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Abstract

This study was carried out at the Central Laboratory for Aquacul-
ture at Abbassa, Abou-Hammad, Sharkia, Agricultural Research Centre.
This experiment aimed to investigate the influence of dietary energy and
protein levels (different P/E ratios) with different percentages of fish
meal protein to soybean meal protein (FM:SM ratios) on growth perfor-
mance of Nile tilapia, Oreochromis niloticus, fingerlings. The experiment
started on 29/3/1995 and lasted for 98 days. Sixteen concrete ponds
{each pond had a total area of 24 m?) were kept dried for about one
month in order to remove all aquatic weeds. After this period, all ponds
were divided into 3 pens (total area 8 m?) representing 3 replicates. All
ponds were filled with fresh water for about one week before stocking
the fish. Each pond was provided with flow water from Ismailia canal to
keep the pond clean and air stones used to keep proper level of aeration
in the water. A total of 768 Nile tilapia, Oreochromis niloticus, fingerlings
were obtained from Abbassa hatchery. The experimental fish were
healthy, free of any parasites and had an average weight 35.50g + 0.20
with average total length 13.00 cm % 0.02 at collection time. Tilapia fin-
gerlings were taken randomly and transferred with special care after
weighing, and distributed into the experimental sixteen ponds to repre-
sent 16 nutritional treatments (3 replicates for each nutritional treat-
ment). Tilapia were stocked in pond using the optimum stocking rate of
tilapia (2 fish/m?) (16 fingerlings per each pen).

Two metabolizable energy levels (3000 and 3500 Kcal/Kg diet)
and two protein tevels (30 and 35%) were used to prepare four protein/
energy ratios (CP/E ratio, mg/Kcal/Kg diet) (100, 110, 80 and 100).
Four replacements were done between dietary soybean meal protein and
fish meal protein (30% : 60%; $0% : 50%; 50% : 40% and 60% : 30%)
as fish meal: soybean meal, respectively, from the percentage of protein
in each diet in a 4 X 4 factorial manner.

Improvement of tilapia body weight gain, specific growth rate and
feed conversion ratio were achieved when dietary P/E increased, while,
decreased dietary P/E ratio reduced feed consumption and increased
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condition factor. The results for the above parameters of tilapia perfor-
mance increased significantly (P<<0.05) with increasing fish meal protein
on the expenses of soybean meal protein in all experimental diets, and
highest values were obtained for fish fed diets containing 60:30 fish
meal protein : soybean protein.

INTRODUCTION

Animal protein shortage for human consumption in Egypt faces a great problem,
fish meat is considered one of the best animal protein source for human nutrition. Rais-
ing fish is a main subject in the map of nutritional security strategy in Egypt.

Tilapia is an important food fish in many tropical and subtropical countries. Tila-
pia are somewhat easy cultured due to their high tolerance to adverse environmental
condition, their relatively fast growth and ease with which they can be bred. The suc-
cess of intensive and semi-intensive fish culture depends to a large extent on supple-
mental feeding, especially the dietary protein which is the most expensive component.
Protein is responsible for large part of the cost of most prepared feeds. Excess dietary
protein will be used for energy and lead to an increase in ammonia excretion. El-Dahhar
and Lovell (1995) have demonstrated that over an adequate range of dietary protein
energy, the diet with optimum P/E ratio produced the best growth and feed utilization
of tilapia (O. mossambbicus) fingerlings. The optimum PIE ratio is economically impor-
tant for fish producers to produce maximum amount of fish at minimal cost. Fish nutri-
tionists have tried to use less expensive plant protein sources to partially or totally re-
place fish meal.

The present study is designed to investigate the influence of different protein to
energy {mg protein/Kcal ME) ratios with various ratios of fish meal protein to soybean
meal protein (FM: SM ratios) on the performance of Nile tilapia, Oreochromis niloticus,
fingerlings.

MATERIALS AND METHODS

This study was carried out in the Central Laboratory for Aquacultural Research at
Abbassa, Abou-Hammad, Sharkia Governorate.

Sixteen concrete ponds (each pond had a total area of 24 m? and water depth
1m) were kept dried for about one month in order to remove all aquatic weeds. After
this period, all ponds were divided into 3 pens (total area 8 mz) representing 3 repli-
cates. All ponds were filled with fresh water provided from Ismailia canal. Air stones
used to keep proper level of aeration in the water. The experimental fish had an aver-
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age weight 35.50g + 0.20 with average total length 13.00cm + 0.20. Tilapia finger-
lings were taken randomly and stocked in ponds at a rate of 2 fish/m? (16 fish per

each pen).

Two metabolizable energy levels (3000 and 3500 Kcal/Kg diet) and two protein
levels (30and 35%) were used to prepare four protein/energy ratios (CP/E ratio, mg/
Kcal/Kg diet) (100,110, 90, and 100). Four replacements were done between dietary
soybean meal protein and fish meal protein (30%:60%; 40%:50%; 50%:40%; and
60%:30%) as fish meal: soybean meal, respectively, from the percentage of protein in
each diet in a 4x4 factorial manner. Table 1 illustrated a summary of the experimental
design and the chemical composition of the ingredients, and experimental diets are
shown in Tables 2 and 3, respectively, while, the amino acids composition of ingre-
dients were shown in Table 4.

For the experiment, fish were offered their diets at a rate of 3% of total biomass
of fish per day. The amount of all the experimental diets were divided into two equal
portions and fed in pelleting form (2mm) two times at 10 a.m. and 3 p.m. for 7 days
weekly. Every fourteen days, the fish in each pond were weighed and the amount of
feed was adjusted according to the change in body weight throughout the experimen-
tal period.

Physiochemical characteristics of pond's water, during the experimental periods
were obtained biweekly at 6:00 a.m. Water temperature and dissolved oxygen (D.O.)
were measured daily using a temperature oxygen meter model (Model YSI 57). pH was
measured weekly by electrode pH meter model (Jackson, 1973). Ammonia was ana-
lyzed by a comparison apparatus No. 1854 (APHA, 1980).

Feed conversion ratio was calculated from the following equation:

Total feed consumption
Feed conversion ratio (FCR) = p )

Final body weight - Initial body weight

Final bod ight (g) - Initial bod ight
Average daily gain (ADG) = bocy Weloht:w) = Inltjal oy wield

Time (days)

Specific growth rate (SGRR%) = [(Ln wt1 - Ln wt0/T)] x 100
Where: Ln = Natural Log

wt0 = Initial body weight (g)

wt1 = Final weight (g)

T = Time in days between the two weighing
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Condition factor (K) = 100 [weight g/total length®cm]

To determine amino acids content ingredients, one sample of each ingredient
was hydrolyzed with 6N HCL for 20 hours at 110°C according to the method of Moor
et al., (1958). Amino acid pattern of the acid hydrolysates was determined by amino
acid analyzer (Beckman model 121).

The statistical evaluation of results was carried out by SAS program (1988).
Duncan's new multiple range test was conducted to determine the significant differenc-
es between means (Duncan, 1955).

The profitability of pond tilapia culture was calculated according to Green
(1992).

RESULTS AND DISCUSSION
Water Quality

Average water quality measurements obtained from different experimental
ponds were shown in Table 5. The average of water ammonia content {(mg/l) among
ponds during the experimental periods ranged from 0.04 at the end of March to 0.34
(mg/l) at the beginning of July. Inversely, dissolved oxygen ranged from, as low as
4.73 (July) to, as high as 6.27 mg/l (March). However, pH value ranged with a little bit
increment from 7.23 to 7.68, and the average water temperature during the experi-
mental period increased gradually from 21.80 to 27.25 through the experimental peri-
od.

The average water content of ammonia, dissolved oxygen, pH and temperature
were suitable for growth of Nile tilapia, Oreochromis niloticus. Shepherd and Bromage
(1992) showed that the dissociation of ammonia (NH3) in water was heavily dependent
on both pH and temperature. At water temperature, 15°C, to achieve the 0.02 mg/I
NH3; maximum level would require a total ammonia level of 22.2 mg/l at pH 6.5, where-
as, at pH 8.5, only 0.3 mg/l total ammonia level would yield the same quality of toxic
free ammonia. Practically, below pH 7, ammonia is unlikely to represent a health prob-
lem in fish farms, but relatively low levels of total ammonia at higher pH levels are dan-
gerous. Shepherd and Bromage (1992) found that, carp, catfish and tilapia can with-
stand dissolved oxygen level of below 2 mg/I, for short period (e.g. over night). In this
connection, Reite et al., (1974) indicated that tilapia tolerated a range of pH between

. 5-11 which had no ill effect in 24 hour test period, while, at pH lower than 3-4 or
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above 12 caused 100% mortality in 2-6 hours for brackish water. Maske (1985) re-
ported that the water temperature must be kept above 24°C for optimum growth of ti-
lapia.

The data indicated that dissolved oxygen, temperature, ammonia and pH values
of water had no negative impact in tilapia performance, and none of the values for the
above mentioned parameters during the experimental period were found to be outside
the normal range of tolerance for Nile tilapia.

Tilapia Performance

The performance of tilapia fed diets containing different protein/energy (P/E) ra-
tios at different replacement ratios between dietary fish meal protein: dietary soybean
meal protein are presented in Tables 6 and 7. Averages of initial live body weight of ti-
lapia ranged between 35.22 and 35.90 g+0.12. No significant difference in initial
weight among the experimental treatments was observed indicating the accuracy of
randomization process between and within the experimental treatments.

Analysis of variance of final live body weight, average body weight gain, specific
growth rate and feed conversion ratio indicated that the differences between treat-
ments were significant (P<0.05) (Table 6). Influence of protein/energy (P/E) ratio, re-
gardless of different replacement ratios between dietary fish meal protein: soybean
meal protein (FM: SM) ratios on tilapia final body weight, average body weight gain,
specific growth rate and feed conversion ratio, (Table 7), showed a significant differ-
ences (P<0.05) among the experimental treatments. The fish fed diets of 100 P/E ra-
tio was more significant (P<0.05) than other P/E ratios for all previous performance pa-
rameters, while, condition factor had higher significant differences (P<0.05) for fish fed
diets of 90 P/E ratio than other P/E ratios. In this connection, El-Dahhar and Lovell
(1995) found that optimum ratio for, O. mossambicus, fish required for rapid growth
was obtained with a diet containing 99.61 P/E ratio at an initial weight 5..19 and fed a
25% protein.

Regardless of P/E ratio, statistical analysis revealed that the final live body
weight, average body weight gain, specific growth rate and feed conversion ratio of ti-
lapia increased significantly (P<0.05) with increasing fish meal protein than soybean
meal protein in all experimental diets. The highest values were obtained for fish fed
diets containing 60: 30 fish meal protein: soybean meal protein (FM: SM) ratio, Table 7.
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Soybean meal has one of the best amino acid profiles among plant protein feed-
stuffs and its composition meet the essential amino acid requirements of many fishes.
Replacement of fish meal with soybean meal showed variable success. The balance of
available essential amino acids in the experimental diets containing different combina-
tions of fish meal and soybean meal met the essential amino acid requirements of Nile
tilapia, O. niloticus, according to NRC (1993) except for marginal deficient in methio-
nine content (Tables 5 and 86).

The diet containing 110 (P/E) ratio and 60:30 (FM:SM) ratio seemed to be suffi-
cient for growth of tilapia O. niloticus, fingerlings under commercial culture condition.
These results are in agreement with the findings of Winfree and Sickney (1981) who
found that the optimum protein to energy (P/E) ratio for rapid and efficient gain of tila-
pia, O. niloticus, being, 108 mg protein/Kcal of diet.

Significant differences (P<0.05) were observed for the average daily gain (ADG)
and specific growth rate (SGR) during the whole experimental period. The higher ADG
and SGR were recorded for fish fed diet containing 110P/E ratio at 60:30 FM: SM ratio.

Regardless of the FM:SM ratio, protein to energy (P/E) ratios have an influence
on ADG and SGR. Analysis of variance revealed that, the differences between P/E ratios
were significant (P<0.05). Fish fed diets containing 110 P/E ratio have ADG and SGR
more significant (P<0.05) than fish fed diets containing other P/E ratios. The results
agreed with those findings of Jauncey (1982) who found that the maximum growth of
O. mossambicus was obtained when fed diet containing 40% CP and 116.6 mg crude
protein/Kcal. He added that the SGR increased almost linearly with increasing dietary P/
E ratios (up to 40% dietary protein), and then, reached a plateau, decreasing only
slightly at higher dietary protein levels (48% and 56%). In this connection, Tacon and
Cowey (1985) concluded that SGR was positively correlated to the dietary protein.

Regardless of dietary P/E ratio, FM:SM ratio has a significant (P<0.05) effect on
ADG and SGR. Fish fed diets containing 60:30 FM:SM ratio have ADG and SGR signifi-
cantly (P<0.05) higher than fish fed diets containing other FM:SM ratios. These results
agreed with the findings of Shiau et al.,(1987) who found that feeding the optimal die-
tary protein level (32%), partial replacement of fish meal protein with protein from soy-
bean meal (70% FM+30 SM) depresses weight gain in tilapia (O. niloticus X O aureus).

Concerning feed conversion ratio (FCR), data of Table 6 showed significant dif-
ferences (P<0.05) between experimental treatments, the better values of FCR (lower
.ratio) were recorded for treatments B4, B3, B2 and B1, respectively, in a decreasing
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order. Regardless of FM:SM ratios, dietary P/E ratios have a significant (P<0.05) effect
on the means of averages FCR for different experimental treatments (Table 7). The
worst ratio of FCR was recorded for fish fed diets containing 90 P/E ratio than 110 P/E
ratio (better ratio). The results indicated that tilapia fed 110 P/E ratio had significantly
(P<0.05) the highest body weight with significantly (P<0.05) the least feed conversion
ratio. It means that fish utilized feed more efficiently when the dietary P/E ratio was
raised up to 110 mg protein/Kcal metabolizable energy. The results agreed with the
findings of El-Dahhar and Lovell (1995) for O. mossambicus at 107.2 mg protein/Kcal.

Concerning FM:SM ratio, regardless P/E ratio, fish fed diet containing FM:SM ratio
at 60:30 had the highest final body weight with the ieast feed conversion ratio (Table
7). The tabulated result agreed with those reported by Jackson et al., (1982) who ob-
served the best feed conversion ratio (1.97) when O. mossambicus fed diet containing
25% replacement of fish meal protein by soybean meal protein. They added that, with
increasing level of soybean meal in diets, the feed conversion ratio increased.

Generally, the optimum growth performance and feed conversion ratio for tilapia,
O. niloticus were obtained with a diet containing 110 mg protein/Kcal metabolizable
energy (P/E) ratio at 60:30 fish meal protein: soybean meal protein (FM: SM) ratio.

Economic Evaluation

The enterprise budgets for production pond stocked with tilapia, O. niloticus, fed
different protein to energy (P/E) ratios fish meal protein to soybean protein (FM:SM)
ratios for 98 days grow-out are shown in Table 8. The results indicated that the high-
est fish production (Kg/pond) and profits (L.E./pond) were observed for fish fed diets
containing 110 (P/E) ratio (35% CP with 3000 Kcal ME) followed by 100 (P/E) ratio
(35% CP with 3500 Kcal ME) and 110 (P/E) ratio (30% CP with 3000 Kcal ME), while,
the lowest values were obtained for 90 (P/E) ratio (30% CP with 3500 Kcal ME).

Concerning, the cost of feed consumption (L.E./pond) and the cost of produc-
tion fish (L.E./pond), the highest values were observed for fish fed diets containing
100 (P/E) ratio (35% CP with 3500 Kcal ME) followed by 110 (P/E) ratio (35% CP
with 300 Kcal ME) and 90 (P/E) ratio (30% CP with 3500 Kcal ME), while, the lowest
values were observed for fish fed diets containing 100 (P/E) ratio (30% CP with 3000
Kcal ME).

Irrespective P/E ratios, the FM:SM ratios have an influence on fish production
(Kg/'pond), cost of feed consumption (L.E./pond), cost of fish production (L.E./pond)
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60:30 followed by 50:40 (FM:SM) ratio, while, the lowest values were recorded for fish
fed diets containing 30:60 and 40:50 (FM:SM) ratios, respectively.

It could be concluded that the diets containing 110 (P/E) ratio with 60:30
(FM:SM) ratio seemed to be sufficient for optimal growth of O.niloticus fingerlings un-
der commercial culture condition in this experiment.
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Table 2. Amino Acids Composition of Ingredients.

Ingredients
Amino acids (EA, A, S) Yellow Comn Soybean meal Fish meal
g/16aN %  g/169N %  g/169N %

Arginine 4.94 0.43 7.53 3.32 6.44 4.64
Histidine 2.99 0.26 2.83 1.25 2.34 1069
Isoleucine 4.02 0.35 4.54 2 4.2 3.03
Leucine 13.91 1.21 7.53 3.32 6.96 5.02
Lysine 2.87 0.25 6.3 2.78 7.78 5.61
Methionine 1.95 0.17 1.43 0.63 2.86 2.06
Methionine + Cystine' 4m 0.41 2.97 1.31 3.58 2.58
Phenylalanine 5.52 0.48 5.03 242 3.66 2.64
Phenylalanine + Tyrosine?! 9.08 0.79 8.79 3.88 6.5 4.69
Threonine 3.22 0.28 3.88 Iy 3.97 2.86
Tryptophan®) 0.92 0.08 1.45 0.64 1.07 0.77
Valine 5.06 0.44 4.6 2.03 5.65 4.07
Crude protein (%) 8.7 441 721

(1) Cystine included as 2.76, 1.54 and 0.72 % from protein and 0.24, 0.68 and
0.52 % from ingredients of yellow corn, soybean meal and fish meal, respectively.

(2) Tyrosine included as 3.65, 3.76 and 2.84 % from protein and 0.31, 1.66 and
2.05 % from ingredients of yellow com, soybean meal and fish meal, respectively.

(8) Tryptophan (Not determined) values obtained from Table of NRC (1993).
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