 
to Lipid in Oreochromis niloticus. 
Nippon Suisan 95 : 

Shukla, Talpada, PM, and Pande, MB 
(1984) Prosopis jUliflora Pods: A Cattle 
Feed Animal Nutrition Department, 
Gujarat Anand, 
Gujrat, India. 

Silbert, MS (1996) A Mesquite Pod Industry 
in Central Mexico: Economic Development 
Alternative. Felker, Peter and James 
Moss (eds).. Semi Fuelwood 
and Building Consensus 

Disenfranchised. workshop. 1 
March, 1996. US National Academy of 

USA. 
Silbert, MS (1988) Mesquite Pod Utilization 

'An 

Alternative in Central Mexico. M.Sc. Thesis, 

Tucson: Univ. Arizona. p ( unpubl). 


Silva, S (1990) Prosopis juliflora (Sw) DC in 
Brazil.. In: Habit, MA, and Saavedra, JC 
(eds.) The State of on 
Prosopisjuliflora. Rome, Italy. pp.29

Simpson, BB (1977) Mesquite, Biology in Two 
Desert Scrub Ecosystems. Dowden,Hutchinson 

Inc. Stroudsburg, 
Skolmen, RG (1990) Prosopis pallida (Humb. 

and Bonpi. Ex. Willd.) H.B.K., Kiawe. In: 
Burns, RM, Honkala BH, (tech. cords.), 
Silvics of North America. Vol. 2, 

USA. 
Statistical Analysis System, SAS (1988). 

SAS/ STAT's Guide 6.03 
Statistical Analysis (SAS). Institute. 

Cary. NC. 

Steel, RGO, and Tonie, (1980) Principles 
Procedures of Statistics: A Biometical 

2nd McGraw Hill, York, 
USA, p633. 

Steffens, W (1989) 
Ellis Horwood Limited 

England. 
Takel, M (1976) Studies on fish 1. 

Bull. Tokaireg. Fish-Res. Lab. 47: 119-1 
Takeuchi, T, Satoh, S, Watnabe, T (1983) 

Requirement of Tilapia for 
fatty acids, Bull. lpn. Soc. Sci. Fish. 49: 977-982. 

Talpada, PM (1985) Study on Prosopis jul~fiora 
and as Cattle Lactating 

Cows. Ph.D. Thesis, Gujarat Agricultural 
University, India. (unpublished). 

Tewari, JC, Harris PJC, Harsh LN, Cadoret K 
and Pasiecznik NM (2000) Managing 
Prosopis luliflora (Vilayati babul). Technical 
Manual. Jodhpur, India HDRA, 

UK. p96. 
Trewavas, E (1983) Tilapiine of the 

Sarotherodon, Oreochromis, Danakilia. 
Comstock Publishing """,V\..cJ"U\..c Ithaca, 
York, USA, 

Vines, RA (1960) Trees, and Woody Vl'nes 
of the Southwest. Austin. University of 
Press. Texas, p 11 04. 

Wilson, RP (1994) Utilization of carbohydrate 
by Aquaculture, 124 (1): 67-80. 

Zor, JH (1984) anal ysis prentice-
Wood N.J. 

Reference No. (2438) 
06/2007 

02/2008 


