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ABSTRACT 

 

 The present experiment was conducted to de-

termine the optimal source and level of phospho-

rus supplementation in commercial feeds with the 

highest growth rate and the lowest releasing in 

environmental and protect water quality of Nile 

Juveniles tilapia (Oreochromis niloticus). Fish were 

divided into twelve groups (groups) each group 

was stocked into two aquaria each contains 10 

fish. 

 Fish were fed diet contained different levels of 

phosphorus (0.005, 0.007, 0.009 and 0.011%Kg 

diet phosphorus) from   three different sources of 

phosphorus (mono calcium phosphate, mono po-

tassium phosphate and mono sodium phosphate) 

for a period of 12 weeks. Results showed that av-

erage daily gain, specific growth rate, protein effi-

ciency ratio and feed conversation ratio were sig-

nificantly improved at (p) 1.1% dietary phosphorus 

level with mono sodium phosphate as the source 

of phosphorus, mono calcium phosphate repre-

sented the highest significant (P<0.05) value of 

growth and blood parameters (Packed cell volume 

(PCV), Hemoglobein(Hb) ,red blood cell(RBC) and 

white blood cell(WBC) in Oreochromis niloticus . 

 Concerning levels of phosphorus the result 

clearly indicated that the 0.9% phosphorus level 

recorded the significant (P<0.05) highest growth 

and blood parameters in Oreochromis niloticus. 

Body composition analysis showed that the whole 

body protein and ash content were increased line-

arly but lipid was decreased (P<0.05) with increas-

ing dietary of phosphorus. 

Keywords: Phosphorus requirement, Growth 

Rate, Blood Parameters, Nile Tilapia (Oreochromis 

niloticus) 

 

INTRODUCTION 

 

 Phosphorus is one of the most important min-

erals for fish, it is essential for normal growth and 

bone mineralization, and plays an important role in 

the metabolism of carbohydrate, lipid and amino 

acids, as well as various metabolic processes in-

volving buffering in body fluids (Watanabe et al 

1988). The optimal amount of phosphorus supple-

mentation in commercial feed is not only important 

economically, but also for environmental reasons 

to minimize its faecal and urinary discharge into 

natural waters (Bureau and Cho 1999). 

 Phosphorus is an essential element for both 

plant growth and animal performance. In the soil, 

phosphorus exists in different forms, associated 

with soil particles; in mineral form mostly as Fe-Al 

oxides or Calcium carbonates; incorporated in or-

ganic matter; and to a much lesser extent in solu-

ble form dissolved in the soil solution. Phosphorus 

absorption capacity is the process in which soluble 

phosphorus is substituted for less soluble forms by 

reacting with inorganic or organic compounds of 

the soil so that it becomes immobilized. Phospho-

rus can move into surface waters and cause water 

quality problems such as eutrophication. In surface 

waters, phosphorus is often found to be the growth 

limiting nutrient. If excessive amounts of phospho-

rus and nitrogen enter the water, algae and aquatic 

plants can grow in large quantities. Cycles of algal 
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blooms and periods of low dissolved oxygen con-

centrations can lead to fish kills (European Com-

mission, DG Environment, 2005).  

 Phosphorus is an important constituent of nu-

cleic acids and cell membranes, and is directly 

involved in all energy- producing cellular reactions. 

The role of phosphorus in carbohydrate, lipid, and 

amino acid metabolism, as well as in various met-

abolic processes involving buffers in body fluids, is 

also well established. 

 The aim of this study is estimating the optimum 

source and level for enhancing the growth perfor-

mance ,body composition and blood parameters of 

Tilapia  Juvenile (Orechromis niloticus). 

 

MATERIALS AND METHODS 

 

 The experiment was carried out at Regional 

Centre for Food and Feed, Minister of Agriculture, 

Egypt for a period of 3 months using Nile tilapia 

Juveniles (Oreochromis niloticus, 25 g average 

body weight).The experimental system was a  

separator system (open system), consisting of 24 

fiber glass aquarium of 60 liter each (60 x 40 x 25 

cm as length, width, depth). Each aquarium con-

tained 10 Nile tilapia fish Juveniles (Oreochromis 

niloticus) of 25 g average body weight. 

 Twelve experimental diets belonging to three 

sources with four levels of phosphorus. Fish were 

divided into twelve groups each group was stocked 

into two aquaria(Triplicate) and each contains 10 

fish, the diet contained 30% protein and 3848 kcal 

energy/digestible energy. Fish were fed at 3% of 

live body weight feeding level for 12 weeks at the 

end of the experimental period all fish in each 

aquarium were killed .Chemical analysis of the 

experimental diets were carried out according to 

AOAC (2000) . Fish were fed 0.005, 0.007, 0.009, 

0.011%Kg phosphorusdiets from three different 

sources (Mono basic potassium phosphate 

(KH2Po4), mono sodium phosphate 

(NaH2Po4.2H2O), mono calcium phosphate (ca 

(H2Po4)2).Formulation and chemical composition 

of the experimental diets are shown in Table (1). 

 

Table 1. Formulation and chemical composition of the experimental diets (gm\1000gm diet) 
 

Ingredients Mono basic potassium  

phosphate (KH2Po4) 

mono  sodium 

 phosphate NaH2Po4.2H2O 

mono calcium  

phosphate (ca(H2Po4)2)  

Casein 250 250 250 250 250 250 250 250 250 250 250 250 

Gelatin 60 60 60 60 60 60 60 60 60 60 60 60 

Dextrin  353 343 331.8 316.3 352.5 341.1 329.6 318.12 354.3 344.1 334 323.8 

CM cellulose 50 50 50 50 50 50 50 50 50 50 50 50 

Sodium algainnate 200 200 200 200 200 200 200 200 200 200 200 200 

Vit max 20 20 20 20 20 20 20 20 20 20 20 20 

Choline chloride 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

Oil 35 35 35 35 35 35 35 35 35 35 35 35 

Sodium chloride 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

Fe citrate 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Ca lactate 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 

Trace element  0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

Magnesium sulphate 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

The source of ( p) 15 25 36.2 52.11 15.5 27.3 38.4 50 13.7 23.9 34 44.6 

P(%) 0.5 0.7 0.9 1.1 0.5 0.7 0.9 1.1 0.5 0.7 0.9 1.1 

Chemical composition (D.M) 

Dry matter (DM %) 89.90 90.00 89.80 89.91 89.95 90.20 89.99 89.90 89.80 89.88 89.90 90.0 

Organic matter (OM %) 80.80 80.6 79.6 79.71 81.45 80.40 79.09 79.40 80.60 80.78 80.30 80.30 

Crud protein (CP %) 30.00 30.10 30.00 29.90 29.80 30.00 29.90 29.90 30.00 29.80 29.80 30.00 

Ether extract (EE %) 3.49 3.56 3.37 3.36 3.89 3.78 3.56 4.01 4.10 3.76 3.87 3.76 

Crud fiber (CF%) 3.10 3.4 4.14 4.03 3.63 3.66 3.51 3.46 2.88 3.44 3.56 3.86 

Ash % 9.10 9.40 10.30 10.20 8.50 9.80 10.90 10.50 9.30 9.10 9.60 9.70 
1
Nitrogen free extract  

(NFE) %1 
44.21 43.54 42.09 42.42 44.13 42.96 42.12 42.03 43.62 43.78 43.07 42.68 

2
Digestible energy% Kcal/ 

100gm diet% 
269.83 269.62 264.31 264.58 272.27 269.94 265.78 269.65 273.94 270.4 269.97 269.2 

1 NFE = 100- (Moisture + Crude protein + Ether extract + Ash + crude Fiber). , 2 Digestible energy, based on 5.0 Kcal/g protein, 9.0 

Kcal/g lipid, and 2.0 Kcal/g carbohydrate (Wee and Shu, 1989) 
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 At the end of the experimental period 

(3months) 5 fish were randomly taken from each 

experimental group for blood analysis. Blood sam-

ples from each fish of the different groups were 

collected by suction of the caudal peduncle. Whole 

blood samples were collected in small plastic vials 

containing heparin for determination of hemoglobin 

(Hb), packed cell volume (PCV), white blood cells 

(WBC) and red blood cell (RBC).The hemoglobin 

concentration was determined by using commer-

cial kits (Elnasr Pharmaceutical Chemicals Co. 

Egypt) and the packed cell volume (PCV) was 

measured according to Stoskop (1993), The total 

counts of (RBC) and (WBC) were determined 

manually with a Neubauer Counting Chamber after 

the blood was diluted with Daice diluting Fluid So-

lution. 

 

Statistical analysis 

 

 Statistical analysis was applied according to 

Steel and Torrie (1990) on the collected data us-

ing a SAS program (1998).Differences between 

means were tested for significance according to 

Duncan's Multiple Rang Test (Duncan, 1955). 

 
RESULTS AND DISCUSSION 

 
1- Growth performance 

 
 The results of Table (2) showed that mono 

sodium phosphate at 1.1% level represented the 

highest significant (P<0.05) value of feed intake 

(FI), weight gain (WG), average daily weight gain 

(ADWG), specific growth rate (SGR) and protein 

efficiency ratio (PER). With regard to sources of 

phosphorus the result (Table 2) exhibited that the 

highest significant (P<0.05) feed intake (FI), weight 

gain (WG), average daily gain (ADG), specific 

growth rate (SGR) and protein efficiency ratio 

(PER) was observed in mono calcium phosphate. 

Concerning levels of phosphorus the result clearly 

indicated that the 0.9% phosphorus level recorded 

the significant (P<0.05) highest feed intake (FI), 

weight gain (WG), average daily gain (ADG),  

specific growth rate (SGR) and protein efficiency 

ratio (PER). The significant (P<0.05) best value of 

feed conversion ratio (FCR) was noticed for mono 

sodium phosphate at 1.1% level (2.34) and the 

significant (P<0.05) worst feed conversion ratio 

(3.63) was recorded for mono potassium phos-

phate at 1.1% level. With regard to the effect of 

source regardless level of phosphorus results 

showed that the significant (P<0.05) best (FCR) 

value was noticed for mono calcium phosphate 

(2.54) and the worst value was observed for mono 

potassium phosphate (2.81). Concerning the effect 

of level regardless source of phosphorus the best 

significant (P<0.05) feed conversion ratio was ob-

served with 0.9% level (2.39) whereas the signifi-

cant (P<0.05) worst one (2.97) was noticed with 

1.1% level. 

 The present results show that mono sodium 

phosphate at the level of 1.1%phosphorus signifi-

cantly enhanced specific growth rate of Oreo-

chromis niloticus fingerling compared with the oth-

er sources and levels of phosphorus. Lall S.P. 

(1991) reported that decrease dietary phosphorus 

under the minimum requirement level caused neg-

ative phosphorus balance and result of growth 

retardation and consequent economic losses, ad-

justed phosphorus balance will depend on dietary 

phosphorus supply, on its bioavailability in the dif-

ferent feedstuffs, and on the absorption rate. Ef-

fects of dietary phosphorus level on growth per-

formance were reported in many fish species. Im-

proved growth was observed in common carp 

(Hepher et al 1989)  juvenile haddock (Roy K. et 

al 2003), juvenile silver perch (Yang et al 2006), 

and juvenile black sea bream (Hepher et al 1984). 

Nwanna, L.C. et al (2008) reported that the weight 

gain and specific growth rate (SGR) were in-

creased steadily with increasing dietary phospho-

rus levels. Nordrum et al (1997) reported that the 

availability of phosphorus from added inorganic 

phosphorus-salts to fish is higher than from natural 

sources such as fishmeal and fish bone meal, de-

pending on the solubility of the phosphorus-salt. 

The difference is probably due to fish species, form 

of phosphorus particularly relating to solubility, fish 

size, type of diet and culture system. 
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2. Chemical composition of Oreochromis nilot-

icus 

 

 The data of Table (3) showed that the signifi-

cant (P<0.05) highest body protein content 

(58.43%) was recorded for mono calcium phos-

phate at 0.9% phosphorus level whereas the low-

est one (44.53%) was detected for mono potassi-

um phosphate at 0.5%   phosphorus level. The 

highest significant (P<0.05) body lipid content 

(1.81%) was recorded for mono sodium phosphate 

at 0.5% phosphorus level whereas the lowest one 

(1.37%) was detected for monosodium phosphate 

at 0.9% phosphorus level .higher body ash content 

(27.0%) was recorded for mono sodium phosphate 

at1.1%phosphorus level .whereas lower one 

(19.9%) was detected for mono calcium phosphate 

at 0.5% phosphorus level. 

 Concerning the effect of phosphorus source the 

results showed that the significant (P<0.05) highest 

whole body protein content(52.88%) was recorded 

for mono calcium phosphate as sources of phos-

phorus while the lowest one (46.20%) was detect-

ed for mono potassium phosphate. and the signifi-

cant (P<0.05) highest whole body lipid content 

(1.61%) was recorded for mono potassium phos-

phate as  a source of phosphorus, and the signifi-

cant (P<0.05) lowest one (1.57%) was detected for 

mono calcium phosphate, and the significant 

(P<0.05) highest whole body ash content (23.25%) 

was recorded for mono calcium phosphate as a 

source of phosphorus while the significant 

(P<0.05) lowest one (21.36%) was detected for 

mono potassium phosphate. With regard to the 

effect of phosphorus level the highest significant 

(P<0.05) body protein content (51.81%) was rec-

orded for 0.9 % phosphorus level whereas the sig-

nificant (P<0.05) lowest one (45.73%) was detect-

ed for 0.5 % phosphorus level and the highest sig-

nificant (P<0.05) body lipid content (1.74%) was 

recorded for 1.1% phosphorus level whereas the 

lowest one (1.43%) was detected for 0.9 % phos-

phorus level. The results clearly showed that as 

the level of phosphorus was increased, the body 

ash content of fish increased. 

 The highest body ash content (24.93%) was 

recorded for the 1.1 % phosphorus level whereas 

the significant (P<0.05) lowest one (20.27%) was 

detected for 0.5% phosphorus level. 

 Ogino et al (1979) and Robinson et al (1987).  

Showed that, the increasing of phosphorus content 

in the diet significantly altered the chemical com-

position content of protein and ash in carp, rainbow 

trout, and Nile tilapia. Bone ash content is consid-

ered to be the most sensitive criterion for evaluat-

ing dietary phosphorus utilization. Skonberg et al 

(1997); Hardy et al (1991) and Skonberg et al 

(1997) showed that the carcass ash and carcass 

phosphorus have been generally used as indica-

tors of dietary phosphorus position in fish nutrition 

researches because the role of phosphorus in the 

bone structure. Vielma et al (2002) showed that 

excess lipid accumulation due to phosphorus defi-

ciency has been linked to changes in intermediate 

metabolism rather than in feed intake .Also Roy 

and Lall (2003) reported that insufficient phos-

phate might have inhibited esterification of the free 

fatty acid with extra-mitochondrial CoA to yield fatty 

acyl-CoA resulting in a lower utilization of lipid as 

an energy source. In addition the fat increasing of 

fish suffer from low (0.5%) diet phosphorus(table3) 

may be attributed to the inhibition of B-oxidation of 

fatty acids resulting in a decrease utilization of li-

pids as energy source and used the protein as the 

source of energy. The present results of fish lipid 

carcass content are in good agreement with those 

of   Oliva-Teles  and pimentet-rodrigues (2004 ), 

Zhang, et al (2006) who reported that the lipid 

content was decreased linearly with increasing 

dietary phosphorus. 

 

3. Effect of treatments on some blood parame-

ters 

 

 It is of interest to notice (Table 4) that mono 

sodium phosphate at 1.1% level recorded signifi-

cant (P<0.05) highest value of packed cell volume 

PCV (32.05%), hemoglobin Hb (8.93mg/dl), red 

blood cell  RBC (2.42 10
6
/μL )and white blood cell 

WBC (68544 μL). 

 The same treatment (mono sodium phosphate) 

showed at 0.5% level significant lowest values of 

PCV (28.500%), Hb (7.3mg/dl), RBC (2.02 10
6
/μL) 

and WBC (36586μL). 

 With regard to the effect of phosphorus source 

the results mono calcium phosphate recorded the 

significant (P<0.05) highest value of PCV 

(30.82%), Hb (8.44mg/dl), WBC (61980/μL) and 

nonsignificant (P>0.05) highest value RBC (2.25 

10
6
/μL). However, mono potassium phosphate 

showed the corresponding lowest values (29.56%, 

8.25 mg/dl, 47403.25 /μL and 2.2110
6
/μL). 

 The present results of blood parameters are in 

good agreement with those of Chen et al (2003) 

who shown that deficient phosphorus in diets 

cause reduction  in haemoglobin content and red 

blood cell.  
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Hematological and serological parameters are 

useful in monitoring the physiological status of fish 

and as indicators of the health of the aquatic envi-

ronment, although they are not routinely used in 

fish disease diagnosis El-Sayed (1999).Terry et al 

(2000) reported that although tilapia is the second 

most frequently cultured fish in the world, there are 

a few reported of normal blood values. Adamu 

and Audu (2008) reported that decrease in (PCV) 

is attributed to gill damage or impaired osmoregu-

lation causing anaemia and haemodilution. 

 Phosphorus and other minerals (Na,Ca,K) in 

blood were perferring to estimate with blood pa-

rameters  

 

CONCLUSION 

 

 In conclusion, the present study showed the 

mono calcium phosphate represented the highest 

significant (P<0.05) value of growth and blood pa-

rameters in Tilapia fish (Oreochromis niloticus). 

Concerning levels of phosphorus the result clearly 

indicated that the 0.9% phosphorus level recorded 

the significant (P<0.05) highest growth and blood 

parameters in Oreochromis niloticus. 
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 زــــــــــــــــالموجـ
  

اجريتتت ىتتذه الدراستتو لتقديرمصتتدر عنصتتر ال وستت ور   
متتت تقتتدير اعمتتى معتتدلات والمستتتوا الام تتل فتتى الاغذيتتو 

نمتو واقتل تحترر لعنصتر ال وست ور فتى البيئتو متت حمايتو 
جوده المياه لاسماك البمطتى النيمتى .فتتم تقستيم الاستماك 

كتتتتل مجموعتتتتو و  )معتتتتاملات  التتتتى ا نتتتتى عشتتتتر مجموعتتتتو
وضتتتعت فتتتى حوضتتتين وكتتتل حتتتو  بتتتو عشتتتر ستتتمكات 

عمتتى تركيتتزات  حيتتث تتتم ت ذيتتا الاستتماك اشتتير 3لمتتده 
 %, 0.007 %,0.005) مختم و من عنصر ال وس ور

 % كجم /عميقو  من  لات مصادر0.011 %,0.009
)كالستتيوم  احتتادا ال وستت ات, البوتاستتيوم احتتادا   مختم تتو

ال وستتتتتتتت ات والصتتتتتتتتوديوم احتتتتتتتتادا فوستتتتتتتت ات . ا يتتتتتتتترت 

النتتتائا ان كتتلا متتن العائتتد اليتتومى ومعتتدل النمتتو النتتوعى 
متتتتتن البتتتتتروتين ومعتتتتتاملات التحويتتتتتل ومعامتتتتتل الاستتتتتت اده 

ستتتخدام الكالستتيوم احتتادا  إبقتتد تحستتنت معنويتتا  ال تتذائى 
ال وس ات  كمصدر من مصادر ال وست ور وان المستتوا 

% فوستتتتتت ور وان 0.9الام تتتتتتل فتتتتتتى الت ذيتتتتتتو ىتتتتتتو نستتتتتتبو 
%  ىتتتتو افضتتتتل فتتتتى 1.1الصتتتتوديوم احتتتتادا  فوستتتت ات 

مجستم وان التحميل الكيميائى ل الت ذيو عند ىذا المستوا.
اوضتتتن ان محتتتتوا الجستتتم متتتن البتتتروتين والرمتتتاد يتزايتتتد 
بتزايد الت ذيو عمى عنصر ال وس ور ولكن دىتون الجستم 

 بزياده الت ذيو اليوميو لم وس ور. تخ ضقد ان
 

 ,معدل النمو, احتياجات ال وس ور الكممات الداله:
 لبمطى النيمىا, مقاييس الدم

 
  
 

 
 
 


