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SUMMARY

The present study was curried out at the aquaculture experimenial station,
Department of Animal Production. Facuity of Agriculture, Al-Azhar University, Cairo,
Egypt during the period from 1/7 to 22/9/2004. A total number of 480 Nile tilapia
fingerlings weighing 10.4 + 0.4g/ fish were distributed into six experimental groups
representing two lysine + methionine levels (the requirement and 30% over the
recommended level). Within each amino acid level three feeding frequencies (2. 4 and
6 times daily) were tested. The experiment was conducted in fiber glass tanks. each of
I m’ total water volume supplied with aeration source in a recirculating closed water
system. The applied treatments were performed in replicate tanks each with 40 fish.
The experiment lasted 12 weeks after start. Results obtained are summarized in the
following:

¢ Supplementing growing Nile tilapia with both lysine and methionine to reach
30% over the requirements improved significantly final weight, weight gains. protein
productive value and energy utilization, however it had insignificant cffects on feed
conversion ratio and specific growih rate.

¢ Increasing feeding frequency from 2 to 4 or 6 times daily improved significantly
final weight: weight gains and released significant effect on feed conversion ratio.
specific growth rate and nutrient utilization parameters.

* Both amino acids supplementation and feeding frequency released significant
eftects on chemical composition of whole tilapia bodies.

Keywords: Nile tilapia, lysine supplementation and feeding frequency.

INTRODUCTION

It has been reported that addition of
supplemental methionine and lysine
improved growth in common carp
{Cyprinus carpio) fed diets with soy flour
(Murai et al. 1982, 1989). Nordrum et a/,
(2000) reported that higher protein

utilizatton in fish may results from

increasing protein digestibility,
improving amino acid balance and

reducing the amount of protein used for
energy production. Plant protein sources
could be used to provide a significant
proportion of protein requirements of

Nile tilapia (El-Duhhar and El-Shazly,
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1993). However, one of the factors
limiting their wuse at higher levels
appeared o be the deficiencies of certain
essential amino acids, particularly
methionine and lysine for tilapia
mossambicus (Jackson and Copper,
1982). Viola et al. {1992) conducted an
experiment where protein contributed by
soybean mealin 30% protein for carp
and tilapia feeds. They formulated five
feeds of 3900 Kcal gross energy /kg
which were compased each with (A} 30%
protein/ 1.8 total lysine; (B) 25% protein
+ 0.5% lysine-HCI with 1.8% total lysine
(Cy 25% protein/ 1.4% total lysine; (D)
20% protein + 1.0% lysine-HCL/ 1.8
total lysine (E} 20% protein + 0.5 lysine-
HCL with 1.4 total lysine. They reported
that group B attained weight gains equal
to group A, whereas groups C, D and E
lagged 20% or more. The same authors
concluded that 5% of the soybean meal
in a 30% protein carp feed could be
replaced by 0.5 lysine-HCL and 435
grains without impaired growth and
resulting in 20% less nitrogen excretion.
They reported also that further reduction
of feed protein to 20% impaired weight
gains, in spite proper lysine suppliemen-
tation. The same authors tested four feeds
with four replicates on tilapia (A) 30%
protein with 1.75% lysine (B} 30%
protein + 0.5% lysine HCL and 2.1%
total lysine (C) 25% protein 1.4% total
lysine (D) 25% protein + 0.5% lysine
HCL with 1.75% total lysine. They found
that the weight gains of both 30% protein
groups (A and B) surpassed those with
25% protein groups (C and D). They
concluded that supplemental lysine did
not yield any growth response at both
protein levels and thus failed to reduce
nitrogen excretion. Deyab and El-Said
{2002}, replaced fish meal by soybean
meal supplemented by L-lysine at 0.5;
1.0; 1.5 and 2%. They found that the best
growth performances were recorded with
diet containing 55% SBM and 0.5%

lysine. The authors suggested that a diet
contained 55% SBM; supplemented with
0.5% lysine; can be totally replace fish
meal in a diet for Nile tilapia fingerlings
without adverse effects on its
performance.

The rate of feed consumption is a
function of environmental condition,
species, dietary composition, meal size,
fish size and feeding frequency (Dos
Santos and Jobling, 1995; Wang et al
1998 Liu and Liao, 1999 and Riche,
2000). Feeding intervals or feeding
frequency is strongly correlated with
gastrie” ¢vacuation time (Holmgren et al.
1983 and Lee et al. 2000), and the return
of appetite is closely related to the rate of

: gastric emptying.

" Gasteig-. gvacuation rate is also a

function of temperature, fish weight,
meal size, dietary composition and
energy and feeding frequency (Windell et
al. 1969; Grove ef al. 1978; Flowerdew
and Grove, 1979; Grove and Crawford,
1980; Jobling, -1980; Persson, 1981;
Hofer et al. 1982 and Holmgren et al.
1983). Riche: et al. {2004) evaluated the
effects of feeding frequency (3 or 5
meals/day) on gastric evacuation and the
return of appetite in Nile tilapia. They
reported that fish fed at 4-5-h intervals
consumed as much- as’ they have
evacuated and fish receiving meals at 2-
3-h intervals exhibit gastric over load.

The purpose of the present
investigation is to study the effect of
lysine and methionine supplementation
as well as feeding frequency on growth
and feed utilization traits of growing Nile
tilapia (Oreochromis niloticus) under
tank culture conditions.

MATERIALS AND METHODS

This study was carried out at the
intensive fish production experimental
unit belonging to Faculty of Agriculture,
Al-Azhar University, Cairo, Egypt. The
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study aimed to investigate the effect of
increasing both lysine and methionine
dietary levels by 30% over the NRC
{1993) recommended levels on growth
and feed utilization parameters of
growing Nile tilapia (Oreochromis
niloticus). Also the effects of feeding
frequencies (2, 4 and 6 times) on growth
parameters daily were studied.

Experimental fish:
A total number of 480 monosex Nile
tilapta fish purchased from a private Nile

tilapia hatchery in Kafr E!-Sheikh
governorate were used in this study.
Average  initial  weight of the

experimental fish was 10.4g + 0.4 at the
experimental start. The fish were
acclimated for one week to the
experimental tank conditions before they
were distributed into the experimental
groups. During the acclimation period
prior to the experiment all fish were fed
on the control diet for a week.

Experimental diets:
An experimental Nile tilapia diet

(Table 1) was formulated to contain
34.3% crude protein and 449530
Kcal/Kg gross energy. The calculated
lysine and methionine from the
ingredients used in unsuppiemental diet
were 1.61 and 0.52%, respectively.
Crystalline amino acids were

supplemented at 0.32% lysine and 0.46%
methionine which presenting 30% over
the recommended levels (1.43 and
0.75%) for both amino acids according to
NRC (1993). The experimental diets
were fed at a daily rate of 3% of fish
biomass in each tank. The supplemental
L-lysine  and  Dl-methionine  were
incorporated in the diet by replacing part
of the wheat bran component. The daily
diet was fed at frequencies of 2, 4 and 6
times daily to test the effect of feed
frequency. The diets were manufactured
in form of pellets (3mm) using a mincing
machine  with  3mm die. Twelve
experimental fiber glass tanks, each Zm

length; Im width and 'm depth were

~used in this study. The twelve tanks
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represented two diets (un-supplemented
with lysine and methionine) and three
feeding frequencies (2, 4 or 6 times
daily) in two replicates. The tanks were
filled with dechlorinated tap water in a
complete water recycling system. Tanks
were provided with air via an air
compressor for 24 hours. The experiment
started at 1/7/2004 and lasted 12 weeks
after start. The experimental tanks were
exposed to natural day light during the
period of experiment i.e 14 hr. light and
10 hr. darkness.

Diet and fish body analysis:

At the beginning of the feeding trail
20 fish were sampled and stored at — 20
°C for the analysis of whole body
composition as a zero group. At the end
of the experiment period, samples of fish
per tank were with drawn for chemical
analyses. The chemical composition of
the experimental diet and whaole fish
bodies including moisture; crude protein
(CP); ether extract (EE) and ash was
carried out according to the methods
described by the AOAC (1995). Nitrogen
free extract (NFE) contents were
calculated by differences. Gross energy
{GE) contents of the diets and the fish
bodies were calculated according to
Jobling (1983) using the multiplication
factors of 4,0; 5.65 and 9.45 kcal GE/g
for carbohydrate; protein and fat,
respectively.

Sampling and data collection:

Al fish in each treatment with its

replicate were weighed individually at
the experimental start and every two
weeks thereafier. The amount of feed
was adjusted according to the new fish
weight every two weeks.
Average weight gain (AWG), average
daily gain (ADG), specific growth rat
(SGR}, feed conversion ratio (FCR),
protein efficiency ratio (PER), protein
productive value (PPV) and energy



Abdel-Hakim et al.

Table (1) : Formulation and proximate analysis (on DM %) of the experimental
diet fed to monosex Nile tilapia (Qreochromis niloticus).

Ingredients Component %
Yellow corn 48.25
Soybean meal (44%) 2325
Fish meal (72%) 14.00
Wheat bran 8.72
Sunflower oil 2.00
Vit. & Min. mixture ' 3.00
L- lysine HCI (78.8%) 0.32
DL- methionine (99%) 0.46
Total 100
Proximate EI_@!! sis (051

DM 84 .80
Cp 34.30
EE 7.90
CF 5.50
Ash 7.03
NFE? 4527
Gross Energy (Keal/ Kg)* 4495.30

H Each 1 Kg contains Vit. A 4.8 mIU; E 4g; K 0.8 g; B, 0.4 g; B, 1.6g: Bs0.6 g: By, 42; Pantothenic
acid 4g; Nicotinic acid 8 g: Folic acid 400 mg: Biotin 20 mg; choline chloride 239 g; copper 4g;
Todine 0.4g: Iron 12g: Manganese 22¢g; Zinc 22g and selenium 0.84g.

) NFE =100 - (Crude protein + Ether extract + crude fiber + crude ash),

Gross encrgy was calculated from their chemical composition using the factors 5.65, 9.45, 4.0 and {Cal

GEfg DM) for ¢rude protein, ether extract and nitrogen free extract, respectively (Jobling, 1983).
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utilization  (EU)  were  calculated
according to the following equations:

. AWG (g/fish) = [Average final
weight (g) — Average initial weight (g)]

2. ADG (g/fish/day) = [AWG (gV
experimental period (d)]

3. SGR (%/day) = [(Ln final weight (g)
— Ln initial  weight (g})) x
100} experimental period (d).

4, FCR = Feed intake, dry weight (g) /
live weight gain (g)

5. PER = Live weight gain (g) / protein
intake (g)

6. PPV(%) = 100 x [Final fish body
protein (g) — initial fish body protein (g)/
crude protein intake (g)].

7. EU(%)= (Retained
Kcal/energy intake, Kcal) x 100

energy

Statistical analysis of duta:

The data were statistically analyzed
by wusing SAS programme, (1999}
SAS/STAT user's guide SAS inst. Inc.
Cary NC. USA. Differences between
treatments were conducted according to
Duncan, (1955). Differences were
considered significant at P < 0.05.

RESULTS AND DISCUSSION

Growth performance parameters:
Results of Table (2) show that
averages of initial body weights had
ranged between 10.08 and §0.82g with
insignificant  differences among the
experimental groups. As presented in
Table (2) averages of final weight at
terminaticn of the experiment {12 weeks
after start) were found to be 79.72; 84.70;
89.96; 82.34; 87.72 and 91.79 g for T\,
T. T; T. Ts and Ts  respectively.
Analysis of variance for final weight
indicated clearly that final weights
improved significantly (P<0.05) with
ivsine and methionine supplementation
and with increasing feeding frequency
with the un-supplemented  and
supplemented  groups  (Table  2).
Regardless of feeding frequency (Table
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3), averages of final weights as affected
by lysine and methionine
supplementation were found to be 84.79
and 87.28g for the un-supplemented and
supplemented groups, respectively with
significant differences (P<0.05) for the
favor of amino acids suppiementation.
Irrespective of amino acids
supplementation (Table 4), averages final
weight affected by feeding frequencies 2,
4 or 6 times/day were 81.03; 86.21 and
90.88 g, respectively and analysis of
variance of the results indicated that
averages  final  weight  improved
significantly (P<0.05) with increasing the
daily feeding frequency. The same trends
were observed by the average weight
gain (AWG) and the averages of daily
gains (ADG) where amino acids (lysine
+ methionine) supplementation and
increasing feeding frequencies from 2 to
4 or 6 times/daily resulted significant
{(P<0.05) improvements in both AWG
and ADG (Tables 2 and 3). The results
are in agree with those reported by
Gomaa (1995) and El-Saidy and Gaber
(2002}, who reported that
supplementation of methionine and
lysine to Nile tilapia diets containing

high percentages of soybean meal
resulted in  the highest growth
performance  parameters. Ia  this

connection, Santiago and Lovell (1988)
recommended for O. nifoticus a lysine
fevel of 5.12% of the dietary protein
(1.43% cof the diet) for maximum growth
performance and utilization of feed.
Santiago (1986) reported that young
tilapia fish required 5.61% lysine as
percentage of protein for maximum
growth which correspond 1.57% of the
whole diet. Results of Tables (2 and 3)
are also in accordance with the findings
of Shiau er ol (1987), who reported that
addition of supplemental methionine
improved growth of tilapia. Also Murai
et al. (1986) reported that the nutritional
value of soy flour was improved by
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Table (2) : Growth Performance and nutrients utilization of monosex Niie tilapia
(Oreochromis niloticus) fed the experimental diets.

Diets
w“hout.s"ppl.eme"tal With supplemental amino acids
amino acids
ltem Number of feeding/ day
2 4 6 2 4 6
T, T, T, T, Ts Ts

Average initial weight (@) 10.08 10.82  10.08 1043  10.54 10.76
+0.03 +0.03  #0.01  +0.02  £0.01  0.02
A final weight 79.72° 8470 89.96¢° 82.34° 87.72° 91.79°
verage final weight () 450 040 042 048 4047 039
69.64"  73.88%  79.88° 7191, 77.18  81.03°

AWG (2) 001 £042 042 047 047 2039
0.83 0.88 0.95°  0.86°  0.92° 0.97°
ADG (g) £0.01 001  +0.01 #001  #0.01  +0.0]
SGR (%/day) 2.46° 2434 2617 246°  25° 255
+0.01 £0.01  +0.06 =001 #0.01  +0.01
Feed Consumption (g) 84.50"  89.50° 954s5" 87.25° 9225  106.10°
.09 005 £0.08 0.12  £0.05  0.15
FCR 1.21° 1.21° 1205 1210 1.20° 1.31°
£0.01 +0.01 #0001  £0.01 #0.01 0.0
PER 2.40° 241 244* 240°  243% 2.23°
+0.01 +0.01  #0.01  £001  +0.01 +0.01
PPV (%) 30.99°  32.57Y 34.05° 33.31° 3488 3328
+0.16 +0.18  +020 *020 022  +0.16
EU (%) 24.14°  2537° 26710 26145 27320 26.05°
012 =014 #0014 2015 016  +0.13

a. b, c etc: Means in the same row with different superseripts are significantly different (P< 0.05).
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Table (3) : Effects of Iysine + methionine supplementation on growth performance
and nutrients utilization of monosex Nile tilapia (Oreacliromis niloticus)
fed the experimental diets.

Effect of supplemental amino acids

[tem Without With
supplementation supplementation
Average initial weight (g) 10.33 10.58
+0.05 +0.02
Average final weight (g) 84.79° §7.28°
+0.59 +0.56
AWG (g) 74.47° 76.71°
+0.59 +0.55
ADG (g) 0.89° 0.92°
10.01 +0.01
SGR (%/day) 251 2.51
+0.01 +0.01
Feed consumption (g) 89.82° 9527
+0.58 +1.04
FCR 1.21 1.24
+0.00 +0.01
PER 2.42° 2.35°
+0.01 +0.01
PPV (%) 32.57° 33.82°
+0.20 +0.15
EU (%) 25.41° 26.50°
+0.16 +0.11

a, b, c ete: Means in the same row with different superscripts are sigaificantly different (P< 0.05).
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addition of 0.4%  crystalline L.
methionine, On the other hand, Andrews
and Page (1974) reported that methionine
supplementation to channel catfish diets
resulted in no improvement in weight
gains which may due to the higher levels
of sulpher amino acids in the basal diet
fed.

Concerning feeding frequency
{Tables 2 and 4), results of the present
study revealed that final weights, average
weight gain (AWG) and ADG of Nile
tilapita were improved with each increase
in feeding frequencies which are in
accordance with results reported by
Wang ef al (1998). They reported that
cumulative feed consumptions, final
weight, weight gain and SGR of hybrid
sunfish were significantly greater in fish
fed three and four times daily compared
to those fed once daily. Also studies
conducted on other fish species have also
showed that feed consumption and fish
growth  generally  increased  with
increasing feeding frequency up to a
given limit (Andrew and Page 1975 on
catfish; Grayton and Beamish 1977 on
rainbow trout; Siraj er al 1988 with red
tilapia and Tsevis er al. 1992 on sea bass.

As presented in Table (2}, averages of
specific  growth rates (SGR) were
significantly (P<0.053) higher in T; Ts
and T compared to T T- and T,.
Furthermore, T; showed the highest SGR
(P<0.05) followed in a significant
decreasing order (P<0.05) by T, and Ts.
Regardless of feeding frequency (Table
3), amino acids (lysine and methionine)
supplementation seemed to release no
significant effects on SGR of Nile tilapia.
On the other hand, SGR recorded
significantly improvement (P<0.05) with
increasing the times (frequency) of
feeding, regardless of amino acids
supplementation (Table 4). These results
are in accordance with the findings of
Siraj er al. (1988) and Wang er al
(1998), who reported that increasing feed
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frequency improved growth parameters
including SGR.

Feed utilization parameters:

Results of Table (2) showed that FC
increased (P<0.05) with lysine and
methionine supplementation and with
increasing the feeding frequency. As
presented in Table (3) FC improved
significantly (P<0.05) with lysine +
methicnine supplementation, regardless
of feeding frequency. Moreover, FC
averages (Table 4) were found to be
85.88; 90.98. and 100.77g for feed
frequencies 2, 4 and 6 times daily,
respectively, regardless of amino acids
levels. Results concerning feed intake as
affected by amino acids (lysine +
methionine) obtained in the present study
are in accordance with those reported by
El-Saidy and Gaber {2002), who showed
that increasing lysine level in Nile tilapia
diets from 1.63 to 2.05% increased feed
intake as a result of improved weight
gain. Also results of Tables (2 and 3) are
in accordance with Viola er al. (1982)
and Shiau ef al. (1989), who reported that
methionine supplementation in carp and
hybrid tilapia improved feed
consumption. Results concerning feeding
frequency and its positive significant
effect (P<0.05} on FC (Tables 2 and 4)
are in complete agreement with the
findings of Andrews and Page (1975);
Grayvton and Beamish (1977); Siraj et af
(1988). Tsevis er al. (1992) and Wang et
al. (1998); who reported that increasing
feed frequency in some fish species up to
a given limit generally increased feed
consumption and fish growth.

_Average of feed conversion ratio FCR
(Table 2) showed that T; T.; T;; T, and
Ts recorded significantly (p< 0.03) better
{lower) FCR wvalues compared to T,
These results may indicate that group fed
on the lysine + methionine supplemented
diet and fed the diet at the highest
frequency showed the highest {worth)
FCR values. On the other hand, as
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Table (4) : Effects of feeding frequency on growth performance and nutrients
utilization of monosex Nile tilapia (Oreochiromis niloticus) fed the
experimental diets.

Effect of feeding frequency

Item
2 4 6
Average initial weight (g) 10.26 10.68 10.42
+0.03 +0.03 +0.05
Average final weight (g) 81.03° 86.21° 90.88°
+0.36 +0.39 +0.32
AWG (g) 70.78° 75.53° 80.46°
+0.34 +0.41 +0.30
ADG (g) 0.85° 0.90° 0.96*
+0.00 +0.00 +0.00
SGR (%/day) 2.46° 2.49° 2.58°
+0.00 +0.01 +0.01
Feed consumption (g) 85.88° 90.98" 100.77°
+0.23 +0.24 +0.85
FCR 1.21° 121 1.26°
+0.00 +0.01 +0.01
PER 2.40° 2.42° ©2.34°
+0.01 +0.01 +0.02
PPV (%) 32.15° 33.73* 33.72°
£0.22 +0.29 +0.15
EU (%) 25.14° 26.35° 26.38°
+0.18 +0.19 +0.11

a, b, ¢ ete: Means in the same row with different superseripts are significantly different (P< 0.05).
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illustrated in  Table (3), lysine +
methionine  supplementation released
insignificant effects on FCR of Nile
tilapia. Moreover, FCR values for groups
fed the diet 6 times daily were
significantly (p< 0.05) higher (worth)
than those fed 2 or 4 times daily,
regardless of amino acids
supplementation (Table 4). These results
may be explained by the findings of
Wang er al. (1998), who reported that
both feed consumption and growth rates
appeared to increase with the number of
meals per day up to three meals; further
increases in feeding frequency did not
resulted in  greater growth and
consequently in bad FCR records.

In this connection, it is well known
that social interactions and dominance
hierarch formation can lead to the
suppression of feed intake and growth of
subordinate individuals (McCarthy er al.
1992 and Jobling, 1994), which may be
the case in the group fed 6 meals a day in
this study, thus 6 meals/ day may
increased the competition on the meal
because the low amount of diet offered
each time in the 6 meal group.

Results of PER (Table 2} show that
the best PER values were obtained by T;
(fed the unsupplemented diet § times/
day) followed in a significant decreasing
order (p< 0.05) by Ty, Ty and T,
however differences in PER among Tj;
T, and Ts were insignificant. Regardless
of feeding frequency (Table 3), averages
of PER as affected by amino acids
(lysine + methionine) supplementation
were found to be 2.42 and 2.35 for the
unsupplemented  and  supplemented
groups, respectively. Differsnce in PER
were significant for the favor of the
unsupplemented group. These results
may due to the significant interaction
between amino acid supplementation and
feed frequency. Furthermore, both
feeding frequencies 2 and 4 times daily
had significantly (p< 0.05) higher PER
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values compared to 6 times daily,
regardless of amino acids
supplementation (Table 4). These results
are in accordance with the findings of
Viola et al. (1992), who reported that
increasing tysine level from 1.75 t0 2.1%
in Nile tilapia diet released negative
effects on protein retention as well as
protein utilization parameters (PER and
PPV). Also Gomaa (1995) reported that
supplementing  Nile  tilapia  diet
containing soybean meal in replacement
with fish meal {100; 50; 25; 6% soybean
meal) with methionine and lysine did not
release significant effects on PER and
FCR. On the other hand, El-Saidy and
Gaber (2002) reported that a dietary
lysine level 2.03% in diets of Nile tilapia
containing 33% Ccp improved
significantly both FCR and PER values.
In agreement with results of the present
study Shiau et al (1989) found that
supplementing methionine to (. niloticus
x . aureus diet containing 67% fish
meal and 33% soybean meal or 33% fish
meal and 67% soybean meal did not
significantly improve FCR, PER and
protein digestibility. Also Viola et al
{1988) noticed thar adding L-methionine
and L-lysine HCl to diets of hybrid
tilapia containing 23% fish meal and

75% soybean meal protein did not
improve FCR and PER. Results
concerning the effect of 7 :ding

frequency of the present study are also in
partial agreement with the finding of Lee
et al. (2000), who reported that different
feeding frequencies had no significant
effects on PER of Korean rockfish,
Results of PPV% (Table 2) showed
that the highest {p< 0.05) value was
attained by Ts followed in a significant
decreasing order (P<0.05) by T;; T, and
Te: T and T respectively. These results
indicate that tilapia group fed the amino
acids (lysine and methionine)
supplemented diets at 4 times/ day was
able to utilize the dietary protein more
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efficient than the other treatment groups.
As presented in Table (3) fish fed the
lysine + methionine supplemented
groups showed higher (p< 0.05) PPV%
values than those fed the unsupplemented
diets. On the other hand, Nile tilapia fed
4 or 6 times daily showed significantly
{P<0.05) better PPV% values (Table 4).
These results are in partial agreement
with the finding of Webster et al, (1992b)
with channel catfish. Results of energy
utilization efficiency % (Table 2),
revealed that the highest EU% was
obtained by fish group Ts; followed in a
significant (P<0.05) decreasing order by
Ts; Ty and Te; T; and T, respectively. As
presented in Table (3) EU% of tilapia fed
the lysine + methionine supplemented
diet had significantly (p< 0.05) higher
EU% than those fed on the
unsupplemented diet. On the other hand,
results of Table (4) indicated that both
fish fed the diet 4 or & times daily had
significantly (P<0.05) higher EU%
compared to those fed 2 times/ day,

Body chemical composition:

As presented in Table (5) averages of
dry matter DM%; crude protein (CP);
either extract (EE), ash and energy
contents Kecal’kg of fish  bodies
calculated on dry matter basis at the
experimental start were found to be
19.73; 51.42; 24.32; 23.21% and 5204.0
Kcal/ kg, respectively. At experimental
termination Te showed the highest
(P<0.05) DM contents followed in a
significant decreasing order by Ts; T;. Ta:
T» and T,. respectively. Regardless of
feeding frequency, results of Table (5)
show that supplementing growing Nile
tilapia with lysine + methionine
increased significantly (P<0.05) DM
contents of tilapia whole bodies. Also
results of the same table revealed that
regardless of amino acids
supplementation  increasing  feeding
frequency from 2 to 4 or 6 times daily
resulted in significant (P<0.05} increase
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in DM contents of tilapia whole bodies.
These results are not in accordance with
results of Gomaa (1995) and Zaghloul
(2005), who noticed that supplementing
Nile tilapia diets with lysine or
methionine did not released significant
effects on tilapia DM contents. The same
trend was observed with CP% contents,
where Tg showed significantly (P<0.05)
the highest CP% contents followed in a
significant decreasing order by Ts: Ti;
T,; Ty and Ty, respectively (Table 5). The
same table shows that supplementing
Nile tilapia diets with lysine +
methionine, improved significantly CP%
contents in tilapia whole bodies
regardless of feeding frequency. Also
resulis of Table (5) revealed CP%
contents in whole tilapia bodies in almost
linear significant order with each
increase in feeding frequency. Similar
trend was also cbserved with EE%, thus
EE contents of tilapia whole bodies
increased significantly (P<0.05) with
amino acids supplementation and feeding
rate. Regarding the effects of feeding
frequency on tilapia body composition,
results of Table (5) are in accordance
with the findings of Lee er al. (2000),
who reported that as feeding frequency
decreased moisture contents in muscles
of Korean rockfish increased, protein
contents were not affected and lipid
contents in muscles; viscera and liver
significantly increased.

Ash contents % in whole titapia
bodies showed the reverse trend
compared to CP and EE, where amino
acids supplementation and feeding
frequency decreased significantly
{P<0.05) ash content in whole tilapia
bodies. Furthermore, results of Table (5)
revealed that group Ty showed the
highest (P<0.05) body energy contents
followed in a decreasing order by Ts; T7;
Ts; T, and T), respectively. As presented
in the same table the main effects showed
that lysine + methionine supplementation
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Table (5) : Chemical composition of whole body of monosex Nile tilapia
(Oreochromis niloticus) fed the experimental diets (% DM),

Nutrient Component (%)

Diet DM Cp EE Ash Energy
(Kcal /Kg)

At the experiment start:
Zero group 19.73%8  51.42%  2432% 2321 5204.08
+0.09 +0.50 +0.03 +0.01 £24.20

At the experiment end:
T 24050 52247 25137 21.35% 532607
Without ! 006  +0.02 +0.04 +0.01 +0.84
1thou 24.78°  52.89° 2545 2075%  5393.03°
supplemental T, £0.03 002 =001 003 +154
amino acids 25.40°  53.45°  25.94°  2025°  5470.78°

T £005  £001  £005 +001  +445
T, 2527¢ 53.02¢ 25.89¢  21.22°  5440.76°

, +0.01  +003 000 =00l +062
With T, 2579 53648 26.12° 20077 549825°

supple m?('i“al +£0.02  +005  £002  £002  +0.20
AMINO A€1es T 26170 5495% 2675 1815  5632.55

+0.03 +0.04 +0.02 £ 0.01 +4.07

a. b, c ete: Means in the same column with different superscripts are significantly different (P< 0.05).

Without  24.74°  52.86°  2551°  20.78°  5396.63°

Effect of
supplemental +0.07 +0.07 +0.05 +0.06 +7.86
amino acids With 25.74° 53.87° 26.25° 19.81° 5524.19°

+0.05 +0.08 +0.05 +0.17 +10.52

a. b, c etc: Means in the same column with different superscripts are significantly different (P< 0.03).

2 24.66°  32.63°  25.51° 2129°  5383.92°
+0.10  +£006  +£0.06 001 +931
Effect of 4 25.20°  5327°  25.79°  2041°  5445.64°
feeding

+0.08 +0.07 +0.05 +0.06 +8.48
6 2579 54.20° 26.35° 19.20° 5551.67°

frequency

+0.07 +0.09 + .07 +0.17 +13.29

a, b, ¢ etc: Means in the same column with different superseripts are significantly
different ( P <0.05)

66



Egyptian J. Nutrition and Feeds (2006)

increased the energy contents of tilapia
whole bodies. Also increasing feeding
frequency from 2 to 4 or 6 times daily
increased significantly (p< 0.03) energy
contents in tilapia whole bodies,
regardless of amino acid
supplementation. Concerning the effect
of lysine and methionine
supplementation results of Table (5) are
not in agreement with the findings of
Gomaa (1995); Webster ez al (1992 a, b)
and Zaghloul (2003). whoe reported that
dietary supplementation of lysine and
methionine to Nile tilapia diets released
insignificant effects on body chemical

composition,
Based on the results obtain in the
present study it could be highly

recommended to supplement the diets of
Nile tilapia with amino acids lysine and
methionine to reach 30% over the NRC
(1993} recommended levels for better
growth  performance and nutrient
utilization results. Also results may lead
to recommend a feeding frequency 4 to 6
times  daily for  better growth
performance and feed utilization of Nile
titapia.

REFERENCES

Andrews, J.W. and J.W. Page (1974):
Growth factors in  fish meal
component of catfish diets. J. Nutr,
104: 1091-1096.

Andrews, J.W. and J.W. Page (1975):
The effects of frequency of feeding
on catfish. Trans. Am. Fish. Soc. 104:
317-32L

AOAC, (1995). Association of Official
Analytical Chemists, Official
Methods of Analysis, 16" Edn.
Arlington. VA, USA,

Devab. M.S. and D. El-Said (2002):
Complete replacement of fish meal by
soybean meal with dietary L-Lysine
supplementation for male tilapia. J.
World Aquaculture. Soc. 33:3.

67

Dos Santos. J. and M. Jobling (1995):
Test of a food consumption for the
Atlantic cod. ICES. 1. Mar. Sci 52:
209-219.

Duncan, D.B. (1955): Multiple range
tests and multiple F tests. Biometrics
11.1-42.

El-Dahhar, A.A. and K. El-Shazly
{1993): Effect of essential amino
acids (methionine and lysine) and
treated oil in fish diet on growth
performance and feed utilization of
Nile tilapia (Tilapia nilotica L.),
Aquaculture and Fisheries
Management, 24: 731-739.

El-Saidy, D.M.S.D. and M.M.A. Gaber
{2002); Complete replacement of fish
meal by soybean meal with dietary L-
lvsine  supplementation for Nile
tilapia (Oreochromis niloticus L.)
fingerlings. Journal of the World
Aquaculture Society 33: 297-306.

Fiowerdew, M. W. and D.J. Grove
{1979): Some observations of the
effects of body weight, temperature,
meal size and quality on gastric
emptying time in turbot, Scopthalmus
(L) using radiography. J. Fish Biol.
14:229-238.

Gomaa AMH. (1995): Utilization of
some free essential amino acids in
complete diets of Qreochromis
nifoticus. M. Sc. Thesis, Department
of Animal Production. Faculty of
Agric., Ain Shama Univ. Cairo.

Grayton, B.D. and F.W.H. Beamish
(1977): Effects of feeding frequency
on food intake. growth and body
composition of rainbow  trout
{Oncorhynchus mykiss). Aquaculture,
11: 159-172.

Grove, D)., and C. Crawford (1980);
Satiation amount frequency of
feeding and gastric employing rate in
Salmo gairdneri. 1. Fish Biol. 12:
507-316.

Grove, D.J., L. Lozoides and J. Mott
(1978): Satiation amount, frequency



Abdel-Hakim et al.

of feeding and gastric emptying rate
in Salmon gairdneri . ). Fish Biol. 12:
507-516.

Hofer, R., H. Forsmer and R.
Rettenwander (1982): Duration of gut
passage and its dependence on

temperature and food consumption in
roach Rutifus rutufus L.. laboratory
and field experiments. J. Fish Biol.
20: 289-299.

Holmgren, S., D.J. Grove and D.J.
Fletcher (1983} Digestion and
Contro! of Gastrointestinal Motility.
In: Rankin J.C., Pitcher T.J., Dugan,
R.T (Eds), Control Processes in Fish
Physiology. Wikly, New York, NY,
USA, pp. 23-40.

Jackson, A.J. and B.S. Copper (1982):
Investigation into the requirements of
the tilapia, (Sarotherodon
mossambicus) for dietary methiconine,
tysine and arginine in semisynthetic
diets. Aquaculture, 29: 289-297.

Jobling, M. (1980): Gastric evacuation in
plaice, pleuronectes platessa L.
effects of dietary energy level and
food composition. J. Fish Biol. 17:
187-196.

Jobling, M. (1983): A short review and
critique of methodology used in fish
growth and nutrition studies. J. Fish
Biol. 23: 685-703.

Jobling. M. {1994): Fish Bioenergetics.
Published by Chapman & Hali,
London. SEI 8 HN, UK, Series 13,
First Edition, Pp.3.

Lee, S.M., U.G. Hwang and S.H. Cho
(2000): Effects of feeding frequency
and dietary moisture content on
growth, body composition and gastric
evacuation of juvenile Korean
rockfish (Sebastes schiegelr).
Aquaculture, 187: 399-409.

Liu, F., and L.C. Liao (1999): Effect of
feeding regime on the food
consumption, growth, and body
composition in hybrid striped bass

68

Morone saxatilis x M. chrysops. Fish,
Sci. 65: 513-519.

McCarthy, 1.D., C.G. Carter and D.F.
Houlthan (1992): The effect of
feeding hierarchy on individual
variability in daily feeding of rainbow
trout, Oncorhynchus Mykiss
(Walbaum). J. Fish Biol. 41: 257-263.

Murai, T., T. Akiyama, H. Ogata, Y.
Hirasawa and T. Nose {1982): Effect
of coating amino acids with casein
supplement to gelatin diet on carp.
Bull. Jap. Soc. Scient. Fish, 48: 703-
710.

Murai, T., H. Ogata, P. Kosutarak and S.
Arai (1986): Amino acids
supplementation and  methionine
treatment on utilization of soy flour
by fingerling carp. Aquaculture, 56:
197-206.

Murai, T., W. Dazun and H. Ogata
(1989 Supplementation of
methionine to soy flour diets for
fingerling carp. (Cyprinus carpio).
Aquaculture, 77: 373-385.

NRC (1993): Nutrient Requirements of
Fish. National Research Council,
National Academy Press,
Washington, D.C. 114 pp

Nordrum, S., A. Krogdahl, C. Rosjo,
LI, Qlli and H. Holm (2000):
Effects of methionine, cysteine
and medium chain triglycerides on
nutrient  digestibility, absorption
of amino acids along the intestinal
tract and nutrient retention in
Atlantic salmon (Safmo salar L)
under pair- feeding regime.
Aquacufture,186:341-360.

Persson, 1. (1981): The effects of
temperature and meal size on the rate
of gastric evacuation in perch (Perca
Slwviatilisy fed on fish [arvae. Fresh.
Biol 11:131-138.

Riche, M.A. (2000} Effect of Phytic
Acid on Nitrogen Retention in Tilapia
(Oreochromis niloticus). Dissertation.



Egypiian J. Nutrition and Feeds (2006)

Michigan State University. East
Lansing. Michigan, U.S.A, P. 166.
Riche, M.D.L, M. Holey, 8. Oetker,
Grabrecht and D.L. Garling (2004):
Effect of feeding frequency on gastric
evacuation and the return of appetite
in tilapia. Aquaculture, 234: 657-673,

Santiago, C.B. (1986): Amino acid
requirement of Niie tilapia. Ph. D.
Thesis Auburn University,

Santiago, C.B. and R.T. Lovell (1988):
Amino acid requirement for growth
of Nile tilapia. J. Nutr, 118: 1540-
1546,

Shiay, S.Y., J.C. Chuang and C.L. Sun
(1987): Inclusion of soybean meal in
tilapia (Oreochromis niloticus x Q.
aureus) diets at two protein levels.
Aquaculiture, 65: 251-261.

Shiau, S.Y., C.C. Kwok, J.Y. Kwang,
CM. Chen and S.L. Lee (1989):
Replacement of fish meal with
soybean meal in  Nile tilapia
{Oreochromis niloticus x O. aureus)
fingerling diets at a suboptimal
protein level. J. World Aquaculture.
Soc. 20 (4): 230-235

Siraj, S.5., Z. Kamaruddin, MK.A.
Statar and M.S. Kamarudin {1988):
Effects of feeding frequency on
growth food conversion and survival
of red tilapia (Oreochromis
mossambicus/ 0. niloticus) hybrid
fry. In: Puttin, R.S.V., Bhukaswan. T.
Toneuthai. K. Maclean. J. L. (Eds).
The Second International Symposium
on Tilapia in Aquaculture. [CLARM.
Conference Proceedings, 15
Department of Fisheries Bangkok
Thailand and [CLARM. Manila.
Philippines. Pp. 383-386.

SAS (1999): Statistical Analysis System,

SAS/ STAT User's
Institute, Cary, NC.
Tsevis, N, S. Klaoudatos and A. Conides
(1992): Food conversion budget in
sea bass, Dicentrarchus labrax
fingerlings under two different

Guide. SAS

69

feeding frequency
Aquaculture, 101: 293-304.

Viola, S., S. Mokay, U. Rappaportand Y.
Arieli (1982): Partial and complete
replacement of fish mea} by soybean
meal in feed for intensive culture of
carp. Aquaculture, 26: 223-236,

Viola, S.,, A. Yeruhan and G. Zohar
(1988). Unusual feedstuff (Tapioca
and Lupin} as ingredient for carp and
tilapia feeds in intensive culture.
Bamidgeh, 40(1); 29-34.

Viola, §., Lahav, E. and Angeoni, H.
{1992); Reduction of feed protein
levels and nitrogenous N-excretions
by lysine supplementation in
intensive carp culture. Aquatic Living
Resources, 5: 277-285.

Wang, N., R.S. Hayward and D.B. Noltie
(1998): Effect of feeding frequency
on food consumption, growth, size
variation and feeding pattern of age-0
hybrid sunfish Aquaculture, 165: 261-
267.

Webster, C.D.,, D.H. Yancey and J.H.
Tidwell {1992a); Effect of partially or
totaily replacing fish meal with
soybean meal on growth of blue
catfish (fetalurus Jurcatus).
Aquaculture, 103: 141-152,

Webster, C.D., J.H. Tidwell, L.S.
Goodgame, D.H. Yancey and L.
Mackey (1992b). Use of soybean
meal and distillers grains with soluble
as partial or total replacement of fish
meal in diets for channel catfish,
fetalurus  punctatus.  Aquaculiure,
106: 301-309.

Windell, J.T., D.O. Norris, L.F. Kitchell
and J.S. Norris (1969): Digestive
response of rainbow trout, Salmo
gairdneri fed three pelleted diets. J.
Fish Res. Board Can. 26, 1801-1812,

Zaghloul, AM.A. (2005). Nutritional
Studies on Nile tilapia reared in tanks.
M. Sc. Thesis, Department of Animal
Production. Faculty of Agric., Al-
Azhar Univ., Cairo, Pp. 121.

patterns.



Abdel-Hakint et al.

st ,‘,.EL.“ Al sailt il o Ol ginall g Ol (e Adle il gl ABla) il
Mmu‘ydmudsu.\:ﬂ.‘a.dl

Is._.nj_a."..!._.a.a.n.}.._a._a.d'lgﬁ_g_.‘.uﬂl- g.! |d_.adﬁ.\_lh. P.\—S.;“.\—lﬁu_dﬁd._l.u
Jlﬂ}wﬂlwuujll.m

5 AL - A 591 Aaaly L e 3 S L ) guadl U il

C A E 0. Aet i Sigaddl 3 se. S gal) LYY & pay dgma. LAY aldil & pay and
Buall

3L Y s s Ae AL el ALY oy Sandl g ) T ol s Al jall s2e g ol
AERETATARNNA B REEFLTANUN-S I EY

Leaaal) g lase o4 S pame Rl Bl b Ve, iS00 Sl b Rl A0 338 a5
S5 agie (5 e e IS (Lagba g el gy AN SLalia ) (358 O el g Oyl e VT BB
((a_,.m 3_)& Tk T)M_u.ﬂl;__:l)n_..}:.lub}.u

E&Jﬂ@i&jﬁ) -ulma_)_ﬂads L\.ql'ljd_gﬁ_ﬁl.:.\m ; %ﬁﬁ;wh‘)ﬁl ml);lgsm):;mhu_);\
EAU‘SL@J\QJM| Lu.“n..alﬁjst}.\u\\' bd&.«d—l_)&-j.u..l)ﬂd.-l ‘.SA..:‘.-LG.NJSE‘QJJJAU‘:l_,;l
(3 e 2l g Agiadll 55 U gine Craas DlalEaVY (B8 VT e i g finall g el ABLa) @
Jara o g gina AU Ll Gl ALY i aay 5 a A ey Saliedt BLN ol 6 Satadll 0 Al
Rt FL PO B TS LU EPLORLANEN EPRYRLA PR TR R S R AU SRR P NG BV IR PR
5 A B S iy o gl el Janey IS el Jane e g gine 80 el 040

Al 5 gl il e g aiea 5 AN e sae 5 Al alea AL al e B e
JE Y

70





