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ABSTRACT 

 
The current general economic and food crises have generated an unsettled 

future for food and feed production and prices in general . Increasing demand , prices 
and fluctuations in supply in world markets for fish meal , fish oil, soybean meal and 
maize emphasize the need to reduce the dependence of the fish feed industry on 
these ingredients by increasing choices among a wider range of raw materials .The 
objective of the present study was to investigate the effects of partial replacement 
three different levels (25%, 50% and 75%) of the crude protein as fish meal (FM ) 
protein in a reference (control) diet by peas waste protein ( PW ) and Tomato pomace 
(TP) protein  as plant protein sources incorporated into the balanced diets on growth 
performance, feed utilization,body composition and economic efficiency of sex-
reversal juvenile male Nile tilapia (Oreochromis niloticus),  for 14 weeks experimental 
period . Groups of experimental fish (initial average weight 2.99 ±0.48g) were fed one 
of 7 isonitrogenous (30% crude protein) and isocaloric (4200 kcal Gross energy /kg 
dry matter).Test diets, with two replicates ( 20 fish / aquarium). The present results 
showed that  replacement of FM by Pw and TP  did not significantly affect difference  
for all growth performance ( BW, BL, ADG,SR,SGR , K ), feed utilization (FI,FCR ,FE , 
PER , PPV , ER, EU.) between feeding diet control (D1) and the other six diets. Also 
economic efficiency showed that the reduction of feed costs was easily observed for 
the feed costs per Kg weight gain which decreased with increasing incorporation 
levels of PW and TP. This study concluded that partial replacement of fish meal 
protein with peas waste protein or tomato pomace protein as plant protein sources in 
tilapia diets resulted in better growth and feed performance . From the all 
aforementioned results, it could be detected that PW or TP could be utilized by Nile 
tilapia safely and efficiently as alternative protein instead of 50% of FM without 
adverse effects on the growth performance of Nile tilapia. In addition , these plant 
protein sources are locally available at much lower prices than imported fish meal.  

 
INTRODUCTION 

 
Egypt is the leading aquaculture country, especially fresh water 

aquaculture  in Africa . The national government aims to increase the animal 
per capita consumption of fish and to ensure the availability of low-priced fish 
to the consumer by increasing national production . Increasing demand, 
prices and fluctuations in supply in the world markets for fishmeal, fish oil, 
soybean meal, maize and wheat meal, emphasize the need to reduce their 
incorporation in feeds and at the same time increase the range of raw 
material sources. 

Pea waste and tomato pomace was selected as the best candidates for 
the production of protein candidates for the production of protein 
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concentrates and local byproducts. The plant ingredients were include at 
three levels to replace 25%, 50% and75%  of the protein supplied by fish 
meal in order to provide an indication of their potential in Nile tilapia as feeds. 
Field or feed or green pea (Pisum sativum L.) is a legume with potential due 
to the fact that it has been used in livestock feeds for a long time as a source 
of energy and protein, but has only recently been evaluated in feed for 
aquatic species (Davis, et al., 2002). The average protein content of whole 
peas is around 21% which is low compared to soybean, but it is high 
compared to cereals, and it is rich in starch (around 45%) and has an energy 
content of 15.8kJg

-1 
(Sauvant et al., 2004).  

Field peas have been evaluated as potential feed ingredients, whole or 
dehulled, raw or processed, for several aquatic species including European 
seabass (Gouveia and Davies, 1998; 2000), , Atlantic salmon (Carter and 
Hauler, 2000), rainbow trout, turbot (Burel et al., 2000).In general most 
studies indicated that dehulled peas and extruded pea seed meal have higher 
Apparent Digestibility Coefficients (ADCs) for energy and crude protein than 
whole or raw peas respectively (Davis et al., 2002; Thiessen et al., 2003). 
Tomato waste is one of the canning waste which tried by many workers could 
be used in fish diets, Hassanan et al.,1995, Saad 1998and Soltan, 2002).The 
processing of tomatoes yields several by-products such as seeds and peels 
which are mostly classified as tomato pomace, tomato seed meal, tomato 
seed cake and tomato seed oil (soltan, 2002). 

According  to  Ministry  of  Agriculture  Reports  during  years  1985 
1987 the  average  annual  production  of  tomato  in  Egypt was  about  2  
million  tons.  

 Also Khadzhnikolova and Tomasyan (1984) found that, carp fish fed a 
control diet containing sunflower oil meal partially or completely replaced by 
tomato waste showed an improved feed efficiency.The present study aimed 
to investigate the effects of partial substitution of the dietary fish meal protein 
with incorporation of Peas waste (PW) and Tomato Pomace (By-product) 
(TP) as agro-industrial by-products protein obtained from canning industry on 
the growth performance, utilization of nutrients, whole body composition, and 
economical efficiency of juvenile male Nile tilapia (Oreochromis niloticus) 
reared in glass aquaria. 

 
MATERIALS AND METHODS 

 

The experimental in of the present study was performed at the 
experimental fish culture in glass aquaria system with closed water 
recirculation belonging to the fish production section, Animal production 
department, faculty of agriculture, Al-azhar university, Cairo, Egypt The 
experiment started on the 20

th 
of July, and lasted at 4

th
 of November, 2009 for 

14 week. 
Experimental design:   

The experimental were designed using the complete randomized 
block design .The experimental rearing system consisted of a series 14th 
glass aquaria. Each glass aquaria containing 72 liters water volume were 
used. The water supply of these experimental aquaria was the drinking tap 
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water which derived the mechanical filter reservoir via a pump to another two 
fiberglass tanks 5 M3 capacity.  

Experimental fish: 
The fish used in this study were sex-reversal juvenile male Nile tilapia 

(Oreochromis niloticus), were purchased from a private tilapia hatchery in 
Abbassa, Sharkiya Governorate. There after the fish were randomly 
distributed into 7thgroups represented one of the dietary treatments and 
stocked randomly distributed in the experimental aquaria at a density of 10 
fish/ glass aquaria,with an average of2.99 ± 0.48 g initial weight, and average 
initial length was 5.45± 0.16 cm. 
Diets formulation: 

Tomato pomace and peas waste were obtained from Edfina 
company of preservation feedstuffs Nutrient analysis of each ingredient used 
in the experimental diets are included in table (1). Seven experimental diets 
were formulated(table2) to be Isonitrogenous (30% crud protein )and 
isocaloric (4200 kcal kg ).The experimental diets varied only in their protein 
sources. The first diet (control feed D1) contained fish meal as the main 
protein source which served as the major protein ingredient of the reference 
diet   with a small amount of protein supplied by Wheat bran (7.7 % crude 
protein) and soybean meal (44% crude protein).The experiment was made up 
of two trials, the first feeds trial was formulated to contain a 25%(D2) , 50% 
(D3) and 75% (D4) replacement of fish meal protein from pea waste (PW). In 
the second feeds trial, 25%(D5) , 50%(D6) and 75% (D7) of the fish meal 
protein was replaced by protein from tomato pomace (TP). Substitution was 
made on the basis of fish meal as the main protein source content of the 
control diet (D1). The composition and nutrient analysis of the experimental 
diets are displayed below in table (2). Dry experimental ingredients diets were 
mixed and then  prepared by fine grinding of the dietary ingredients. 
Thereafter all ingredients included in each experimental diet were mixed 
thoroughly and produced in a pelleted form (0.2 cm. in diameter) using 
mincing machine after mixing with 25% of water. The experimental pellets 
were sun dried and stored in good storage conditions till the experimental 
start. 
 
Table (1): Nutrient  analysis of the ingredients used in the experimental 

diets 

* Calculated by differences[Nitrogen free extract (NFE) =100-(CP +EE +CF +Ash)]    
** Estimated according to NRC (1993). Using the factor 5.65, 9.45 and 4 for crude protein, 

ether extract and carbohydrate, respectively.   

Ingredient DM% CP% EE% CF% Ash% NFE* GE**(Kcal/Kg DM) 

Fish meal 92.21 64.5 8.6 0.4 14.8 11.7 488.687 

Soybean meal 90.57 44.00 1.1 7.3 6.3 41.3 4282.87 

Wheat bran  87.30 16.4 4 9.9 5.3 64.4 3949.4 

Yellow Corn  91.26 8.5 3.6 2.3 1.3 72.6 3803.1 

Tomato Pomace(TP)  92.45 20 5 25 5 45 3449.5 

Peas waste (PW) 91.76 19.1 6.4 11.9 4.6 58 4065.2 
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The daily feeding rate was kept constant at near 5% of body weight 
per day, and were offered two times a day, at 8.00 am and 3.00 pm. The 
amounts of feed were bi-weekly adjusted according to the changes in body 

weight throughout the experimental period (14 weeks) after weighing. 
Growth performance and feed utilization parameters: 

The Fish in each aquaria were weighted individually at the beginning 
of the experiment (W1) and every week, and at the end of the trial they 
weighted final weight (W2) and counted . 
Final  weight gain (g)%   = [final wt (g)- initial wt (g)/ initial wt (g)] X100             
Average daily gain(ADG)=initial body Wt–final body Wt (g)/period (days)                       
Survival rate (SR%) =[Number of fish at final/Number of fish at start]X100                
Specific growth rates(SGR%)=[ln∞final wt- ln∞ initial wt / period]/days X 100 
condition factor (K) = [ W (g) / L3 (cm)]× 100                                              
Food conversion ratio (FCR)= food consumed (g) / Wet weight gain (g)                   
Food efficiency (FE) = [total gain (g) / feed consumed (g)] x 100         
Protein efficiency ratio(PER)= wt gain (g)/protein consumed(intake) (g) 
Protein productive value (PPV%) =[ P-PO /  PF X] 100                              
Where: 
P = is the protein in fish carcass of the end of experiment.                  
PO= is the protein in fish carcass at start of the experiment. 
PF= is the protein intake                                                                          

Energy retention ((ER%) = [E-EO / EF  X ]100 
Where:  
E = is the energy in fish carcass (kcal) at the end of experiment. 
EO= is the energy in fish carcass (kcal) at the start of experiment. 
EF= is the energy (kcal) in feed intake. Energy utilization  
EU) %= Energy retained(kcal)/Energy intake(kcal) x100        
Relative growth rate (RGR) % = [Final weight (g) / Initial weight (g) ]x 100   
 

Analytical procedure:     
Water quality: 

Water temperatures were recoded daily in each glass a aquaria at 
8.00 am and 2.00 pm using a mercury thermometer suspended at 10-cm 
water depth. Also pH was measured daily by pH meter.  proximate chemical 
analysis of  
Diets and body composition:                                           

Proximate analyses of the experimental diets and fish carcasses 
were carried out according to the procedures described by A.O.A.C.(1995). 
At the start and end of the experimental period, four fish were taken randomly 
and exposed to whole body proximate composition (Dry matter, protein, fat, 
ash and fiber).                                                                                                      
Statistical analysis:                                                                       
  The influence of experimental diets on the growth response and body 
composition of fish form different feeding groups (in duplicate =2 replicates 
for each treatment=2n) was tested by one-way analysis of variance (ANOVA) 
using the general linear methods procedure of (SAS ,1998) .Differences of 
means were evaluated for significance by the multiple range tests of Tukey’s-
karmer HSD(P≤0.05) for homogenous variances Duncan’s multiple range test 
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(Duncan, 1955) was used to resolve differences among treatment mean at 
5% significant level using the following mode: 

Yij=µ+Ti+Eij 
Where:                         
Yij=the observation of the individual from T treatment,µ=over all mean,Ti=the 
fixed effect of diet and Eij=the experimental random error associated with 
individual. 
 
Table (2):Ingredients and nutrients composition of the experimental 

diets. 

 ** Calculated by differences[Nitrogen free extract (NFE) =100-(CP +EE +CF Ash)] 
*** Estimated according to NRC (1993). Using the factor 5.65, 9.45 and 4 for crude protein, 

ether extract and carbohydrate, respectively 
 

RESULTS AND DISCUSSION  
 

Water quality parameters: 
      The average values of water quality criteria (water temperature (Co) 

and pH) in glass aquaria during the whole experimental period are shown in 
table (3). 

 
Table (3): Average values of water quality criteria parameters of  all 

experimental glass aquaria during the experimental period 
(14 weeks). 

Parameter Rang Means ± SE 

water temperature (C
O
) 

pH 
20.8-28.6 
7.1 -8.3 

25± 0.28 
7.4± 0.212 

 

No water quality problems were observed during the trial period. 
These means indicating that water quality parameters tested were within the 
acceptable range for monosex male OF Nile tilapia juvenile growth (El-Sayd, 
2006). 

Ingredients 
Experiment Diets 

100%FM 25%Pw 50% Pw 75% Pw 25%TP 50%TP 75% TP 

Fish meal 16 12 8 4 12 8 4 

Soybean meal 33 33 33 40 33 33 40 

Wheat bran 35 25.4 27.8 9.2 26 22 11 

Corn 15.7 15.7 3.7 5.7 15.7 10.7 5.7 

Vitamin & minerals mixture 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

Tomato Pomace - - - - 13 26 39 

Peas waste - 13.6 27.2 40.8 - - - 

Total 100 100 100 100 100 100 100 

Chemical analysis of the experimental diets (on DM basis) 

Dry matter%      (DM) 90.78 92.10 91.35 90.6 91.8 91.7 91.26 

Crude protein %   (CP) 30.4 30.9 29.8 30.6 30.8 30.1 30.3 

Ether extract %   (EE) 3.5 3.5 3.5 3.3 3.7 4.0 3.9 

Crude fiber %   (CF) 8.4 8.7 11.4 13.9 7.0 8.6 8.9 

Ash % 8.3 7.9 7.1 6.4 7.8 6.4 6.2 

*NFE % 49.4 49.0 48.2 45.8 50.7 50.9 50.7 

**Gross Energy (Kcal/ kg) 4174.62 4072.14 3976.97 3905.14 4152.87 4152.87 4147 
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Evaluation of partial replacement of fish meal by peas waste and 
tomato pomace on growth performance of Nile tilapia juveniles: 

The effects of partial replacement of fish meal by peas waste and 
tomato pomace in experimental diets on live body weights and lengths were 
illustrated in table (4).Results revealed that averages of initial weights and 
lengths of the experiment start had ranged between 2.96±0.48 and 
2.995±0.48 for weight and 5.25±0.16 and 5.5±0.16 for length, with 
insignificant differences among the experimental indicating that the complete 
randomization of individual fish among the experimental trials at the start of 
the experiment and were homogenous. 
 
Table (4) : Evaluation of partial replacement of fish meal by peas waste 

and tomato pomace in feeds of Nile tilapia juvenile during 
the experimental period reared in aquaria (14 weeks). 

 a, b , c… : Meaning the same row with different superscripts  are significantly different 
(P< 0.05) 

D1= Control DIET (100% fish meal protein). 
D2= diet contained peas waste to replace 25% fish meal protein. 
D3= diet contained peas waste to replace 50% fish meal protein. 
D4= diet contained peas waste to replace 75% fish meal protein. 
D5= diet contained tomato pomace to replace 25% fish meal protein. 
D6= diet contained tomato pomace to replace 50% fish meal protein. 

D7= diet contained tomato pomace to replace 75% fish meal protein. 
 
Results were presented in table (4)  showed that at the end of the 

experimental period (14 weeks), maximum final weight were achieved in the 
experimental fish fed diet (D4) which containing 75% PW and diet (D5) 
containing 25% TP with an averages of 13.14 and 9.936 (g), respectively 
.However, the lower final weight were noted in experimental fish fed diet (D7) 
75% TP with an average of 8.761 (g) and diet (D2, 25% PW) with an average 
of 10.85 (g). substantial weight was also noted in  experimental fish fed diet 

Treatments D1 D2 D3 D4 D5 D6 D7 

Initial fish weight 
(g) 

2.995 
± 0.48 a 

2.995 
±0.48 a 

2.98 
±0.48 a 

2.96 
±0.48 a 

2.99 
±0.48 a 

2.988 
±0.48 a 

2.995 
±0.48 a 

Final fish  weight 
(g) 

9.738 
± 0.48a 

10.85 
± 0.48c 

12.078 ± 
0.48b 

13.14 
± 0.48a 

9.936 
±0.48a 

8.917 
± 0.48ab

 
8.761 
±0.48b 

Initial fish length 
(cm) 

5.45 
±0.16 a 

5.375 
±0.16 a 

5.475 
±0.16 a 

5.4 
±0.16 a 

5.25 
±0.16 a 

5.525 
±0.16 a 

5.45 
±0.16 a 

Final fish length 
(cm) 

8.219 
±0.16 a 

8.6 
±0.16 c 

8.9 
±0.16 b 

9.2 
±0.16 a 

8.3 
±0.16 a 

8.144 
±0.16 a 

8.083 
±0.16 a 

Average daily 
gain (%) 

0.181 
± 0.02d

 
0.69 

± 0.02c 
0.826 

± 0.02b 
0.96 

± 0.02a 
0.308 
±0.02c 

0.424 
±0.02b 

0.548 
±0.02a 

Total weight gain 
(g) 

6.743 
± 0.75a

 
7.855 

± 0.75c 
9.098 

± 0.75b 
10.181 
± 0.75a 

6.946 
±0.75a 

5.929 
±0.75b 

5.766 
±0.75b 

Relative growth 
rate (%) 

130.492 
± 3.9b

 
142.32 
± 3.9c 

156.373 ± 
3.9b 

167.812 
± 3.9a 

131.767 
±3.9a 

119.257 
± 3.9c

 
116.669 
± 3.9d

 

Specific growth 
rate (%) 

1.106 
± 0.21a

 
1.698 

± 0.21a 
1.913 

± 0.21a 
2.115 

± 0.21a 
1.247 
±0.21a 

1.286 
±0.21a 

1.393 
±0.21a 

Condition factor 
1.759 

± 0.09b
 

2.314 
± 0.09ab 

2.43 
± 0.09a 

2.572 
± 0.09a 

1.99 
±0.09a 

2.036 
±0.09a 

2.139 
±0.09a 

No.of fish at Start. 20 20 20 20 20 20 20 

No.of fish at End. 19 20 18 17 18 20 18 

Survival ratio (%) 95 100 90 85 90 100 90 
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(D1, control, D3(50% P w), and D6 (50% TP) with the average of 9.74, 
12.08 and 8.917 (g), respectively. These results of averages of final fish 
weights indicated that replacing 75% of PW or 25% of TP showed positive 
effects on growth performances of male Nile tilapia juveniles (O.niloticus) and 
improvement in body weight was more pronounced in the fish fed the 
experimental diet (D4) containing PW to replace 75% of fish meal protein. 

Recent efforts to incorporate plant ingredients into tilapia diets have 
concentrated on replacing fish meal with single or complex ingredients. The 
general trend of these experimental has shown replacement of fish meal with 
a single plant source (peas waste or tomato pomace) higher than 25-75% of 
diet dry matter in poor growth which was mainly attributed to antinutritional 
factors (Soltan, 2002, Massoud, 1992, Olvera – Novoa, et al., 1988, 1990.        
Daily Weight Gain(DWG),Specific Growth Rate(SGR) and Condition Factor  
As described in table (4),results showed that the experimental fish fed on 
D4(75%PW) and D5 (25%TP) had a significantly (P>0.05) higher total weight 
gain compared to the control diet than the rest of the experimental diets . 
Whereas the lowest total weight gain (5.766) was achieved by experimental 
fish fed on diet containing 75% TP. The worst growth performance obtained 
for experimental fish fed the experimental diet D4 (75%PW). On the other 
hand, the experimental fish fed on D4(75%PW) or D5(25%TP) had a 
significantly (P>0.05) higher specific growth rate (SGR%) than the rest of 
experimental diets. However at the end of the experimental, the lowest value 
of SGR was found to be 0.893 %/d in the experimental fish fed on diet 
containing 75% TP . It is interesting to note that, highest value of SGR was 
observed for the diet 75% peas waste. The statistical evaluation of date 
revealed that experimental fish fed on D7(75% TP) showed significantly 
(P>0.05) lower K values compared to the other experimental diets, and 
among them differences in K values were insignificant (table 4).Statistical 
analysis for (RGR%) indicated that the worst (SGR%) was observed by 
experimental fish fed diet D4 (75% PW) or diet D5(25%TP), and 
insignificantly (P>0.05) differences compared With control diet (D1).  
Feed utilization: 

Averages of feed utilization in terms of feed intake (FI), feed 
conversion ratio (FCR), feed efficiency (FE), protein efficiency ratio (PER), 
productive protein value (PPV) ,energy retention (ER) and energy utilization 
(EU) are presented in table (5). These results indicated that differences in 
D1(control) among the experimental diets were insignificant.(P>0.05). On the 
other hand, the experimental fish fed on D4 (75%PW)orD5(25%TP) had a 
significantly (P>0.05) higher feed in take (27.387 and 21.789/fish) than the 
rest of experimental diets . Whereas the lowest feed intake (20.314 g/fish) 
was achieved by experimental fish fed on diet containing 75% tomato 
pomace (fish meal was 75% replaced by plant protein sources. Results of 
feed utilization in terms of feed conversion ratio (FCR) are presented in table 
(5). Replacement percentage of 75% peas waste and 25% tomato pomace 
(diets 4 and5, respectively) demonstrated the best significantly (P>0.05) feed 

conversion ratio (FCR) (2.842 and 3.173 g DM feed per g fish gain), 
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respectively. The worst FCR was observed by diet D7(75%TP). Average of 
FCR during the period had a significant differences (P>0.05) among the 
experimental diets (table 5) . All experimental diets contained treated peas 
waste and tomato pomace improved the average fish weight gain. Diets 4 
(75% peas waste) and D5(25% tomato pomace) increased the total weight 
gain significantly from 6.743 g with control diet D1 to 7.855 and 6.946, 
respectively, FCR improved significantly (P>0.05) using the diets contained 
treated peas waste and tomato pomace.Also, the results of feed efficiency 
(FE)  followed the same trend as (FCR)(table 5). Results also revealed that, 
the plant protein sources (peas waste protein or tomato pomace protein) 
could replace up to 50% fishmeal protein in growing Nile tilapia juvenile diets 
without any adverse effects on growth performance and feed utilization 
parameters . 
 
Table (5) : Effect of the dietary treatments on nutrient utilization of Nile 

tilapia. 

a, b, c… : Meaning the same row with different superscripts   are significantly different (P< 
0.05) 

 
Results of protein efficiency ratio (PER) productive protein value 

(PPV), energy retention (ER) and energy utilization (EU) of Nile tilapia 
juvenile fed experimental diets containing treated peas waste and tomato 
pomace are presented in table (5).As shown in table (5), results revealed that 
experimental fish diets increased PER, and PPV values significantly 
)P>0.05).Concerning protein efficiency ratio (PER) values, it differences in 
this trial among the experimental fish fed the experimental diets were 
significant (P>0.05). The lower PER percentages obtained for the higher 
replacing levels (50 to 75% of FM by TP) indicating progressive reduction in 
nutritional value compared to the lower inclusion levels (25%) . This effect 
may be due to the reduced efficiency in protein utilization leading to a 
depression in feed intake (Dabrowski , 1986 and Hilton, 1983). Furthermore , 
protein efficiency ratio (PER) and utilization were improved with increasing 
levels of pea seed meal in extruded diets , when FCR and SGR values did 
not differ significantly (Gouveia and Davies,2000). 

Treatments D1 D2 D3 D4 D5 D6 D7 

Total weight    gain 
(g) 

6.743              
± 0.75a 

7.855          
± 0.75c 

9.098       
± 0.75b 

10.181 
±0.75a 

6.946 
±0.75a 

5.929 
±0.75b 

5.766 
±0.75

b
 

Feed intake (g/fish) 
21.496 
±0.205c 

23.44 
±0.205b 

24.2 
±0.205b 

27.587 
±0.205a 

21.78 
±0.205a 

20.443 
±0.21a 

20.314 
±0.205a 

feed conversion 
ratio 

3.706      
±1.24a 

2.842 
±1.24a 

2.66 
±1.24a 

2.503 
±1.24a 

3.173 
±1.24a 

3.706 
±1.24a 

3.729 
±1.24a 

Feed efficiency 
0.272   

±0.066a 
0.296 

±0.066a 
0.326 

±0.066a 
0.35 

±0.066a 
0.275 

±0.066a 
0.248 

±0.066a 
0.243 

±0.066a 

Protein efficiency 
ratio 

1.036    
±2.62b 

1.13   
±2.62b 

1.24 
±2.62a 

1.33 
±2.62a 

1.046 
±2.62a 

0.946 
±2.62a 

.926 
±2.62a 

Productive protein 
value 

14.199 
±0.57ab 

12.92 
±0.57b 

14.39 
±0.57a 

13.456 
±0.57a 

12.66 
±0.57bc 

10.83 
±0.57c 

10.862 
±0.57c 

Energy retention 275.73 220.33 256.63 217.96 196.92 187.31 281.55 
Energy utilization 30.73 24.84 31.57 27.48 20.23 18.64 24.61 
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Results of energy retention (ER) and energy utilization (EU) indicated 
that experimental fish fed on experimental diets decreasing of PW and TP 
significantly (P>0.05) increased energy utilization (ER and EU). 

Considerable interest in pea protein sources results from its more 
balanced amino acid pattern with only methionine being the first limiting 
amino acid. The use of pea protein flour with a crude protein of over 80% is a 
distinct improvement and allows higher substitution of fish meal proteins in 
diets in nutrient dense diets for fish (Davies and serwate ,2005). 

The opportunities and constraints of utilizing feed peas in aquaculture 
diets were reviewed by ( Mecallum, 1997). Indeed the promising role of pea 
meal by-products in diets for marine fish was presented by the work of 
Gouveia and Davies (1998-2000).in experimental trials with sea bass. There 
has been limited work undertaken with salmonid species, and for juvenile 
rainbow trout, Thiessen et al. (2003) found excellent digestibility for pea seed 
meal protein for row / whole peas, row / de-hulled peas, extruded  /de-hulled 
peas and autoclaved air-classified pea protein in experimental practical type 
diets –Digestibility of the protein component was uniformly high for all pea 
ingredients (90.9-94.6%), regardless of the processing method employed and 
supports strongly the results described  in Davies and serwata (2005) study . 
The same author was recorded excellent protein and essential amino acid 
digestibility coefficients for the pea protein flow including methionine despite 
the slightly lower contribution in the complete diet. 

According to the experimental results Nile tilapia growth was not 
negatively affected by the high inclusion level of peas waste and by 25% 
tomato pomace substitution .The results of the current trial revealed the 
possibility of replacing 25% of the high cost fish meal by the low cost tomato 
pomace meal (TPM) in Nile tilapia diets , but increasing the level of (TPM) in 
the experimental diets above this level (25%) significantly (P>0.05) 
decreased body weight, growth performance and feed utilization of Nile tilapia 
juvenile, O.niloticus compared with control diet. Soltan(2002) found that the 
higher BW (30.70g) was recorded for the group fed TBM 10 diet (replacing 
level of 10%).The same author mention specifically that insignificant 
differences in body weight and growth performance for fish fed the 
experimental diets contained 0,10,20,30,40 and 50% of TBM .Saad(1998) 
recorded that replacement of SBM by TBM up to 88.9 % increased the final 
BW of Nile tilapia juvenile, while the complete replacement decreased the 
final body weight and growth performance . 

Massoud, et al. (1992) reported the inclusion of 10% of tomato 
wastes in the diet improved the growth performance of Nile tilapia, and feed 
and nutrient utilization were decreased with increasing the levels of T.W more 
thane 10% of diets instead of fish meal . 

Soltan (2002) found that, The results revealed the possibility of 
replacing 50% of the high cost SBM by the low cost TBM in tilapia diets but 
increasing the level of TBM in the experimental diets above this level (50%) 
significantly (P>0.001) decreased BW of Nile tilapia, O.niloticus . Saad (1998) 
found that, replacement of SBM by TBM up to 88.9% increased the final BW 
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of Nile tilapia fry while the complete replete replacement decreased the final 
body weight.  
  Results from Soltan (2002) also show that weight gain (WG)of 
O.niloticus insignificantly changed until the replacing level of SBM by TBM 
reached 50% after this replacing level (50%) WG was significantly decreased 
and these results indicated the possibility of replacing 50% of SBM by TBM 
without any adverse effect on WG of O.niloticus . Hassanen et al. (1995) 
showed that, the highest WG and specific growth rate were obtained at 20% 
tomato pulp silage on the total dietary protein. On the other hand, 
Khadzhinikolova and Tomasyan (1984) found that, partial or compete 
replacement of sunflower meal by tomato waste showed an improvement in 
WG of carp fish. Saad (1998) found that. The higher WG was obtained for 
fish fed the diet contained 20% (substitution level of 88.8%) tomato waste 
meal with soybean meal followed by fish fed the diet contained 10% 
(substitution level of 44.4%)tomato waste meal with soybean meal followed 
by fish fed diet contained 10% (substitution level of 44.4%)tomato waste meal 
with cotton seed meal and these diets gained higher WG compared with fish 
fed the control diet (containing soybean meal only). 

Soltan (2002) Showed that, increasing the inclusion level of TBM as 
a partial replacement of SBM in the experimental diets up to 50% 
insignificantly changed SGR but the higher inclusion levels (60 to 80%) 
decreased SGR values. These  results agreed with those observed by Saad 
(1998)who found insignificant differences of SGR for tilapia when 44.40% of 
SBM was replaced by TBM , and methionine and lysine are limiting essential 
amino acid in this by-product as reported by Hassanen et al. (1995). For 
these reasons the higher replacing levels (60 to 80%) of SBM by TBM 
decreased all growth parameters of Nile tilapia Soltan (2002). 
    Studies on rainbow trout (Hilton and Atkenson, 1982) and Nile tilapia 
(Anderson.et al.,1984) have demonstrated that increasing fiber level in the 
diets has resulted in a significant reduction in feed digestibility and 
assimilation . the results of Omar et al. (1992) clearly showed the role of 
NaOH treatment in improving the quality of fish feeds and the growth 
performance of tilapia and carp to decrease the dietary fiber content and 
increase the solubility of unsoluble carbohydrates and energy content. 
Chemical composition of whole body: 

Averages of chemical composition of whole fish body of the 
beginning and the end of the experiment including dry matter (DM) , crude 
protein (CP), ether extract (EE) , ash, and gross energy (GE kcal/kg) are 
shown in table (6).Averages DM contents of Nile tilapia juvenile whole bodies 
at the experimental diets start was 22.9±1.09 and increased significantly 
(P>0.05) in all experimental diets groups at the end of the experiment. 
Results of the same table revealed that crude protein (CP) in whole fish body 
at the experimental start was significantly (P>0.05) higher in the experimental 
diet (D1=control) than that of all experimental diets at the end indicating a 
decrease in CP parallel are increase in whole fish body ether extract (EE). 

Increasing levels of fish meal replacement in experimental diets by 
peas waste decreased significantly (P>0.05) dry matter and crude protein of 
whole fish bodies from 24.059 and 56.4 with the control diet (D1) to 23.62, 
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52.25, 44.345, 51.21 and 22.766, 51.58% with experimental diets D2, D3, 
and D4, respectively after 14 weeks . But inclusion of 25%, 50% and 75% 
tomato pomace in the experimental diets increased DM and CP contents 
significantly (P>0.05) in whole fish bodies at the end of the experimental 
period ( 24.31, 55.2, 24.61, 53.8, 24.311 and 45.6 for diets D5, D6, and D7, 
respectively ) compared with its initial values (22.9 and 54.65 for DM and CP, 
respectively). The reverse trend was observed with fish body EE where it was 
significantly (P>0.05) low at the experimental start (20.59%) and increased 
significantly (P>0.05) by the increasing levels of fish meal replacement by 
peas waste and tomato pomace in experimental diets at the end of the 
experiment (22.32, 23.99, 24.3, 25.03, 21.21, 23.61, and 22.84% for D1, D2, 
D3, D4, D5, D6, and D7, respectively compared with its initial values 
(20.59%). On the other hand , its increased significantly (P>0.05) to 25.03 
and 21.205 in whole fish bodies with diets D4 (75% PW) and D5 (25% TP) , 
respectively , at the end of the experimental period . 

These results indicated in general that CP% content in whole fish 
bodies is related to EE contents where the increase in one is decrease on the 
costs of the other.  
 

Table (6): Whole body composition (DM bases)of Nile tilapia (O. 
niloticus) juvenile feed the experimental diets (Mean 
±SE)after 14 weeks. 

a, b, c… : Meaning the same row with different superscripts   are significantly different (P< 
0.05) 

 
There results also revealed that PW released more potential in fat 

than TP when incorporated in growing Nile tilapia juvenile diets. Whole tilapia 
body fat as significantly )P>0.05) higher for diets PW compared to control and 
TP , respectively that is increasing whole body EE with elevating levels of 
carbohydrates (Wang et al, 2005).Averages of whole fish bodies ash % 
results revealed that ash% in whole tilapia bodies was significantly (P>0.05) 
highest at the initial of the experiment (25.5%) compared to those of all 
experimental  diets at the end of the experiment. At the end of the 
experiment, the control diets (D1) showed the lowest (P>0.05) ash % (19.61)) 
followed by diets contained TP and diets included of PW, respectively. The 

Chemical 
analysis 

Initial D1 D2 D3 D4 D5 D6 D7 

Dry 
matter(DM) 

22.9         
± 1.09a 

24.059    
± 1.09a 

23.62           
± 1.09a 

24.345           
± 1.09a 

22.766       
± 1.09a 

24.31         
± 1.09a 

24.606        
± 1.09a 

24.311         
± 1.09a 

Crude protein 
(CP) 

54.65      
± 1.03a 

56.4        
± 1.03a 

52.25         
± 1.03b 

51.21       
± 1.03b 

51.58        
± 1.03b 

55.2           
± 1.03a 

53.85         
± 1.03b 

54.6         
± 1.03a 

Ether extract 
(EE) 

20.59      
± 1.4b 

22.315    
± 1.4a 

23.99         
± 1.4a 

24.305       
± 1.4a 

25.03      
± 1.4a 

21.205        
± 1.4a 

23.61        
± 1.4a 

22.835     
± 1.4a 

Ash 
23.5        

± 1.18a 
19.605 
±1.18c 

22.15         
± 1.18b 

22.405 
±1.18b 

21.19 
±1.18b 

21.500       
± 1.18a 

20.8          
± 1.18b 

21.015 
±1.18b 

Growth energy 
(GE)Kcal GE/Kg 

5080.81  
± 40.13c 

5356.54  
±40.13a 

5277.73     
± 40.1bc 

5268.12
± 40.13b 

5362.36
± 40.13a 

5201.14      
± 40.1bc 

5337.44    
± 40.13a 

5298.77    
± 40.13a 
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higher ash % in the diets contained TP due to higher ash percentages in TP 
used in the current study.  

As presented in the same table, energy contents as GE kcal/kg dry 
matter at the initial of the experiment was found to be 5083.81 kcal/kg dry 
matter and it was increased significantly (P>0.05) to 5356.54, 5277.73, 
5268.12, 5362.36, 5201.14, 5337.44, and 5298.77 kcal/kg dry matter in the 
experimental diets D1,D2,D3, D4, D5, D6, and D7 ,respectively , at end of the 
experimental period. 

In the current study Nile tilapia juvenile showed no negative effects 
on whole fish bodies proximate composition of either incorporation of PW or 
TP in Nile tilapia diets when compared to the control. Pea waste meal was 
successfully including in diets of juveniles the same species with equivalent 
results (Wang et al., 2005). Soltan (2002) and Hassanen et al.(1995) showed 
that as the inclusion level of TBM in the experimental diets increased , protein 
and fat content of whole fish significantly (P>0.05) decreased and ash 
increased (P>0.05) but moisture content was significantly changed . Jauncey 
(1982) reported that the carcass moisture and protein contents were lower, 
and lipid and energy higher in O.niloticus maintained on low protein diets. 
Desilva and Gunasekera (1989) concluded that the carcass .%moisture, 
%protein and %ash decreased with decreasing dietary protein level, whereas 
the% lipid and energy (Kcal/kg) decreased with increasing dietary protein 
level. Soltan et al,(2008) showed that DM and CP of whole body increased 
with increasing level of plant protein meal (PPM) in diets and whole body 
content of EE and Ash significantly (P>0.05) increased with increasing PPM 
content of tilapia diets Barros et al. (2000) reported that body fat content is 
closely related to weight gain and inversely related to body moisture content. 
In this respect, Massoud (1992) found that increased partial replacement 
percentage of fish meal by pea waste or tomato pomace as a plant protein 
sources was increased DM, CP and EE content, also showed that, ash 
content was decreased significantly with each increase of PW and TP in the 
experimental diets. 
Economical evaluation : 

The economic evaluation showed that the incorporation of PW or TP 
in Nile tilapia juvenile diets seamed to be economic and sharply reduced the 
feed cost of Nile tilapia juvenile diets as reported in table (7).These results 
indicate that incorporation of pea waste (PW) or tomato pomace (TP) in Nile 
tilapia (O. niloticus ) juvenile diets reduced the total feed costs. From the 
economic standpoint, replacement of fish meal (FM) with cheaper pea waste 
(PW) or tomato pomace (TP) in a practical diets for Nile tilapia (O. niloticus) 
can alleviate the problem of low FM availability and high cost. However , the 
incorporation of PW or TP in Nile tilapia diets seemed to be economic as 
incorporation of PW or TP in the diets sharply feed costs by 00.00, 30.80, 
43.08, 49.77, 24.55, 24.57, and 31.90For experimental diets D1, D2, D3, D4, 
D5, D6 and D7,respectively.Calculation of the economical efficiency of the 
tasted diets was based an the costs of feed because the other costs were 
equal for all studied treatments . As described in table (7) feed costs (LE) 
were the highest for the control (D1) diet and gradually decreased with 
increasing the replacing levels of plant protein sources. The reduction of feed 
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costs was easily observed for the feed costs pea Kg weight gain which 
decreased with increasing incorporation levels of PW or TP in agreement with 
Soltan (2005), Soltan et al, (2008) for Nile tilapia , Eid and Mohamed (2007) 
and Eid et al., (2009). Collins et al., (1979) found that feeding costs in fish 
production is about 50% of total production costs.All other costs of in the 
present experiment are constant, there fore, the feeding costs required to 
produce one Kg in weight gain can be used to compare the different 
experimental diets. EL-said and Gaber( 2003) reported that, partial as 
complete replacement of FM by a mixture of plant protein sources 
significantly reduced incidence costs and improved profit indices compared to 
the basal diets.  
 
Table (7): Feed cost (L.E) for producing one kg weight gain by Nile 

tilapia (O.niloticus) juvenile feed on the experimental diets. 

 
*Feed costs/kg weight gain = FCR × costs of kg feed, Local market price (L.E./ton) for feed 

ingredients used for formulating the experimental diets when the experiment was 
started; soybean meal, 3000 L,E,; fish meal, 7500 L.E.; yellow corn, 1500 L.E; tomato 
Pomace)DRY), 500 L.E.; pea waste (DRY)1000L.E.;Wheat bran,1150 L.E   premix (vit & 
min.), 3000 L.E. 

 
From the all aforementioned results , it could be detected that PW or 

TP could be utilized by Nile tilapia safely and efficiently as alternative protein 
instead of 50% of FM without adverse effects on the growth performance of 
Nile tilapia. In addition, these plant protein sources are locally available at 
much lower prices than imported fish meal. Further  researches are required 
to determine the feasibility of improving the nutritional values and using of the 
PW and TP as plant protein sources composed of different combinations of 
ingredients and to examine the effects of PW and TP use in diets on large 
sizes of fish under the fish field conditions.  

 
 
 
 
 
 

 

Decrease in 
Feed costs*  

(L.E)/kg Weight 
gain 

Relative 
to control 

FEED COST 
*(L.E)/kg 

Weight gain 
FCR 

Decrease in 
Feed costs* 

(L.E)/kg 
Weight gain 

Relative to 
control(%) 

Costs 
(L.E)kg 

Exp. 
diets 

0.00 100.00 10.51 3.71 0.00 100.00 2.84 D1 

30.80 69.20 7.28 2.84 9.76 90.24 2.56 D2 

43.08 56.92 5.99 2.66 20.69 79.31 2.25 D3 

49.77 50.23 5.28 2.50 25.63 74.37 2.11 D4 

24.55 75.45 7.93 3.17 11.88 88.12 2.50 D5 

24.57 75.43 7.93 3.71 24.57 75.43 2.14 D6 

31.90 68.10 7.16 3.73 32.32 67.68 1.92 D7 
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تاثيرات الإحلال الجزئى لمسححق  السحم   خمفاتحات الخسحال قالممحاما  محقاة  اتيحل 
 .غير تقايةيل فى العلائ  المغذاه لأسما  الخامي النياى 

 تاج الةين محمة حسن ق يحيى ى سية العزب محسن صالح حسين، الةسقق
 القاهرة-جامعل الأزهر- ايل الزرا ل-قسا الانتاج الحيقاني

 

لا شككأ  ا زمة ككق زلاديةككلعاق زة لة اكككق زة لةاككق  عب زةكك  زتكككالزذلب  كك  ز يككل  زة ككك ز  
وال وزمس لل ع و لً ، ك ل  ا زةالب زة يةزاع    زلاسكوز  زة لة اكق علك   سك و  زةسك أ و كو  زةةك

وةاب زةس أ وزة لة زةةفلز   عى زة  زليفلع  س للهل ، و ا ثم  قكع ععكب زة ل كق زةك  زةذ ك  عكا 
عل  يلأ زة وزع    ة لعق زمعلاف زةس كاق و ةكأ ذةاكلعة زةااكللزب ذكاا  كعى  ذعزئ  ةيقلا  زلاعي لع

 وسع  ا زة وزع زة  زئاق زموةاق   افتق زمس لل ، وة ز  هع ب ه ه زةعلزسق زة  يقاام  ثكل زلاسكيذعز  
%(  ا زةذلوياا زةاكلم ة سك و  زةسك أ  ك  58% ، 85% ، 58زة ةئ  ةثلا   سيوالب  ايلفق )

ويف  زةا لام ك ةلعل ذلوياا  ذلياق ، ويقاام  ثل  ةأ  يلو  و ةأ ذذلوياا  الفلب زةذسلق علاقق زةك 
علك   عز  زة  كو وزلاسكيفلعة زة  زئاككق ويلكاكب زة سكم وكك ز زةكفلئككق زسديةكلعاق مسك لأ زةذلاك  زة الكك  

    وعكلب ذكوةا 5زسكذوع ودسك ب زة  كل لاب زةك   47و اع زة  س ، ودكع زسكي لب زةي لذكق  كعة 
أ ككلةول  الدكق  7555% ذكلوياا( و)65 م( وغ اب عل  علاقق )ك 5.70±5.2زذيعزئ  ةلس أ )

 س كق/ وض(.55كلاق/ م  لعة  ل ق( وة  ب زةي لذق ةيش    كللياا )
يفك  زةا كلام ةكم ة سك و  زةسك أ ذ الفكلب زةذسكلق  و  ظهلب زة يلئج  ا زلاسيذعز  زة ةئ 

 وزلاسكيفلعة زة  زئاكق( BW, BL, ADG, SR , SGR,  K)اكثثل ذشكك   ل كوظ علك   عز  زة  كو
(ER, FI , FCR ,FE , PER  PPV)  .ذاا زةك يلو  وزة لائ  زةسب زمالى 

ك ل ةو ظ  ا زةيكلفق زلاديةلعاق ةل لاقق ز افتب  قلل ق ذلةةالعة زةكلاق ةلوةا)ك م( و ةكأ 
 ويف  زةا لام. يذ لً ةةالعة زلاسيذعز  ذ الفلب زةذسلق 

ي يل      هلاق ه ه زةعلزسق زة   ا زلاسيذعز  زة ةئ  ةذلوياا  سك و  زةسك أ وا كا زلاس
 ويف  زةا لام    عللائ  زةذلا  زة ال   عب زة    و وزسيفلعة غ زئاق علةاق. ذذلوياا  الفلب زةذسلق 

ويف  زةا لام ا كا زا اسياع لا    علائ  زةذلاك  زة الك    سي يج  ا  الفلب زةذسلق زة يلئج و ا 
% ذكعوا    يكأثالزب عكسكاق علك  85ذأ لا وكفلئق  كذكلوياا ذكعا  ة سك و  زةسك أ ذ سكذق سكيذعز  

 عز  زة  ومسكك لأ زةذلاكك  زة الكك  ، ذللاتككل ق زةكك  يككو ل يلككأ زة ككوزع   لاككلً وذأسكك لل  دكك  ذكثاككل  ككا 
 .  س و  زةس أ زة سيولع

 

 قاا ختح يا الخحث
 جامعل المنصقرة – ايل الزرا ل    فتحى فتقح محمة فايل/ أ. ة
 العريشجامعل  – ايل الزرا ل  جاخر ةسققى اخراهيا حسنين/ أ. ة

 


