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ABSTRACT

Nile tilapia (Oreohromis niloticus) with different initial body sizes were
divided into three size groups (mean initial size): small (1.5 g), medium: (9.0g) and
large : (16.0 g) and reared for 112 days in glass aquaria. Under each size, the fish
were divided into five groups and fed on five experimental diets containing 15
20,2530 and 35% dietary crude protein levels. Ten fish were placed randomly in
each of 30 glass aquaria (100 | water capacity/each) in order to study the effects of
the initial body size and dietary protein levels on the growth performance and feed
and nutrients utilization of tilapia. Fish were hand fed twice daily, six days a week at
rate of 4% of its body weight.

The results indicated that the absolute values of fish weight (g/fish) , fish gain
and average daily gains were significantly (P<0.05) increased with increasing the
initial body size from 1.5 to 9.0 and 16 g ffish, receptively. However, values of specific
growth rate (SGR%) were significantly (P<0.05) decreased with increasing the initial
body size. On the other hand, increasing dietary protein levels from 15 to 35% CP
significantly (P<0.05) increased growth performance criteria.

Fish body composition at the end of the experiment showed a slight increase
in carcass dry matter and crude protein contents with increasing the initial body size
and dietary protein levels. However, values of carcass ether extract and ash were
decreased. Energy contents (Kcal/100g) of fish carcass at the end of the experiment
were similar in all treatments.

The resuits showed that values of feed conversion ratio (FCR), protein utilization
{expressed as protein efficiency ratio (PER) and protein productive value(PPV%)}and
energy utilization (EU)were significantly (P<0.05) improved with increasing the initial
fish body size . However, values of FCR and EU% were significantly (P<0.05)
improved but PER and PPV% were decreased with increasing the dietary protein
levels .

Finally, it could be concluded that small size fish was more efficient and achieved
higher growth performance than large size fish. Increasing the dietary protein level
from 15 to 35% CP increased the growth performance, however, feed utilization
criteria were decreased.

INTRODUCTION

Farming of tilapia species has received considerable interest in Egypt
over the past two decades. Production of tilapia increased from 8000 metric
tonnes (t) in1985 to 177000 t. in 2002(Soltan, 2003) As fish farming
increase, there will be greater emphasis on optimization of production
through maximizing biomass yield with lowest possible input (Purdom,1974).
And to achieve this, sufficient resources must be made available for all
individuals. Size grading is used in the culture of many fish species in an
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attempt to improve growth and survival (Kamastra,1993).Size grading by
separating small and large fish individuals from each other to avoid
potentially negative effects of social interactions (Jobling,1995). Competition
for food seems to be particularly important in governing growth(Jobling and
Koskela,1996). Without competition from large fish, smaller individuals avoid
the negative effects of dominance hierarchy and may achieve higher growth
rates (Purdom, 1974).

Some studies have been attempted to determine the exact dietary
protein requirements of tilapia to maximize growth (Cruz and Laudencia,
1977: Winfree and Stikney, 1981, Wang et al ., 1985 and Siddiqui et al,
1988). However, other studies have been directed towards selecting low-cost,
readily available feed ingredients as protein sources for tilapia diets (Cruz
and Laudencia, 1977; Jauncey,1982; Winfree and Stickney, 1981; Wang et
al., 1985 and Shiau et al., 1987). The reason for the very wide range of the
optimum protein levels in the above mentained studies were not clear.
However, initial fish body size could be one of the expected factors.El-
Dahhar, (1994) reported that with 30.2 and 26.6 % dietary protein, Nile tilapia
fry and fingerlings will grow as well as with higher protein diets when the fish
of the intital body size of 1.0 and 9.0 g were tested , respectively.

In spite of these studies, the picture is still not clear and our
knowledge on the optimum dietary protein level for different initial body sizes
of tilapia is a matter of debate up till now.Therefore the following experiment
was designed to investigate the effects of varing initial body size on the
performance of young tilapia that fed five different levels of dietary protein

MATERIALS AND METHODS

This study has been carried out in the Wet Lab. for Fish Nutrition,
Department of Animal Production, Faculty of Agriculture (E! Shatby),
Alexandria University.Nile tilapia (Oreochromis niloticus) of three initial body
sizes (1.54 , 8.65 and 15.66 g) were fed five dietary protein levels
(15,20,25,30 and 35 %CP) for 112 day and reared in glass aquaria in order to
study the effects of initial body sizes and dietary protein levels on its growth
performance and feed utilization. Thirty glass aquaria(100 | water capacity
Jeach) were used in the present experiment(two/each treatment). Ten fish
were randomly placed in each aquarium(100x40x30 cm) supplemented with
continuous areation and one third of its water was changed daily by freshly
stocked dechlorinated tap water to flush out wastes. The experimental
aquaria were maintained under a 12h light: 12h dark photo period regime
through the study with fluorescent tube lights, which were arranged to ensure
equal lighting throughout the laboratory aquaria.

Five isoenergetic diets of 436 Kcal gross energy/ 100g dry matter
were prepared to contain 15,20,2530 and 35% crude protein(CP %) as
indicated in Table 1. Ingredients were ground (0.5-mm particle size)the
mixture was subsequently mixed with vitamins, minerals and oil and then
pelleted in a large mincer with 3-mm holes and dried at 70 °C for 48 hrs. The
dried pellets were immediately stored at -20°C.
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Table (1): Composition and chemical analysis of the experimental diets .

Diet No*

tham T 2 R -
[Ingredients (%)
Fish meal ) 10 15 20 25
iSoybean meal 6 13 20 27 34
Wheat bran 10 10 10 10 10
Wheat meddiing by-product 37 31 25 19 13
IYellow corn 37 3 25 19 13
Corn oil 3 3 3 3 3
Vitamin mixture** 1 1 1 1 1
Mineral mixture™ 1 1 1 1 1
{Chemical analysis { %)
Dry matter (DM) 92.17 92.22 92.20 92.18 92.24
Crude protein (CP) 15.90 20.40 25.30 30.80 35.20
Ether extract (EE) 7.74 7.52 6.87 6.52 6.16
ICrude fiber (CF) 3.19 3.32 2.81 2.25 2.00
Ash 7.64 7.84 9.53 10.92 12.30
NEF™ 65.56 60.92 55.49 49.51 44 .34
Gross energy(GE;kcal/100 g DM) 432 436 436 439 439
IP/E (mg protein /kcal GE) 36.82 46.74 58.08 70.20 80.20

* Diets 1,2,3,4 and 5 contained 15, 20, 25, 30 and 35% dietary protein levels, respectively.

** Vitamin mix. (g/kg): Vit. A(0.012), Ergocalciferol (0.006) , Tocopherol (0.40), Menadione
(0.04), Biotin (0.006), L-ascorbic acid (3.0), D-calcium pantothenate (0.28), Chloline
chloride (8.0), Folic acid (0.015), Myo-inositol (4.0), Niacin (0.80), Pyridoxine HCI (0.04),
Riboflavin (0.20), Thiamine HCI (0.06) BHT (0.30), Celufid (12.44).

*** Mineral mix. (g/kg): Ca (H:PO,):H,0(0.40), Ca-lactate(1.0), Fe citrate (0.10), MgSO,7H;0
(0.40), K;HPO, (0.70), NaH,POH.O (0.25), AICI,6H,0 (0.02), ZnSO.7H0(0.126),
CuS0,5H,;0(0.03), MnSO,H;0(0.015), KI(0.02), CaCl:6H,0(0.02).

++ NFE = Nitrogen free extract = 100-(CP+ EE+ CF+ ash).

Fish in each aquarium were hand fed twice daily at 9.0 am and 4.0
pm, six days a week, at a rate of 4% of body weight on a dry weight of feed
basis for 112 days. Feed weights were adjusted weekly after the biomass in
each aquarium was determined. The amount of feed given to each aquarium
was determined at the end of the study. At the end of the experiment the final
weight of fish in each aquarium was measured. Water in each aquarium was
thermostatically controlled by using thermostatic heaters. Cole parmer,
Oxygen meter (Model 5946-55) was used to determine the concentration of
dissolved oxygen (DO;) and temprature was measured in the water in each
aquarium daily at 8.0 am. The average values were 6.6+0.2 ppm DO, and 28
+ 1.0 °C . Fish in each aquarium were killed and immediately frozen. Fish
samples were pulverized, autoclaved and homogenized with uitra-tunax. The
homogenized samples were oven dried at 60 to 80 °C.

The chemical analyses of the experimental diets and fish carcass
were done according to the methods of A.O.A.C.(1984), while nitrogen free
extract (NFE) was calculated by difference. The fish samples at the beginning
and at the end of the experiment were separately blended in a mixer and
dried at 85 °C overnight and was applied to the chemical analysis previously
mentioned.

Gross energy of the experimental diets and fish carcass were
calculated from the chemical composition using the factors 5.64,9.4,4.0 and
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4.0 (Kcal GE/g DM) for protein, fat, fiber and carbohydrate, respectively
(Jobiling, 1983).

The initial weight, final weight, gain,average daily gain , specific growth rate,
feed intake, feed convertion ratio, protein efficiency ratio, protein productive
value, energy utilization, dry matter, crude protein, ether extract, ash and
energy content were subjected to analysis of variance using the software
pckage (SPSS10) program.

RESULTS

Results in Table (1) show the composition and chemical analysis (%)
of the five tested experimental diets containing different dietary protein
levels(15.90, 20.40, 25.30 , 30.80 and 35.20 CP%). The experimental diets
were isocaloric (432-439 Kcal/100g DM), and differ in protein /energy ratios
which ranged between 36.82 and 80.20 mg protein /Kcal GE.

The effects of initial body size and dietary protein levels on growth
performance criteria of Nile tilapia are shown in Table 2.

Table (2): Effect of initial body size and different dietary protein levels
on growth performance of Nile tilapia (Oreochromis

niloticus).
’lnitial body sizeI Diet Body weight Weight gain, Specific
(g/fish) No (g/fish) . (gffish) growth rate,
. ini - - %l/day (SGR)
nitial Final Total |Daily gain (g/fish
1 1.53° 21.67 20.14 0.18 2.57
2 1.55° 28.50 26.95 0.24 2.60
3 1.54° 3367 32.13 0.29 2.75
1.5 4 1.56° 38.73 37.17 0.33 2.87
5 1.52° 45.80 44.28 0.40 3.04
1 8.66° 45.64 36.98 0.33 1.48
2 8.60° 51.75 43.15 0.39 1.60
3 871" 56.36 47.65 0.43 1.67
9 4 8.65° 66.64 57.99 0.52 1.82
5 8.63° 79.60 70.97 0.63 1.98
1 15.70° 64.21 48.51 0.43 1.26
2 15.60° 68.44 52.84 47 1.32
3 15.63° 77.29 61.66 0.55 1.43
16 4 15.65° 92.37 76.72 0.68 1.58
5 15:71° 104.45 88.74 0.78 1.69
Fish size
1.5 1.54"° 33.67° 32.13% 0.29° 273"
9 865° 59.99° 51.35° 0.46° 171"
16 15.66° 81.35° 65.69° 0.59° 146"
Diets
1 8.63° 43.84° 35.21° 0.31° B i
2 8.58*° 49.56° 40.98° 0.37° 1.847
3 8.63° 55.77" 47.15° 0.42° 1.95%
4 8.62° 65.91° 57.29° 0.51° 2.09°
5 862° 76.61° 68.00° 0.60° 2.24°

-Diets 1,2,3,4 and 5 contained 15,20,25,30 and 35% crude protein respectively.
-specific growth rate (SGR)% per day : 100 (Ln w-Ln wy)/t, where: Lnis the natural
logarithm , w ; is final weight, w, is the initial weight, t is the experimental period
-Means with different superscript in the same column /each item /each size or among
means are significantly (P<0.05) different.
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Growth performance expressed as final weight (W), gain (G) and aveage
daily gain (ADG) were significantly (P<0.05) increased with increasing the
initial fish body size(W;) and the dietary protein levels. However, values of
the specific growth rate (SGR%) were significantly (P<0.05) decreased with
increasing W,. Increasing the dietary protein levels linearly increased growth
performance criteria among each size(Fig.1).

Results in Table (3) show the effects of initial fish body size (W,) and
dietary protein levels on carcass chemical composition of the tested fish at
the end of the experiment. The results showed that fish carcass DM%, CP%
and energy content were significantly (P<0.05) increased with increasing W,
and dietary CP%. However, the values of carcass ether extract(EE%) and
ash were decreased.

Table (3): Effect of initial body size* and dietary protein levels** on
chemical composition of Nile tilapia (Oreochromis

niloticus).
asis,?
Initial body | Diet | Dry il el i bl
size (gifish) | No. |matter, (%) Crude protein| Ether extract | , . caDM 9
(CP) (EE)
1 24.14° 58.89 23.41° 17.78° 555.12°
2 24.327 59.13° 23.25° 17.62° 554.96°
15 3 24.71° 60.27 2268° 17.05 ¢ 555.99 ©
4 24.93° 60.37° 22.67° 16.96 © 556.46°
5 25.00° 60.97° 22.35° 16.68 ° 556.81 a
1 24.51° 60.11°6 23.25° 16.64° 558.50°
2 24,787 60.32° 23.18°7 16.50 " 559.02°
9 3 24.92% 60.91° 23.00° 16.25° 560.65°
4 25.11° 61.21° 22.91° 15.88°7 561.49°
5 25.17° 61.68° 22.72° 15.60 ¢ 562.35°
1 24.81° 60.10° 23.22% 16.08° 561.54°
2 24.957 60.94 7 23.11° 15.95° 561.86°7
15 3 25.12° 61.32° 22.90°¢ 15.78 ° 562.02
4 25.31° 61.48° 22.83° 15.69° 562.26°
5 25.55° 61.91° 2261° 15.48 ° 562.61°
Fish size
1.5 24.62° 59.91° 24.87° 17:.22° 554.39°
9 24.89° 60.85° 23.01° 16.17° 560.40°
16 25.15° 61.15° 22.93° 15.79° 562.06°
Diets
1 24.49° 59.70° 23.29° 16.83° 557.57°
2 24.68° 60.13°7 23.18° 16.69° 558.95°
3 24.92° 60.83° 22.86° 16.36° 558.90°
4 25.12° 61.02° 22.80° 16.18° 559.40°
5 25.24° 61.52° 22.56° 15.92° 559.94°
* Carcass composition of the initial weight of the fish was 23.22% 0.09% DM, 58.15  0.03

% CP, 22.40£0.04% EE, 19.45 +0.03ash and 539.43 Kcal/100 g DM.
**Diets 1,2,3,4and 5 containing 15,20, 25, 30 and 35% dietary protein levels ,
respectively.
-Means with different superscript in the same column /each item /each size or among
means are significantly (P<0.05) different.
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The effects of different initial body sizes and different dietary protein
levels on feed and nutrients utilization of tilapia are shown in Table (4) and
Fig.2. Feed consumption (g DM/fish) was significantly (P<0.05) increased
while the values of feed conversion were significantly (P<0.05) improved with
increasing W, and/or CP levels %. On the other hand, it was found that
values of protein utilization expressed as protein effeciency ratio (PER) or
protein productive value(PPV%) were significantly (P<0.05) increased with
increasing of W, or decreasing dietary CP% levels. However,values of
energy utilization(%)were significantly (P<0.05) increased with increasing W,
or dietary CP% levels.

Table (4): Effect of different initial body sizes and nutrients utilization
of Nile tilapia (Oreochromis niloticus).

Lr]itial body | Diet F'iff;;::;“““ Eatain UShEaben e o rey utilization
ize (g/fish) No. FCR PER PPVY% EU(%)
1 69.89° [3.477] 1817 | 25.86° B.72°
2 85.16% [3.16°| 1.55° | 22.39° 9.81¢
15 3 93.91° [2.92°] 1.35° [ 20.23° 10.55°
4 99.62° [2.68° 1.21° | 20.60° 13.05°
5 107.16° [2.42°] 1.147° | 17.95° 12.91°
1 120.55° [3.26°] 1937 | 28.79° 9.88°
2 133.337 [2.09°] 1.59° | 24.04° 10.43°
9 3 140.57° [2.99°] 1.34° | 20.70° 11.06 ©
4 152.08° [262°% 1:22° | 193" 12.26°
5 168.91° [2.38°] 1.19° | 19.27° 14.09°
1 153.79° [3.17°] 1.98° | 2998° 10.33°
2 158.52% [3.00°] 1.63° | 2523° 10.33°
16 3 171.23° |2.78°] 1.39° | 22.30° 11.59°
4 180.30° [2.35°9 1.38° [ 21.83° 14.05°
5 186.60° [2.10°] 1.35Y | 21.77° 15.88°
Fish size
1.5 91.15° [2.93°] 1.41° | 20.40° 10.89°
9.0 143.09° [2.86°] 1.45° | 22.42° 11.54°
16 170.09° [2.68°| 1.55° | 2422° 12.44°
Diets
1 114.74° [3.30%| 1.91* | 28.21? 9.64°
2 125.67° [3.08°] 1.59° | 23.89° 10.19°
3 135.24° |2.88°| 1.36° | 21.08° 11.07°
4 144.00° [255° 1.27% [ 20587 13.12°
5 154227 12.30°] 1.24° | 19.66° 14.29°

Diets 1,2,3,4and 5 containing 15,20, 25, 30 and 35% dietary protein levels , respectively.
-FCR, feed conversion ratio = feed intake, gitotal gain ,g.

-PER, protein efficiency ratio = total gain ,g/protein intake, g.

-PPV%, protein productive value =retained protein in fish body, g/protein intake, g x 100.
-EU%, energy utilization = retained energy in fish body, kcal/energy intake, kcal x 100

. -Means with different superscript in the same column /each item /each size or among
means are significantly (P<0.05) different.

3825



Nour, A. A.

a) Feed conversion ratio (FCR)

3 1 -
29
[+ 25 < > x
5 | B PRSI o
< 27 : =
26 ‘ E .
25 =
15 09 18
Initial body size (g/fish) Protein leve: (%)
b) Prutcin efficiency ratio (PER)
1.55 2
1.5 1.5
& - 4
gf 1.45 E_J 1
14 D 05
1.35- = 0
15 09 16
Inatial body size (g/fish) Protein levi (%)
«y o cutein ProGuciire vaiue (s a v ruy
3ac
25
3 20
>
& 15
e E 10
5
0
Protein level ( 3)
1 Frergy utilization (EU%)
157
. 10 . b= s =
£ z { M- 5 -
w LE ! - (g
e, y
30 35

Protein level(%)

Initial body size (g/fish)

Fig. (2) Effect of initial body size auu dietary protein lcvel on feed and nutricn: utilization of Nile

tilapia ,O.niloticus
: a) feed conversion ratio, b I‘rotein efficiency rutio c) protein producti. ¢ value and

d) energy utilization

3826



J. Agric. Sci. Mansoura Univ., 29(7), July, 2004

DISCUSSION

In the present experiment, the effects of the initial body size and
dietary CP% levels on growth performance of tilapia were tested for 112 days
in aguaria. The large tilapia with initial body size of 16g/fish showed the best
growth with 35 and 30% dietary CP levels, respectively expressed as
absolute final weight, gain and average daily gain, butwas the lowest as
SGR%. On the other hand, it was observed that tilapia with all initial body
sizes gave the highest growth with the diet containing 35%, followed by 30%,
25%,20% and 15% dietary CP%, respectively. The differences were
significant at 0.05% the (Table2). However, the results are in agreement with
those of Siddiqui et al. (1988 ) worked on tilapia (O. niloticus) fry (0.84 gffish).
Hafedh(1999) studied the effect of dietary protein (25,30,35, 40 and 45%
CP) on growth , survival ,food conversion ratio, protein efficiency ratio for four
sizes (0.51, 45, 96 and 264g/fish) of tilapia, O. niloticus. The results showed a
progressive increase in growth with increasing dietary protein. In fry (0.51g),
significantly higher growth, survival and feed conversion were recorded for
fish fed 40-45% CP rather than 25-35% CP diets. Similar trends for growth
and feed conversion were also noted in 45g fish. For larger (96 and 264g)
tilapia, significant differences in growth and feed conversion ratio were
obtained and PER decreased with increasing weight of fish and both were
found to be negatively correlated with dietary protein level.

The present results showed that increasing tilapia body size resulted
in a significant (P<0.05) increase in carcas dry matter (DM%), crude protein
(CP%) and energy content, however, ether extract and ash contents were
decreased significantly (P<0.05). There is usually an increase in body fat
and energy content with increasing body size in fish fed maximum rations (
Cui et al, 1996a and b). However, Xie et al (1997) reported that O.niloticus
body size did not have significant effects on the content of crude fat and
energy. The authors explained their findings on the basis that this is probably
partly caused by decline in energy intake in larger tilapia as a result of sexual
maturation , or due to the relative lipid content in the diet.

Values of feed intake (Table 4) were significantly increased with
increasing the initial fish size or dietary protein levels up to 35% CP. Xie et
al.(1997) reported that food consumption of O.niloticus fed to satiation twice
a day with a diet containing 35.6 % CP were increased with body size.

On the other hand, the present results showed that the efficiency of
feed utilization expressed as feed conversion ratio (FCR) was significantly
(P<0.05) improved with increasing tilapia body size. Also values of protein
(PER,PPV%) and energy utilization (EU%) were significantly (P<0.05)
increased with increasing tilapia size. Feed conversion ratios (FCR) and
energy utilization (EU%) in the present experiment were improved but PER
and PPV% decreased by increasing dietary protein levels.

The best values of feed utilization (FCR) and energy utilization
(EU%) were obtained with feeding all tested groups on the diet containing
35% CP. These findings are in agreement with the results reported by De
Silva and Preera (1985) and Siddiqui et a/.(1988). Jauncy (1982) found that
FCR values decreasing with increasing dietary protein levels form 8 to 56%
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for O. mossambicus fry. Values of protein utilization (PER and PPV%, Table
4 and Fig. 2) were significantly (P<0.05) decreased with increasing the
dietary protein levels up to 35%CP. A similar trend was observed in all size
groups of the tested tilapia.These results were as found in Cyprinus
carpio(Ogino and Saito,1970), Tilapia zilli (Mazid et al.,1979) and O.
mossambicus (Juancy, 1982).

The results of the present study indicated that growth performance,
feed and energy utilization values were increased with increasing the dietary
protein levels up to 35% CP for O. niloticus. However , values of protein
utilization (PER, PPV%) were decreased.On the other hand , results of
growth rate were higher in small size fish than the medium or large tested O.
niloticus. However, feed and nutrient utilization values were significantly
(P<0.05) higher for the large size than the small tested fish.

The present results are similar to those obtained by Santiago et al.
(1982), who recommended 35% dietary protein content for fry. Cruz and
Laudencia (1977) reported 35-40% protein as the optimum. Silva et al (1991)
studied the interaction of varying dietary protein and lipid levels in young red
tilapia. The authors concluded that all the three tested protein levels (15%,
20% and 30% CP) with 18% lipid resulted in the best growth for fish.

Finally it could be concluded that the growth performance of low
initial body size tilapia (O. niloticus) expressed as SGR% was significantly
(P<0.05) higher than medium or large sizes fish, respectively. On the other
hand, increasing the dietary protein levels up to 35%CP improved growth
performance of fish from different sizes.
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