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ABSTRACT 

Tbe present InvestJgatJon was carried out for eva/uatlon the effects of fat source 

and levels In lsocaloric-lsonltrogenous diets an growth performance data, physiOlogi
cal response, body compositJon and heaJthJncss of the internal organs and muscles 
of the NJle l1lapJa flngerllngs . The experiment was conducted to determine the opu
mwn fat level In TrJapJa nJloUca diet isocaiortc (3000 Kca1 DE/Kg). Isonltrogenou5 

(32% CP) diets contaJnJng 2 sources {lJsh oJ} and soybean oil) and three different lev

els ofdJetary lJpid (4, 8, )0 & 12%), Nlle WapJs fingerlings (2241n number of average 

body weight 14.23:tO.9JgJ were dMded lnto 7 equal groups and reared" in 14 glass 

aquaria ( 2 replicates for each group) were used in the expertment. DaJly leed allow
ance was calculated according to the biweekly body weight as 3% .of mean body 

weight of each group). The exper1J1Jent was extended for 12 weeks. Fish was weighed 

once every two weeks. Growth performance (body g8ln. feed consumption 8' feed con 

versIon "FeR- were measured. At end of the experfment. 6 fish were obtamed from 

each group for prOXimate chemical 8l1aJyslS of whole body. Also. blood samples were 

coJJected from 6 fish from each group for serUDJ preparatJon for determination oftoiEl 

proteln. albUmln, total lJplds. trfglycerldes total cholesterol. Low density llpoproteln 

(LDL), very Jow density lipoprotein (VLDL) and high density lipoproleins (HDLl were 
also determined. For histopathologJcai examJnaUon. 3 fish were taken from each 

group as random samples for mIcroscopiC examination. 

The results revealed that feeding the diets supplemented wtth SBO to contain 8% 

total lJpid did not Increase body weight (BWI). body weight gain (SWO) or feed conver~ 

sian raUo (FeR) compared to the control groups. IncreBSing the supplemented SBO 

to ralse the tolai dietary lJpid to 10 and 12% s1gruocantJy (p<O.05) lncrease BW, 

EWO, FeR, and protein eifJclency rallo (PER). Feeding the Nile t1Japla OngerJings diets 

supplemented WIth FO to contSin 8, 10 and 12'16 total dietary lJpld s/gnlDcantly 

(p<O.05) increased BW; Bwe. FeR, and PER. On compartng the allover effects of 

SBO or FO supplementalJon on growth performance, Bsh groups supplemented wtth 

FO had slgnJ1Jcantly higher BW (44.36 Vs 41.44 gJ and better FCR (1.46 Vs 1.66) 

than the fish groups fed the SEO supplemented diets. Feeding the oil supplemented 

diets Jncreased the level of fat in the whole body of llsh. Increasing the dietary lipid 
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Jevels increased (p<D. OS) level of fat in the whole body of flsh. Supple.mentlng the fJsh 

diets With SBa or FO slgntDcanUy (p<O.05) Increased the serum levels of the total lip

ids and iotai cholesterol. Also, serum level of HDL Increased as weJJ. In the flsh 

groups fed the oil supplemented dJets to contaln 12% tot.allJpJds, there were some 

pathological changes In the Uver and heart. Therefore, the present results lndlcated 

that all (580 and FOJ supplementatJon of Nile WapJa flngerlJngs slgnd1canUy improve 

body weight gain. feed conversion ratio and protem utJl.Jzallon. However. Increasing 
the dJetary lipId Jevel than 1096 resulted In pathological changes in liver, and heart 
and hurt the health condition and Oesh quality. Furthermore. flsh oil 1s mare pranta
bie than soybean all in maxtmlzlng growth pcriormance. 

INTRODUCTION 

World fis h oU production exceeded 1.36 x 

106 t (FAD. 2002). Some authors reported 
that more than 70 % of the producUon 1s the 

most re11able estimate of 1ts use by the aqua

culture feed industry (Olsen et &1 •• 2(04). 

Unfortunately, fish all Is a generic ward whJch 

mcludes very dillerent types, according to 

speCies, period of the year, latitude of catch. 

and chemical featwes (B1mbo. 1990), and It 

is character12;ed by fluctuating prices. depend

ing on the vartabWty of Ule catch by the fish

ery indUStry. Fish all has been used at higher 

dietary lipid source as a general practice for 

Its protein sparing effect. but the demand for 

6!ih oll by the aquafeed industry has been 

predicted to exceed the avatlable resources 

Within the next decade (Barlow and PIke. 

1999). Therefore, use of cl1fferent kinds of al· 
ternative lipld sources In fish nutrition should 

be Investigated in studies. Alternative olls ob

Viously represent more sustaJ.nable sources in 

most countries. IJm et al. (2008) demon· 
strated that up to 90% of dietary fish oU can 

be replaced by vegetable (palm) olls withou t 
compromiSing growth or feed ut11Jzauon of 

some fish speCies such as Clartaa garlepfnus. 
Partial replacement of fish aU by certaln vege· 

table oUs has proved feasible in several spe-
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cles without affecting growth negauvely (Bell 

et aI •• 2003, Regoot et aI .. 2003). However. 

the effects of vegetable oIls on Upid metabo· 

11sm and health status of fish remain unclear, 

Although lllgh lipid dtets lIDprove growth rate, 

and feed and protein utilization. these may be 

assOC1ated with rancJd.lty and lowered flesh 

qual1ty due to lJpid OXidation (Sca1f'e et aI., 
2000). Also providing fish with adequate ener· 

gy through dietary Uplds can m.J..nimjze the 
use of expensive proteJ.n (Dc Silva et aI. o 

1991). 

The amount of non-proteln energy In the 

d1et Is one of the factors influenclng the quan· 

titaUve dietary protem requirement of a fish 

specJes (Jauncey. 1982). ThJs 1s because part 

of the dietary protem may be utillZed as an 
energy source. 1f the diet Is deficlent in non

protein energy. Sfnce the use of protem for 

energy 1s wasteful from nutritional. economic, 

and ecologtcal polnts of View when compared 

to Upids and carbohydrates, it is worthwh1le 

supplying as much of the required energy as 
possible as Upid and carbohydrate (perea and 
Ol!va·1'dea, 1999). Therefore. the present 
study was carried out in one expertment by 
two fat sources (soybean all and fish all) and 

four levels of total dietary fat to evaluate the 
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effect of levels and sources of dietary fat on 

terms of growth performance (mean weight. 
absolute body galn & spectflc growth rate In 

wet weight), feed efficiency (feed intake, feed 

converSion raUo & protem efficiency ratio). 

and histopathological changes In different 

body organs of NUe tilapla fingerlings (Oreoch
romis nlloUcus). 

MATERIALS.IIND METHODS 

The present study was earned out to evalu

ate the effect of levels (4. 8, 10 & 12 %) and 

sources (soybean aU ·sao" and fish aU "FO') 

of dJetary fat on terms of growth performance 
(mean weight, absolute body gam), feed effi

Ciency (feed lnLake, feed conversion ratio & 

protem efficiency raUo), body composition and 

histopathologtcal changes tn body organs of 

NUe Ulapia fingerllngs (Oreochromts ntJoucus), 

224 NUe Ulapta fingerlings were equally dis

trIbuted mto 7 fish groups which were 

Ezper1mentalllah and dlda: 
224 NUe tilapla fingerlings Oreochrom1s ni

lotlcus (NUe Ulapla) monosex (males) finger

lings obtained from a commercial fish hatch

ery were used in the expertment. The 

expertment was carried out in the Fish Nutri

tional Laboratory. Faculty of Veterinary MecU

cine. Mansoura University. Fisb were received 

and stocked in 14 glass aquaria (SOem length. 

35cm width & 40 cm height). 2 aquarta per 

treatment. Each one was covered by net cover 

to prevent fish escapmg and protect It against 

lnsects. The received fish was kept for two 
weeks before the time of begt.nn1ng the expert

ment to adapt fisb to the expertmental condi

tions and on the formulated cUets. By the end 

of the 3rd week of the adaptaUon pertod. aU 
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fish become completely adapted to the new 

envtronmental condJUons and the ocpertmen

tal cUets. The fish were fed the formulated 150-

nitrogenous (32% C P) & Isoca1orJc (3000 Kcal 

DE / Kg) diets conta1nlng different levels of 

sao or FO (Table 1). All the formulated diets 

were supplemented. wtth vttamin C (100 mg / 

kg) and VItamin E (200 IU I kg). The pellets 

were air drted in wire nets for 3 days (till ob

taIn1ng well drted diets). then were broken 

mto an appropriate size and then stored 111 
paper bags 11\ the refrigerator (at 40C) during 

the time of use. Samples of the experimental 

diets were analyzed for mOisture. crude pro

teLn. ether extract and ash by standard meth

ods according to AOAC (1996). The feedtng 

expertment was ~ended for 12 weeks, Feed 

allowances (on aJr-dry basts) was offered for 

Osh till satiation. Fish was fed tw1ce daily (at 

8:00 am & 5 :00 pm) to mln1m1ze over feeding. 

The calcu1ated feed Intake was weIghed every 

2 weeks. Dechlorinated tap water was used to 
fill the aquarta. Dally cleantng for each aquar

ium was carr1ed out with partial replacement 

of water by previously stored (for 48 rus). The 

complete cleaning of the aquaria was done bt

weekly (of ftsh weighing) dUring the first slx 
weeks of the experiment and then become 

weekly till the end of the experiment to pre

vent rapid pollution of water by the waste 

products and feed resldues. Water tempera

ture was kept between 24 to 270C during the 

experlmental penod. Water pH values were 

recorded day after day by uSing a portable 

pH meter. The values were ranged from 

7.25 to 8,25 dUring the experimental pertod 

in the different aquar1a. At record1ng values 

higher than 8.25 part of the aqUaria water 

(one tl1Jrd) was replaced. Continuous air flow 

was supplied to each aquarium by usmg 
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electric air pumps from two sources for each 
aquarium. 

Growth performance meuuru: 
Mean weight of fish in aquaria. absolute 

growth = (W2·Wl) for 14 days. Feed intake 

was calculated as the total weight of diet of

fered 111 a given period (2 weeks) d1vtded by 
the number of survlval fish. Feed conversion 

ra~o (FeR) = reed Intake (g) I weIght gain (g). 

Chemical compoa1t1on of ",hole body 

compoo1t1on of flah: 

At the end of the expertmental period. ran

dom flsh samples (5 fish / group) were collect

ed. The taken fish samples weTe minced. dried 
at 70e for 72 bra then analyzed for whole 

body chemical composition (OM, CPo EE and 
ash) according to WAC (1996). 

Hiatopatholoatcal enmtngHnn: 

At the end of the exper1ment samples were 
taken for bJstopathologtcal exa.m.lnation, 

Specimens were collected from muscles. gills. 
liver, kJdney, spleen. Ultestine and heart of 6 
fishes from each group (3 fish from each repli

cate) then preserved in 10% formalin saline, 

dehydrated. cleared, blocked In paraffin wax, 

cut into sectJons then stained by hemaloxo

Une and eosin (Carlton. 1967). 

StatlAltical anaIyaIo: 
Data obtalned in the present work were 

statisucally analyzed for analysis of variance 
(ANOVA) and least slgn1ficant difference (LSD) 

as described by Senedecor and Cochran 
(1967). 

DISCUSSion 

Growth performance: 

The growth performance (body weight de-
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velopment & absolute body gain) data of Nlle 

tiJapla fingerlings fed diets contalnlng 8 , 10 & 

12% dietary lipids supplemented from fish 011 

(FO) and soybean all (S80) are presented 1n 

('Tables 2). The growth data showed that add

lng sao to the basal experimental diet (con

trol) to raise dietary fat level of the diet fed to 

the NUe lUapta fish to 8% did not tncrease BW 

or BWG throughout the 12 weeks experimen

tal period. On the other hand, addlng sao to 

matntaJ.n the dietary lipid to 10 and 12% in

creased BW & BWO of NUe t1lapla fingerlings 

(Tables 2). However, there was no slgnl1lcant 

di1Terence 10 the increase 1n BW due to tn

creasing dIetary lipId . Adding FO to the basal 

experimental diets fed to the growing flsh to 

contain 8 & 10 dletary lipids improved BW & 

BWO till the end of the experlment. In spite of 

th1s finding, tncreaslng the dietary ltpld to 
12% of the diet through adding FO achIeved 

further increase in BW & BWG (Tables 2). (t 

had been reported that hJgh dJetary fat (14%) 

had protein sparing effect and tmproved 

growth rate and feed utilization in NUe lfiapla 

flngerUogs fed diets containing 25 or 30% CP 

(Alt, 1991l. Stm1lar results reported by Han et 
al. (2010) In bybrId Ulapta Juveniles. In con

trast, It has been reported lliat NUe tilapla fin

gerlings fed a hJgh fat diet (12% fat) had lower 

final body weIght than fish groups fed on diets 

contaJ.n1ng either 6 or 9% dietary fat (Orma, 

2007). 

The resulls of the present experiment (Ta
ble 2) showed that feeding of NUe Ulapla fin

gerlings the dJets contained different amounts 
of SBO to maintain dJetaIy UpJd at 8 , 10 & 

12% for 12 weeks generally 1.mproved the BW 

and BWO. Similarly, adding of FO to the basal 

control diets max1roJze the BW and eWG. 

Therefore, the present results confirmed that 
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FO J5 more profitable than sao in maximlzing 

growth performance of NUe tUapla fingerlings. 

Bell. et aI. (2004) reported that replacement 

of 1"0 with vegetable ol1s up to 100% 1n sal~ 

mon & trout diets did not markedly 1nfluence 
growth and FeR and that flesh lipid content 

was not unaffected by dletary IIpJd source. 

Thus a diet nch in vegetable ol1s can prov:1de 

the same energy for growth as one composed 

purely of FO. In agreement wtth the present 
results. Cbou &: ShJau (1996) reported that 

weight gain was higher in growing tUapla fish 

fed 10 & 15% lipId dIets, followed by the 5% 

lipid diet. then the 20% lipid diets and was 

lowest in fish fed the lipid-free control diet. 

The authors concluded that the optimal die

tary lJpld for maximal growth in about 12%. 

WJth these flndJng (Han ot oJ •• 2010) found 

that hybrtc1 tilapla fish fed diets supplemented 

With sao and contaln1ng 7.6 and 10.7% tota] 

dJetary UpJd had a slgrullcantly (p<0.05) high· 
er body weight gain than those fed the diets 

contaJn1ng 4.8 & 13.7% Upld. 

Feed consumption of the fish groups fed 

the SSO supplemented diets (8. 10 & 12% fat) 

at the end of the experlmental period (12 
weeks) was nearly the same (Table 2). The slg

nJ.fI.cant differences in feed intake between the 
fish groups during the experlmental per10ds 

maybe due to the activity and d1fferences In 

BW of Ulapia fish. Also. the results showed 

that supplementing the fish diet with Fa to 

maintain 10% dietary lipid decreased the feed 

consumption and lmproved the FeR. General
ly. supplementing the basal diet with FO to 

increase the dietary lipids to 8, 10 or 12% of 
the fish diets markedly improved FeR com

pared to the control diet (6% fat). Chou & 

Shiau (1996) reported that FeR ttIapla were 

better (P<O.05) for the fish groups fed diets 

MIm6oura, VeL Jled.. J. 
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with 10·15% Upld. SJn11.larJy. Han et al. (2010) 

concluded that FeR was better for the fisb 

groups supplemented with fish oil at 5.55 & 

8.5% of the diet. However. 'ndweIl et 81. 

(2007) concluded that there were no signtfl

cant dUferenceB In terms of WO, FeR and sur

V1val percentage between groups of sea bass 

fish fed diets supplemented With oil (at 5% of 

diet) of d1fferent sources lnduded (fish oU. 

com oil. sunflower 011. IJnseed oU & fungal 
011). 

E!fect of rat oource and Ievea on whole 
body compoaltlon: 

The results revealed that there was some 

effects for feeding the Isocalonc (3000 Kca1 

DE/Kg) dJet containing different levels of fat 

(6. 8, 10, & 12%) on dry matter percentages. 
The lowest value (25,85%) was reported to the 

Bsh group fed the dJet conta1n1ng 8% SeD. 

while the highest value (27.36%) was for the 

fish group fed the 8% FO compared to the 

control group. Data for crude protein content 

show some increase in the fish groups fed the 

diets supplemented with FO compared with 

the control Bsh (18,43 vs. 17.51). Llkewtse. 

there were no marked dJfferences in the ash 

content OppOSitely, feeding the fish groups 

the sao conta1nlng diets (8. 10. & 12% fat) 

significantly lncreased the percentage of fat 

content. Nevertheless. this finding dJd not oc

cur in the fish groups fed the FO c:onta1.n1ng 
dIets (Table 3). The exiSting results lnd1cated 

that no dcf1n1te relationship between dietary 
fat & whole body protein, & ash content. 

These outcomes are in agreement wtth that of 
Orma (2007). However, Han ot oJ. (2010) reo 

ported that increaslng dietary lJpJd levels sig
nUlcanUy (P<O.05) tncreased the Upld content 

of whole body. However. body moisture. ash 
and crude protem contents were not slgntf1-
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canUy affected by dJetary lipid levels. 

Meet of feedlng NUe tUapla IIngerllngo 
SBO 6:: YO at d1fI'erent Jevela on ae:rum me
taboI1tee: 

FeedJ.ng the growing NUe Wapla fish cUets 

conta1nJng hlgh levels of dJetary fa' (10 & 

12%) through adding SBO Leads to slgnlllcant 

(P<O.5) Increase tIl the levels of serum total 

proteln and globulin compared to the fish 

groups fed the basal control diet (contained 

6% fat) or the group fed the dJet supplement

ed with SSO to ralse dIetary Cat to 8% (Table 

4). However, statistical analysiS of the data 

showed that feeding the sao supplemented 

diets did not affect the serum concentration of 
albumtn. 

The present results showed that fish fed 

the FO supplemented diets (8, 10, & 12 d1e

tary fat) has stgnificant (P < 0.05) higher lev

els of serum total protem (Table 5). Also, the 

result revealed that alhUJll1n /globulin ratio 

(A/G) were mostly slgnillcant (p<O.05) lower 

1n the fish groups fed the SBO or FO supple

mented diets (except the fish group fed the 10 

% FO diet) compared with the fish group fed 

the basal control diet. The lower values of AI 
G raHo reported in the present study for the 

fish groups fed the seD & FO supplemented 

diet indicated that the oU supplementation 

lDlproves the tmmune status of fish as serum 

Globulln levels represent the spectftc 1mmune 

fraction. Comparable values of serum coneen· 

tratlon of total protem Albumln & globulin 

were reported for Nile tilapla fIngerl1ngs fed 

dJel conlatned 32% CP & 3000 Kcal DEI Kg 
and 6% fat, (Qrma. 2007). Serum blochemi· 

cal studies of healthy fish fed basal recom· 

mended diets are relatively scarce and makes 

interpretation of fish serum blochemlcal pa-
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rameters Is very dlIDcult. Serum concentra

tion of total lipids, biglycertdes, total choleste

rol, HOL, LDL and VLDL of Nile Ulapta finger

lings feed dtets conta1n1ng different levels of 

dietary fat supplemented from SBO or FO are 

dIsplayed In (Table 5). The results showed 

that feeding the oU supplemented diets Signifi

cantly (P<0.05) increased the concentration of 

serum total Uplds. The highest values were re

ported for the fish groups fed the 12% lipid 

contaJnl.ng c!Jets eUher supplied from SBO or 

FO. 

The results showed also that there were 

correspond1ng increase in the levels of serum 

tnglycerJdes to the increase 1n levels of serum 

total llplds and the highest concentrations 

was reported for the fish groups fed the diet 

conta1nJng 12% dJetary Upld. Similarly. feed· 

ing the hlgh·FO-diet tncreased the level of ser· 

um cholesterol compared to the contro) group. 

But it Is of worth to observe that supplement· 

lng the d.1et wtth SSO to contain 8 or 10% die

tary l1ptd dtd not increase the serum c.holeste

rolievel (Table 4). 

HlIotopathologlcal IIDdlngo due to the 
hICb fat (8BO & lO) dleta: 

MicroscopiC examinatlon of the prepared 

spec1mens of k.1d.ney, spleen, and Intestine of 

the fish groups fed the expertmental dIets for 

12 weeks showed no histopathologtcal chang

es and liver sample showed apparently nor

mal histopathological structure (Fig. I). The 

Uver samples from the fish groups fed the diet 

conta1ning 10% dietary fat (supplemented 

with SaO) (Fig. 2) showed moderate fatty 

changes less than those observed in the fish 

groups fed 12% conta1n1ng diets either sup

plemented with seo or FO. Also, Uver showed 

an increased amount of adipose tissue sur-
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roundlng the portal area & fat cells rupture 

fornUng fat cyst in the fish group fed 12% die· 

tary fat from FO (Fig. 4). Furthermore, liver 
confirmed that feeding the diet supplemented 
wllh FO to contain 12% fat caused severe fat

ty change represented by clear vacuoles re
placing the hepatic cytoplasm & pushing the 

nucleus to one stde (Fig. 4). With this concept, 

heart of the fish from the group fed 12% fat

dJet suppUed from SBO showing increase In

termuscu1ar adipose tissue besides hyalJne 

degeneration of some cardiac muscles (Fig. 3). 
(PIper ot aI •• 1982) reported that high levels 

of dietary fat & to lesser degree excess protem 

& carbohydrates caused fatty 1nftltration in 

fish Uver. 

In agreement with the perviOUS results, 

RoDald ot aI. (2004) IndJcated that high fat 

(10 & 14%) & high protein (35. 40. & 45%) 

dJets Jnduced severe fatty change In the 
liver of NUe tilapla fingerUngs and severity 
of fatty lnfl.1traUon declmed with lowering 

_lUll. Ve~ Jled. J. 
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dietary fat & protein levels. Palliologtcal 

cbanges In liver & heart due to feedtog Nile u
lapla fingerlings htgh fat diets (9 & 12%) had 

been reported (Orma. 2007) and the severtty 

of pathological changes were less in the fish 

fed 9% fat-dIet. The present results indicate 

that increasing the dietary fat level in the 

dJet of Nile tilapta fingerlings than 10% re

sulted in pathologtcal changes in the ltver & 

heart. and may hurt the health condition and 

flesh quallty. In agreement wtth the present 
findings. it has been concluded that the inclu

sIon of excesstve dietary Uplds may have un

deSirable effects upon growth and body com
posltlon (R!clLe. 2008 and Borges et al., 
2009). Therefore. an appropriate dietary Upld 
level IS crWcal for maxtmal growth & flesh 

quality of Nile tilapla Based upon the present 

findtngs. 1t could be concluded that for NIle ti

lapia fingerlings opUmal d1etary level of sup
plemental soybean aU or fish ollIS to compete 

the total dietary lipid to 10% ror maximal 

growth. 
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Table 1. Ingredients percentages of the experimental isocaioric, isonitrogenous diets 
containing different levels of fat 

Dietary treatments 

Dietary fat % 6 8 10 

Ingredients 

Ingredient 
Fish meal 20 20.3 20.7 

Com, yellow 14 12 9.9 

Soybean meal 10.5 10 10 

Wheat bran 24 24.2 18 

Com gluten 12 12 12 

Rice bran 15 10 9.5 

Soybean or fisb oil . 2 4 

Berseem H meal 1.5 6.5 13 

Sodium chloride 0.5 0.5 0.5 

Min. & "it. premix·· 0.3 0.3 0.3 

Gelatin 1.0 1.0 1.0 

Antitoxin 0.2 0.2 0.2 

Dicalcium phosphate . 0.45 0.65 

Lime Slone 0.9 0.4 0.1 

Methionine 0.2 0.2 02 

Crude protein % 32.11 32. 11 32.11 

DE (Kealt k.g)- 3003 3006 3000 

EE% 5.79 7.86 9.83 

Crude fibers 4.21 4.21 4.21 

Calcium% 0.90 0.92 0.95 

Phospborw% 0.65 0.6 1 0 .59 

-DE (kcallkg) values are calculated from the feed composition tables. nutrient requirement of fisb 
(NRC 1993) 
·-calculated values 

12 

21 

12.2 

18 

4 

7.3 

10.3 

6 

17 

0.5 

0.3 

1.0 

0.2 

1.0 

. 

0.2 

32.11 

3005 

11.69 

4.21 

0.94 

0.60 

··Trace atinerals &. vitamins premixes were prepared to cover the levels of the rnicrominerals & 
vitamins for tilapia fish as recommended by the NRC (1993). Vitamins premix (TO or mglkg diet); 
vilA 15000, VitO) 3000, vilE 20, vit.k3 2,vit.BI 2) vit.B2 5. vit.B6 1.5,V1T.BI2 0.02, 
Pantothenic acid 10, folic acid I, biotin 0.15, niacid 30. Mineral mbtture(mgfkg diet); Fe 40, Mn 
80, Cu 4, Zn 50, 1 0.5, Co 0,2& Sc 0.2. 
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na (1): The liver showed apparently normal hIstological structure. H&E., x 40. 
nc (2): The UVel" of Ulapla (Gp 3) showed moderate increase in fat content (fatty changes) less 

than those observed in gp 7 and 4. H&E., x20. 

na (3): Heart of Osh group 4 showtng lncrease intramuscular adJpose tissue besides hyaline de

generation of some cardiac muscles. H&E .• x20. 

nc (4): Ltver tGp: 7) showtng severe fatty changes represented by clear vacuoles replacing the he

patic cytoplasm and pushing the nucleus to one side. 
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