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Abstract

The juveniles of Nile tilapia, Oreochromigoticus (body weight 10+0.03 g) were reared in seawater tanksli{gss

each) in order to examine their optimum dietary proteguirementsThey were fed four isoenergetic (20.3 R)gliets
containing 25%, 30%, 35% and 40% protairadaily ration of 5% body weight fot2 days. Fish fed diets of 35% and 40%
protein produced higher weight gain and growth rate than thdke other diets. Broken line regression analysis yiehie
optimal protein level of 35%. Feed conversion and prot#iciency were significantly higher at 35% and 40% protein
diets than remaining diets. Fish whole body compositimwsd that moisture, protein and ash cohté the fish fed diets

of 35% and 40% protein was significantly higher than thaistf fed diets containing protein levels of 25% and 30%
although the lipid contents were lower. Fish fed 35% and p@s8tein diets showed higher nitrogen gain and nitrogen
retention efficiency than those feah other diets. Based on the biological data, it wasnegéd that the optimal level of

protein for_Q niloticusweighing between 1.0 g and 5.7 g was 35%.
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Introduction

Tilapia (Oreochromisspp) are known as commercially important food fishesaffwaculture throughout several
regions of the world such as China, South-east AsiacaAflJSA and Latin America/Caribbean (Lim and Webste®620
Chowdhury, 2011). According to FAO (2012), global tilapia productigdrich totaled less than 500,000 metric tons in the
early 1990s, topped 3.5 million metric tons in 2011. In 2012 ieas®d up to 2.7 percent. Further increase was recorded as
3.4 percent in 2013 and this year it is expected to approachdaBa® million tons.

In Pakistan, tilapia is highly prized for its good qualityameAlthough there is a considerable commercial fishe
(Anon, 2012), the demand has increased to such an exterihéhatis now interest in the culture of Nile tilapigis
suitable for aquaculture because of its hardiness, rapid groegdlstance against stress and diseases, short gamerati
interval and low supplementary feed requirement (El-Sayed, 1B98}dition, It is an omnivorous fish that can use high
proportion of inexpensive plant sources in their feedsidstavell in wide range of environmental conditions like
temperature, salinity, low dissolve oxygen (Asche e8D8; Chowdhury, 2011). Some work has been done on the culture
of some species of tilapia but data are scarce (Jamil, #004). Aquaculture of Nile tilapia would require the fatation

of efficient food with optimum potency to meet the pnotedquirements during grow-out period (Kenawy, 1993).
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Protein is considered as the main constituent of 8telfody thus sufficient dietary supply is needed for optimum
growth. Since protein is the most expensive componetieddiet, therefore, the amount of protein in the dietikhbe just
enough for fish growth where the excess protein indists may be wasteful and cause diets to be unnecessangieepe
(Ahmad, 2004). Thus, reducing feeding costs could be a key factuccessful development of aquaculture.

Information on the nutritional requirements of Nileafia is available to some extent. Dietary protein requént
has been stated to be between 32 to 50% for juvenile tdapidor larger tilapia 25 to 30% (Nguyen et al., 20B8Sady
and Gaber., 2005; Aéital., 2008; Abdel-Tawab et al., 2010). The optimum dietgig iequirement for tilapia is 5 to 12%
(Lim et al., 2011), and Han et al. (2010) found significantlyebejrowth by increasing dietary lipid from 55 to 85 g per kg
diet. According to Lim et al. (2011) tilapia requires linolémn-6) series fatty acids (18:2n-6 or 20:4n-6) and it can enhance
the growth better than the n-3 series (18:3n-3, 20:5n21®n-3). However, these studies did not reveal the changes
liver lipid and hepatosomatic index of the fish whenatigprotein level is increased as somatic growtbngllly correlates
with hepatosomatic index (Dos Santos et al., 1993; JolIBRE; Lie et al., 1988; Abbas and Siddi2609, 2013).

The present study describes the optimal level of digtangin to achieve good growth of Oreochromnilsticusfed

the diets containing protein of 25%, 30%, 35% and 40%, keepivigwnthat the optimum protein level for cultured fish
would help in reducing the cost and maximize the feed ceioreefficiency (Charles et al., 1984; Sampath, 1984; €hiu
al., 1987; Chen et al., 19p4
Materials and Methods
Experimental diet

Four isoenergetic (20.2 kJ'gligestible energy) diets were formulated on dry matasisb(g 100) in one batch to
supply calculated protein levels of 25%, 308%% and 40% with fishmeal providing the majority of dietargtein (Table
). A mixture of minerals and vitamins were added to tiggedients (rice bran, wheat bran, mustered oil cake aedtwh
flour) of diets. All these ingredients were purchased froenlbcal markets and were ground to 500um and mechanically
mixed forl5 min to ensure homogeneity. Fish oil was addedtiaen mixed again for 15 miWater (250 mL kg dry
ingredients mixture) was added and mixed for another 15 rsinoitattain a consistency appropriate for pelleting. The wet
mash was pelleted with a California Laboratory PelM&l (model CL-type 3, California pellet Mill Company, San
Francisco, CA, USA.) using a 2-mm die. No heating arste/as used in the pelleting process and the wet peketsair-
dried at room temperature for 20 hours. The experimental feemsthen stored aR0°C for feeding trials.
Experimental design

Juveniles of Nile tilapia, Oreochromidloticus (mean weight 1+0.03g and mean length 3.8+0.02 cm) collected from

Government Fish Hatchery, Chilya, Thatta, Sindh werd helseawater for fifteen days before starting the exjart.
After the acclimatization phase, fish were randomlyritisted in twelve plastic experimental indoor tanks (10 fish p
tank). The water carying capacity of each tank was 8EslitOxygenation was provided by aerators throughout the entir
experiment which lasted 42 days {2June 2011 to'"8August 2011). Fish were subjected to a natural photoperibelan
tanks had similar light conditions. Physico-chemicalapeeters i-e., temperature, salinity, pH, ammonia ansblsid
oxygen were monitored daily.
Feeding protocol

Experimental diets containing 25%, 30% and 35% protein concentraére tested to find out the optimum protein
level of Nile Tilapia (O niloticug. During this experiment, each diet was supplied to tripliat&s in three equal meals
per day at 9:00, 13:00 and 17:00 hours. Fish were hand-fed orrataly of 5% wet body weight per day for 42 dalise
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daily feed supplied was recorded and uneaten feed was edli@ad hours after the start of feeding. The amoufoaf to
be provided being adjusted following weekly sampling for therdehation of gain in weight and length per treatment
which lasted 42 days. Each tank was completely drainechanalighly scrubbed on the day of sampling.
M easur ement and analysis

Five fish were randomly sampled from each tank, disdeated their livers weighed for estimations of the
hepatosomatic index (HSI). The remaining five fish wemaawed from each tank, killed and pooled for whole body
composition analysis. Fish whole-body samples werentala of the-20 °C cold store and thawed at room temperature
using a fan. Subsequently, all these samples were homadiedized and then ground into a powder before chemical
composition analysis.

At the beginning of the experiment, three replicate sasnpith 10 fish per replicate were taken and kept frozen at
20 °C for subsequent analysis of the fish whole body coniposifThe moisture, protein, lipid and ash contents of
experimental diets and samples were analyzed accorditigetetandard methods (Association of Official Anabgti
Chemists 2000). Moisture was determined by drying in an (hamostar-LG 122, Tabai Espec, Osaka, Japan) at@05
for 24 h; ash by burning in a rfike furnace (Isuzu Seisakusho, Tokyo, Japan) at°65fr 18 h; crude protein by the
Kjeldahl method (N x 6.25) using an automatic Kjeldahl Syg@achi 430/323, Flawil, Switzerland); crude fiber by acid
detergentfiber analysis; and crude lipid by the chloroform/methdB@dl, v/v) extraction procedure (Folch et, dl957).
The carbohydrate content was calculated by subtrat¢tengdantent of lipids, total protein and ash from thewdeight, and
gross energy estimation was made using an automatic baloireeter (Parr Instrument, model1265, Moline, IL, USA).
All chemical analyses were performed in triplicate aretayed.
Calculation of growth parameters

At the end of the experiment, dilkh from each tank were individually weighed and theal teingth was measured
for calculation of the condition factor [CE (100 x body weight in g)/(TL in cmi) Growth and feed effiency were
monitored in terms of the final weight, weight gain (expedsas the percent of initial body weight at the endhef
experiment), spefic growth rate (SGR) (lfinal body weight- In initial body weight/time, expressed as % per day), feed
conversion ratio (FCR)feead fed / wet weight gain), protein efficiency ratio (PERE{(wveight gain/protein intake), protein
productive value (PPM)protein gain / total protein intake)] and protein gtowate (PGR) [100 (In final protein content of
fish — In initial protein content of fish ) / number of daystlire feeding period.
Statigtical analysis

The data on fish growth, feed utilization efficiency anldoleg fish body constituents were subjected to one-way
analyses of variance (ANOVAS) to determine whether tlvese a sigrficant dfference (P<0.05) among fish fed at
different protein levels. Dfierences between means were assessed at the 5% probability level using Duncan’s multiple
range test, as described by Steel and Torrie (1980). The dateeaented as mean+SE of the replicate groups. Theabpti
dietary protein requirements were estimated from percerghtvgain of initial weight using the broken line regrassio
analysis (Robbins et al., 1979; Cowey, 1992
Results
Water quality:
The water temperature was maintairpe@8+0.43°C(meartSD). Salinity was 15+0.860 and pH ranged from 7.5 to 7.7
with a mean of 7.6+0.07 throughout the study period. Dissokygen was B+0.1 mll. Ammonia never exceeded
0.1+0.006 ml/I.
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Growth performance:

Growth performance of Nile tilapia juveniles was sfigaintly affected by dietary protein level (Table Il). Body
weight gain and SGR of the fish fed 35% and 40% protein diets sigmdicantly (P<0.05) higher thaof those fed the
25% and 30% protein dieté/eight gain and SGR tended to plateau at around4yand 4.14% dayrespectively. Based
on weight gain, the appropriate supplementation of digtatein for the fish was estimated to be 35% of dietgibimoken
line regression analysis (Fig. 1).

Feed conversion and condition indices :

Feed intake, expressed on a dry matter basis, increhgetly with an increase in dietary protein levéish fed the
35% and 40% protein diets showed significantly higher (F3(fdékd intake than the other groups (Table Il). The same
trend was observed in feed conversion ratio (FCR). Hpatosomatic index (Hpbf fish fed diets containing 35% and
40% protein were significantly (P<0.05) higher than for tHesediets of 2% and 30% protein (Table II). There were no
significant differences in condition factor (CF) betwed the groups where survival remained 100%.

Protein utilization:

Protein utilization was evaluated through protein depenparameters such as protein efficiency ratio (PER),
protein productive value (PPV) and protein growth rate (PGR fed the 35% and 40% protein diets showed significantly
higher (P<0.05) PER than the other groups (Table Il). PP\P&Ml decreased as dietary protein level increased (P<0.05).
Body composition:

The chemical composition of whole body showed thatpttogein and moisture content foéh fed diets of 35% and
40% protein was sigficantly (P<0.05) higher than that of tfieh fed diets containing protein levels off2%and 30%
although the lipid contents were lower (Tablg No significant differences were observed in the prodeid ash contents
of fish fed the diets in all treatments (P>0.05).

Nutrient deposition:

Nutrient deposition in whole body of Nile tilapia juvessl was significantly affected by dietary protein level
(P<0.05). Nitrogen intake increased with an increase targi@rotein (TabldV). The amount of protein taken in by the
fish fed 35% and 40% protein diets was significantly difie{®<0.05) from that of fish fed diets containing@and 30%
protein diet being intermediate. A similar trend was olegk in nitrogen gain of the fish whole body. Fish fed 35% and
40% protein diets showed higher nitrogen gain than thakerfeall other diets (P<0.05). However, there seemdxt ta
different trend in the values of nitrogen retention efficie(NRE) which decreased consistently as dietary prdésiel
increased. Fish fed diets containing 40% and 45% protein hgdificant better NRE than those of fish given 25%da
30% protein (Table IV). Gross energy intake (GEI) of fishwaktha linear decrease as protein level increased oger th
whole range of dietary protein levels. Although GElhe fish fed 40% protein was lower (817.13kJ) than th&5&6
protein diet (829.29kJ), the differences were not stedilbfi significant (P>0.05); GEI ranging from 901.3 kJ to 904al &t
remaining four diets (25% to 35% protein) did not appear to diffaifcantly (P>0.05, TabléV/). The highest energy gain
of 829.29 kJ was obtained with fish fed 35% protein, resultingdrhighest energy retention efficiency (ERE)9.4%.

Discussion

Dietary protein is generally considered to be of cruciglartance in fish nutrition and feeding, therefore sigfit
supply of dietary protein is required for rapid growth (Jayrared Ross, 1982; Lovell, 1989). In the present study, the
dietary protein levels of 35% and 40% with 20.2 KJdigestible energy were adequate to optimize both the wgajh
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and the feeding efficiency in juvenile Nile tilap@. niloticus growing from 1.0 g to 5.8. On the basis of maximum

weight gain, the estimated protein requirement of the fizh 36.0%These findings are in agreement with those of Wang
et al. (1985), Siddiqui et al. (1988), Omar (1994), Abdul-Hakim ef2801), Wilkinson (2003), Coyle et al. (2004) and
Bahnasawy (2009), which have shown that growth and FCRs impvitlrehigh protein diets. Some studies on tilapia
nutrition and feeding show conflicting results. Foraimte, Jauncy and Ross (1982) found that the dietary protein
requirement for fry is high and ranges from 35% to 56%. AccgrthnWilson (1989), Pillay (1990) ané&]-Sayed and
Teshima (1991, 1992), dietary protein requirements decreaeihcreasing fish size, and age. Furthermore, Bakand
Halfer (1982) investigated that fry of tilapia less than 1 gireq diet with 35-50% protein, 1-5 g fish requires diith \80-

40% protein and 5-25¢g fish requires diet with 25-35% profdiese results may be due to the fact that each fisthaiz a
certain protein limit after which excess protein lexeuld not be utilized efficiently. Wee and Tuan (1988) fothmat the
minimum dietary protein requirements for non-spawning graweing Nile tilapia was 27.5% and 35% crude protein,
respectively. De Silva et al. (1989) demonstrated that thgt economical dietary protein requirement for yourapid (1

to 5 g) was 28%. However maximum growth was achieved at about 8#%ddition, Santiago et al. (1982) reported that
the optimum dietary protein level for. Qiloticus fry was between 35 and 40%. These findings reveal that tiraabpt
dietary protein level of Nile tilapia juveniles rangednfr@0% to 55%. The considerable variations in the resdtgioned
above for optimum dietary protein requirements for maximuowth might have been due to the variations in fisk,siz
stocking density, dietary protein quality, feeding prot@md environmental conditions (Bahnasawy, 2009). In the present
study, when dietary protein concentration was above 35%, mearent weight gain did not increase significantly
(P<0.05). This indicates that weight gain maxima may bstified in a range of dietary protein concentration fid@b to

40% as suggested by Cowey (199&fcording to him, broken line model or an asymptotic madepreferable in
attempting weight gain maxima similiarthe present study.

Feed conversion ratio (FQRignificantly decreased as the dietary protein levetdéased and ranged from 3.27 to
3.39 The best FCR was obtained from 35% and 40% protein, difiteough there were no statistically significant
differences among them (P>0.05hese results are similar to the findings of some stumliddapia species (Siddiqui et al.,
1988, Omar, 1994, Kheir,1997, Abdel-Hakim et al., 2001 and Bahnasawy, 2@86jding to Wee and Tuan (1988) better
FCR values were obtained with increasing dietary prdésiel up to 42.55 and deteriorated slightly by diet contaibbfg.

In the present study, PER was significantly affected byeprdevels and noticeable that protein utilizatioasw
obtained at low protein level. High protein utilizatiof low protein diets has been observed in many fish epéuciuding
tilapia (Jauncey, 1982; Wee and Tuan, 1988; Shiau and Huang,KlI888; 1997;El-Dahhar and Lovell, 1995; Webster et
al., 1995 Ahmadet al., 2004 and Abbas and Siddiqui, 2013). This might have beetodhe fact that more dietary
protein is used as energy when high protein dietseddd fish (Kim et al.,, 1991 and Bahnasawy, 2009). Evidence to
support this is available in another study of Shimenal.e{1981). He found that increasing dietary carbohydrate and f
caused a reduction in the activities of amino acid déggaehzymes in the hepatopancreas and resulted in nitimgen
excretion rate and a high protein efficiency ratio. &wer, Dabrowski (1977) reported different patterns of changes in
PER in relation to dietary protein level and found thatrédationship between dietary protein and PER differ fepeties
to species.

In the present study, although the diets of protein levels &3430% had significantly high PER, the SGR values
were low. This indicates that Nile tilapia could havacedhtly utilized the low protein diet for protein sye#is, thus

increasing PER value and suggesting a compensatory mech@esger and Halver, 1987; Catacutan et al., 2001
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Bahnasawy, 2009). Although an increase in dietary protaisesaa decrease in PER, PPV, PGR and NRE (Lee and
Putnam, 1973; Bromly, 1980; Pongmaneerat and Watanabe, 1991 s8afna009), a linear increase in nitrogen gain is
generally observed until the requirement level is mets irdicates that excess protein is catabolized to gecemergy fo
growth (Lied and Braaten, 1984; Cowey, 1992, 1995). Similar trendob&eyved in Arctic char (Gurure et al., 1995),
haddock (Kim and Lall, 2001) and Nile tilapia in the presamdys

It is well known that protein and fat contents areghieciple componerstto evaluate quality of fish flesh (Caulton
and Bursell, 1977). In the present study, whole body igid significantly higher for fish fed with diets 35% and 4tb%n
for fish fed with diets 25% and 30%. When dietary protewel increased, lipid content decreased as in sea batilidfe
et al., 1981; Ballestrazzi et al., 1994), tilapia (JauraceyRoss, 1982; Wee and Tuan, 1988; Shiau and Huang, 1989; Kheir,
1997;Al-hafedh, 1999), grass carp (Dabrowski, 1977), guppy (Fah and Leng,.Td88)ncrease in whole body protein
and decrease in lipid content with increasing dietary prdevels may be endorsed to the high carbohydrate amd lo
protein content in the diet having low protein concditina The surplus carbohydrate in the diet may be exdes into
body fat for storage (Fah and Leng, 1986). These results coatehwsiththe findings of Zeitleret al. (1984), Reis et al.
(1989), Al-Asgah (1992), Mahboob et al. (1996) and Maithya (1998).drpthsent study, a clear inverse relationship
between fat and water content was found and there appeale a mechanism for some homeostasis of tissueneolu
Additional energy stored as fat replaced body water andaliddversely affect the deposition of protein. Tverange&85)L9
reported that the dry matter and fat in muscle of raintsout were positively correlated. A variation in drgntent was
caused mainly by a variation in fat content. Fat and mtat@ certain degree substitute each other. With asang fat
content the protein content (% of dry matter) is reduceld svisimultaneous increase in dry matter. These fjysdare in
line with the results of the present study and witts¢hof Shimma (1986), who reported significantly negative latioe
between moisture content and fat content in two rdesato and Mirror of carp, Cyprinugrpia In the present study,
body fat contents reflected the same of the diets.apiparent protein retention (APR) varied inversely withatty protein.
The APR was significantly different in fish fed with diefs35% and 40% protein than fish fed with diets of 23%8%.

In conclusion, the diet containing 35% dietary protein wit Rtio of 17.1 mg protein Rlcould be considered as

optimum for the growth of Nile tilapia juveniles undiee experimental conditions of the present study.
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Tablel.- Ingredientsand proximate composition of the experimental diets.
Dietary protein (% dry matter DM)

Ingredients (%) 25 30 35 40
Fish meal 24.5 29.5 34.5 395
Wheat bran 20.0 18.0 16.0 14.0
Rice bran 15.0 13.0 11.0 9.0
Mustered oil cake 15.0 14.0 13.0 120
Wheat flour 20.0 20.0 20.0 20.0
Vitamin-mineral premix 2.5 2.5 2.5 25
Fish oil 3.0 3.0 3.0 3.0

Pr oximate composition?

Moisture 7.5£0.5 7.2+0.3 7.0£0.5 7.0£0.5
Crude proteiﬁ 24.7+0.7 29.8+0.9 34.6x0.5 34.6x0.5
Crude lipid 5.5+0.4 5.620.5 5.8+0.6 5.8+0.6
Crude fiber 4.4+0.6 5.2+0.6 5.9+0.4 5.9+0.4
Ash 5.3+0.8 6.1+0.5 7.0£0.7 7.0£0.7
NFE* 60.1+0.3 53.3+0.4 46.740.3 46.7+0.3
Energy (kJg) 20.3+0.5 20.1+0.4 20.2+0.6 20.3+0.5
P/E (mg crude protein KJ 12.2+0.4 14.8+0.3 17.1+0.5 17.1+0.5

vitamin and mineral mixture contained the following ingrete(g 100 @' diet): Ascorbic acid (vit C), 15.2
thiamin HCI (vit B), 1.1; inositol, 39.5; calcium, 1.25; zinc, 1.0; retinok @&), 1.5; phosphorus, 3.5; cholir
chloride, 3.5; magnesium, 2.0; copper, 1.0; pyridoxine (it B3; phospholipids, 3.5; a-tocopherol acetate (vi
E), 5.5; folic acid, 0.4; cholecalciferol (vitg) 7.5; cyanocobalamine (vit;8, 0.006; riboflavin (vit B), 1.5;
menadione sodium bisulphite (vig)0.03; manganese, 2.0; iodine, 2.0; sodium, 1.0; iron, icd@jnic acid, 4.3;
biotin, 0.35.

°Dry matter basis (%): mean + SE, number of determinatidn =

“Measured as nitrogen x 6.25.

®Nitrogen-free extract = 100(% protein + % fat + % ash + % fiber).
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Tablell.- Thegrowth rateand feed utilization of juvenile Niletilapiafed at different levelsof protein for 42 days.

Dietary protein (% DM)

Par ameters 25 30 35 40

Final weight (g) 3.8+0.2 4.8+0.7 5.7+0.2 5.8+0.2
Weight gain, % of initial weight 280.0+2.8 380.0+2.7 470.0£3.2 480.0+3.0
Specific growth rate 3.17+0.02 3.73+0.08 4.14+0.08 4.18+0.05
Feed intak&(g fish?) 9.5.+1.¢ 12.8+1.3 15.6+1.3 15.7+1.F
Feed conversion raflo 3.39+0.F 3.37+0.2 3.32+0.4 3.27+0.3
Protein efficiency ratid 2.45+0.02 1.87+0.08 1.18+0.02 1.19+0.0%
Condition facto? 3.5+0.03 3.5+0.012 3.5+0.012 3.6+0.012
Hepatosomatic indéx 1.7+0.2 1.8+0.2 2.0£0.F 2.240.3
Protein productive val{e 34.87+0.2 27.8+0.F 25.8+0.3 25.6+0.1
Protein growth rate 3.8+0.4 3.7+0.2 3.2+0.T 3.3+0.1°
Survival (%) 100 100 100 100

Values (means+SE, n = 3 and each n consists of 10 fish perateplin the same row with different superscripts
significantly different (P>0.05). Initial body weight anadgh of the fish was 1+0.03 g and 3.9 cm + 0.02 respectively

“Weight gain, % of initial weight = 100 x [final body watg- initial body weight / initial body weight].

2gpecific growth rate = 100 x [In final body weighin initial body weight / time in days].

%Feed intake = total feed fed as % body weigtutal uneaten feed.

“Feed conversion ratio = total feed fed (g) / totei weight gain (g).
SProtein efficiency ratio = wet weight gain / proteh ¥ 6.25) intake.
®Condition factor (CF) = 100 x (weight / lengdth

"Hepatosomatic index (HSI) = wet liver weight (g) / eyrijigh weight (g) x 100; that of the initial fish was 1.24%.

8protein productive value (PPV) =100 x protein gain f@nointake.

“Protein growth rate (PGR) = [100 (In final protein conterfishf— In initial protein content of fish ) / number of days in 1

feeding period.
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Table III.- Whole body composition (%0 dry weight basis) of juvenile Nile tilapia fed at different levels of protein
ffor 42 days.

Dietary protein (%0DNI)

Parameters 25 30 as 40
Moisture 71.5+1.3 J2.1+12% 1261 47 72.5+1 3¢
Protein 53.1+1.52 54 8+1.7% 56.4+1 8° 56.3x1.6°
Lipid 343112 31.5+£2 5% 29.1+1 8¢ 2031 .0¢
Ash 11.4=0.62 12.8=0.4"% 13.6=1.6° 13.4=1.5°

WValues (mean=3E. n =3 and each n consists of 10 fish per replicate) in the same row with different superscripts are
significeantly different (P=0.05). Chemical composition of initial body was: medisture 72.5%, protein 33.7%, lipid 35.0%%
and ash 12.5%.

TableIV.- Nitrogen and energy utilization of juvenile Nile tilapia fed at different levels of protein for 42 days.

Dietary protein (% DAI)

Parameters 25 30 5 40
Nitrogen intzke' 122+0.03° 127007 1.51=0.02% 1.52=0.06°
Nitrogen gam® 0.44=0.01° 0.45=0.04 0.6=0.01° 0.6=0.02°
Nitrogen retention® 36.1=1.3° 344=16° 30.7=1.8° 39.5=1.9°
Energy intzke 006.2=4 6° G01.3=3.8° 82020=4 02 817.13=3.53
Energy gzin' 3376738 344 524 0 375.5=520 355447
Energy retention” 39.3=1.0° 60.4=1.3 69.4=12° 67.9=2.00

Values (means=SE, n = 3 znd each n consists of 10 fish per replicate) i the same row with different superscripts are

significantly differsmnt (F=0.03). Initial bedy weight of the fish was 1.0=0.3 g.

‘Nitrogen mtake (g fish"') = feed mtzke per fish * nitrogen content of feed.

“Nitrogen gam (g fish ') = nitrogen i whole body of fmzl fish — nitrtogen in whole body of mitial fish.

*Nitrogen retention (%) = nitrogen gaim / nitrogen intake = 100.

‘Energy gain (kJ fish'!) =ensrgy in whole body of fmal fizh — energy in whole body of mitial fish.

“Energy retention (%) = energy gain | energy mtzke = 100.

146



International Journal of Interdisciplinary and Multidisciplin&tudies (1JIMS), 2014, Vol 2, No.2, 135-147. 147

8000 4
7000 4

600.0 o y=02x+ 463

2 -
5000 - =3

400.0 A

WG (%)

y=19x - 192 67
2000 4 RZ = 9282 :

+ Optimum protein level = 35%
2000 A !

100.0

0o v T r ' '
0 10 20 30 40 50 60

Dietary protein (%)

Fig:1 :Optimum protein level of Nile tilapia as detersdnby the broken line

model.



