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ABSTRACT 
 

 The aim of this study was to evaluate some unconventional diets on water 
quality, diets composition, growth performance, feed utilization and whole fish and fish 
muscles composition of Nile tilapia fingerlings (7-8g). Glass aquaria were used in 
duplicate/treatment for 16 weeks. The basal diet contained 25% crude protein.  The 
diets were offered daily at two meals at 3% of fish body weight.  The experimental 
diets were nearly isocaloric and isonitrogenus.  The 1st diet was a control, diets No. 2 
– 5 are the control diet but their fishmeal was substituted by 25, 50, 75 and 100%, 
respectively with duckweed meal (DW), diets No. 6 – 9 included crayfish meal (CrFi) at 
the same previous replacement rates, and diets No. 10 – 13 included a mixture of DW 
+ CrFi (1:1) as a substitute for fishmeal at the same rates. The obtained results 
revealed that DW contained higher crude protein and ether extract percentages as 
well as cadmium level than CrFi. The CrFi contained more nitrogen free extract, ash, 
lead and silica than DW. There were significant differences among the experimental 
diets in their dry matter, crude protein, ether extract, crude fiber and ash contents. 
Diet No. 13 included the highest crude protein percentage. The increased DW 
substitution rate up to 75% and CrFi up to 50% led to increase the dietary crude 
protein. The increased CrFi level from 25 to 100% gradually decreased the ether 
extract % in diets No. 6 – 9. The increased dietary inclusion of DW from 25 to 100% 
(diets No. 2 – 5) led to increase dietary crude fiber %. Diets No. 6 – 9 contained the 
highest ash %, with gradual increase proportional to the increase in CrFi substitution 
rate. Water quality parameters measured (temperature, pH and dissolved oxygen) did 
not differ among treatments. There were significant differences among dietary 
treatments in growth performance parameters including final body weight, body weight 
gain, and daily body weight gain. The highest values of these criteria were realized 
with diets No. 11 and 6, respectively. Specific growth rates did not differ significantly, 
but relative growth rates significantly differed among dietary treatment groups, being 
the highest with diets No. 11 and 6, respectively. The dietary treatments significantly 
affected feed intake, feed conversion, protein intake, protein productive value, protein 
efficiency ratio, and energy retention. The highest feed and protein intakes were found 
with diet No. 6, but the lowest were recorded for diet No. 12. The best feed conversion 
was calculated for diet No. 11 (the best treatment in fish bodyweight gain). The best 
protein utilization (protein productive value and protein efficiency ratio) was calculated 
for diet No. 13 although the superiority of diet No. 5 in energy retention. From the 
foregoing results, it would be clear that the 6th diet (25% freshwater crayfish meal as a 
partial replacer of dietary fish meal) was significantly the best concerning fish 
bodyweight gain, relative growth rate, and feed and protein intakes. This was followed 
by the 11th diet (50% substitution with mixture (1/1) of duckweed meal and freshwater 
crayfish meal), which was responsible for highest final body weight, bodyweight gain, 
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daily body weight gain, and feed conversion, which may reflect the economical diet by 
decreasing feed costs to produce one Kg fish bodyweight gain.  This leads to 
recommend the partial replacement of fish meal in Nile tilapia diets with 25% crayfish 
meal or 50% mixture of crayfish meal plus duckweed meal (1/1).  These diets were 
responsible for better results than control and it is to expect that they will reduce the 
costs of fish feeding and production for the lower prices of either duckweed meal or 
freshwater crayfish meal comparing with the very expensive price of fish meal. 
Keywords: Tilapia- Duckweed- Freshwater crayfish- Performance- Nutrients 

utilization. 
 

INTRODUCTION 
 

Tilapia are the third most important cultured fish group in the world, 
after carps and salmonids (FAO, 2002). Tilapia production has increased 
greatly in the past two decades and world production of farmed tilapia 
exceeded two million metric tons in 2004.Tilapia are currently raised in 
different types of production systems ranging from pond, tank, cage, flowing 
water and intensive water reuse culture systems (El Sayed et al., 2005). 
Commercial fish feeds utilized in aquaculture often contain fishmeal, which 
can comprise up to 65% of the diet. As long as protein component represents 
55-75% of the total diet cost, protein alternatives have the first priority in 
formulating diet of tilapia as alternatives for the high cost of fish meal (Hanley, 
2000). Little research was conducted on animal protein sources as 
alternatives for fish meal such as blood meal, earth worms, fish silage, silk 
worm pupae and processed meat soluble (Millamena et al., 2000). The 
utilization of the cheaper sources such as freshwater crayfish meal or aquatic 
plants meal is promising and need further investigations. Optimal feeding 
regimes may result in reduced feed costs by minimizing expenditure of 
metabolic rate of fish. Studies on feed stimulants can provide information on 
physiology of the animals concerned and may also detect additives, which 
can be incorporated into aquaculture feeds. Attractive feed may be looted 
and consumed quickly, thus reducing losses by leaching of essential water-
soluble components. An addition of chemo-attractants to pelletized feeds may 
increase ingestion rates and improve growth, survival and food conversion (El 
Sayed et al., 2005). The objective of this study was to evaluate replacing 
dietary fish meal protein by plant and animal protein sources in tilapia fish 
diets and to investigate its effects on dietary composition, water quality, 
growth performance, and nutrients utilization of tilapia fingerlings.  

 
MATERIALS AND METHODS 

 
Experimental Fish: 

A group of Nile tilapia (O. niloticus) with an average initial body weigh 
of 7 – 8 g were obtained from the stock of earthen ponds (from a private farm 
at AL Hamoul, Kafr El-Sheikh governorate) and transported to the aquaria 
located in the fish laboratory of Al Hamoul, Kafr El-Sheikh governorate. Fish 
were maintained in these aquaria for 2 weeks before the beginning of the 
experiment for acclimatization purpose. The fish were fed during the 
acclimatization period on the basal diet (25% crude protein) at a rate of 3% of 
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the body weight daily, at 2 times daily. The experimental treatments were 
tested at two aquaria (replicates) for each. Fish were stocked at a density of 7 
fish / aquarium. 
Experimental Diet: 

Partial or complete replacement of fishmeal (0, 25, 50, 75, and 
100%) by whole crayfish meal and / or duck weeds meal in Nile tilapia fish 
diets was carried out to investigate its effect on water quality parameters, 
growth performance, and feed and nutrients utilization. All feedstuffs used in 
the experimental dies were purchased from Al-Iman Factory, Al-Hamoul, Kafr 
El-Sheikh governorate.  Grayfish (Procambarus clarkii) was purchased from 
Imbaba market, Giza governorate, then sun-dried, ground and sieved (21 
mash).  Duckweed (Lemna perpusilla) was collected from Nabarow drainage, 
Dakaliah governorate, then sun-dried and ground.  Diets were formulated by 
hand mixing the ground ingredients with little water through meat mincer to 
pellets (3 mm), then air dried. The basal diet No.1 was considered as a 
control. Composition of the basal and experimental diets are presented in 
Tables (1), (2) ,and (3). The composition of the vitamins and minerals mixture 
is Vitamins: A 5.714.286 IU, D3 85.714 IU, E 7.143 mg, K3 1.429 mg, B1 571 
mg, B2 343 mg, B6 571 mg, B12 7.143 ug, C 857 ug, Biotin 2.857 mg, Folic 
acid 86 mg, Pantothenic acid 1.143 mg, Minerals: Phosphorus 28.571 mg, 
Manganese 68.571 mg, Zinc 51.429 mg, Iron 34.286 mg, Copper 5.714 mg, 
Cobalt 229 mg, Selenium 286 mg, Iodine 114 mg, Inert essential agent: 
Starch 57 g, Natural H. 29 g, and CaCo3 up to 1000 g. 
Experimental Procedure: 

The experiment continued for 16 weeks. During the experimental 
period, the fish were fed the experimental diets at a rate of 3% of the live 
body weight daily. The diets were introduced twice daily, at 8 a.m. and 2 p.m. 
The amount of food was adjusted weekly based on the actual body weight 
changes. Light was controlled by a timer to provide a 14 hrs light: 10 hrs dark 
as a daily photoperiod. The experimental design was T1:Control (0% 
replacement) 100% fishmeal (FM), T2: 25% duckweeds (DW)  75% FM, T3: 
5o% DW 50% FM, T4: 75% DW 25% FM, T5: 100% DW 0% FM, T6: 25% 
crayfish (Cr Fi) 75% FM, T7: 50% Cr Fi 50% FM, T8: 75% Cr Fi 25% FM, T9: 
100% Cr Fi 0%FM, T10: 25% Mixed (DW+ Cr Fi) 75% FM, T11: 50% (DW+ 
Cr Fi)  50% FM, T12: 75% (DW+ Cr Fi) 25% FM, T13 100% (DW+ Cr Fi) o% 
FM, respectively.  
Water Quality Analysis: 

 Samples of water from each aquarium were taken to determine daily 
the water temperature (using a thermometer) and pH value (using Jenway 
Ltd, model 350-pH meter) and weekly dissolved oxygen concentrations 
(using an oxygen meter model, d-5509) according to Abdelhamed (1996).  
Chemical Analysis of the Experimental Ingredients and Diets: 

Determination of DM, CP, EE, CF, ash and silica in the dietary 
ingredients, diets and in fish body at the start and at the end of the 
experiment for different groups were carried out according to the methods of 
A.OA.C. (1990). At the end of the experiment, three fish were derived from 
each group (aquarium) for drying at 60ºC for 48 hours and then milled 
through electrical mill and kept at 4oC until analysis. Heavy metals 
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determination was carried out at Botany Department lab of the National 
Research Center, Dokki using Atomic Absorption Spectrophotometry 
(Germany Company).  
Growth Performance and Efficiency of Feed and Protein Utilization: 

The growth performance and feed utilization parameters were 
calculated according to the following equations: 
-  Average weight gain (AWG, g/fish )= Average final weight (g)-Average 

initial weight (g). 
- Average daily gain (ADG, g/fish)= Average final weight (g)-Average initial 

weight (g) / Time (days). 
- Survival rate (SR %)= Total number of fish at the end of the 

experiment×100/total number of fish at the start of the experiment. 
- Relative growth rate (RGR)= Average weight gain (g) / Average initial 

weight (g) x 100. 
- Specific growth rate (SGR, % / day)= 100 [ln wt1- ln wto/T] 
     Where: ln: Natural log., Wto: Initial weight (g), Wt1: Final weight (g), T: 

Time in days. 
-  Feed conversion ratio (FCR)= Total feed consumption (g) / Weight gain (g). 
-  Protein efficiency ratio (PER)= Body weight gain (g)/protein intake (g). 
- Protein productive value (PPV %)= 100 [Retained protein (g)/protein intake 

(g)]. 
- Energy retention (ER %)= 100 [Retained energy (Kcal) / Energy intake 

(Kcal). 
 

Statistical Analysis:  
The data were statistically analyzed by using general linear models 

procedure adapted by SAS (1996) for users guide. Means were separated 
using Duncan's multiple range test (Duncan, 1955).  

 
 
 

Table (1): Composition (%) of the experimental diets. 

*GE (kcal/100 g DM) = CP x 5.64 + EE x 9.44 + NFE x 4.11   calculated according to 
(Macdonald et al., 1973) 

**ME (kcal/100g DM) = Metabolizable energy was calculated by using factors 3.49, 8.1 and 
4.5 kcal/g for carbohydrates, fat and protein, respectively according to Pantha (1982). 

Diet No.5 Diet No.4 Diet No. 3 Diet No.2 Diet No. 1  
Ingredients 

 
Duckweeds 

(100%) 
Duckweeds 

(75%) 
Duckweeds 

(50%) 
Duckweeds 

(25%) 
Control 

- 1.50 3 4.50 6 Fish meal 

6 4.50 3 1.50 0 Duckweeds 

46.50 45.65 44.10 42.50 41 Soybean meal 

30 30 30 30 30 Yellow corn 

8 8 8 8 8 Wheat bran 

4.50 5.35 6.90 8.5 10 Rice bran 

3 3 3 3 3 Sunflower oil 

2 2 2 2 2 Vitamins & minerals 

418.41 418.87 422.07 423.77 426.44 Gross energy (GE)* 
(kcal/100 g DM)  

62.90 66.75 62.40 62.03 63.76 Protein/energy (P/E) ratio 
(mg CP/kcal GE) 

370.29 373.12 373.64 375.47 377.28 Metabolizable energy 
(ME)** (kcal/100g) 
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Table (2): Composition (%)of the experimental diets.  

*GE (kcal/100 g DM) = CP x 5.64 + EE x 9.44 + NFE x 4.11calculated according to 
(Macdonald et al., 1973) 

**ME (kcal/100g DM) = Metabolizable energy was calculated by using factors 3.49, 8.1 and 
4.5 kcal/g for carbohydrates, fat and protein, respectively according to Pantha (1982). 

 

Table (3): Composition (%)of the experimental diets.  

*GE (kcal/100 g DM) = CP x 5.64 + EE x 9.44 + NFE x 4.11   calculated according to 
(Macdonald et al., 1973). 

**ME (kcal/100g DM) = Metabolizable energy was calculated by using factors 3.49, 8.1 and 
4.5 kcal/g for carbohydrates, fat and protein, respectively according to Pantha (1982). 

 

Diet No. 9 Diet No. 8 Diet No. 7 Diet No. 6 Diet No. 1  
Ingredients 

 
Crayfish 

meal 
(100%) 

Crayfish meal 
(75%) 

Crayfish   
meal 
(50%) 

Crayfish 
meal 
(25%) 

Control 
(0 %) 

- 1.50 3 4.50 6 Fish meal 

6 4.50 3 1.50 0 Crayfish meal 

47 54.54 44 42.50 41 Soybean meal 

30 30 30 30 30 Yellow corn 

8 8 8 8 8 Wheat bran 

4 5.35 7 8. 50 10 Rice bran 

3 3 3 3 3 Sunflower oil 

2 2 2 2 2 Vitamins & minerals 

416.39 417.69 421.79 422.24 426.44 Gross energy (GE)* (kcal/100 
g DM)  

63.30 63.10 64.70 64.51 63.76 Protein/energy (P/E) ratio (mg 
CP/kcal GE) 

368.80 369.74 372.63 373.05 377.28 Metabolizable energy (ME)** 
(kcal/100g) 

Diet No. 13 Diet No. 12 Diet No. 11 Diet No. 10 Diet No.1  
Ingredients Duckweeds:  

Crayfish  
( 1: 1 ) 
(100%) 

Duckweeds: 
Crayfish 
 ( 1: 1 ) 
(75%) 

Duckweeds:  
Crayfish  
( 1: 1 ) 
(50%) 

Duckweeds:  
Crayfish  
( 1: 1 ) 
(25%) 

Control 

- 1.50 3 4.50 6 Fish meal 

6 4.50 3 1.50 0 Duckweeds: 
Crayfish ( 1: 1 ) 

46.50 45.12 43.75 42.38 41 Soybean meal 

30 30 30 30 30 Yellow corn 

8 8 8 8 8 Wheat bran 

4.50 5.88 7.25 8.62 10 Rice bran 

3 3 3 3 3 Sunflower oil 

2 2 2 2 2 Vitamins & minerals 

420.68 420.39 421.48 423.82 426.44 Gross energy (GE)* 
(kcal/100 g DM)  

64.63 62.77 64.58 62.14 63.76 Protein/energy (P/E) 
ratio (mg CP/kcal GE) 

371.37 372 372.55 375.81 377.28 Metabolizable energy 
(ME)** (kcal/100g) 
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RESULTS AND DISCUSSION 
 

Chemical Composition of the Experimental Diets: 
The chemical analysis of both tested substitute unconventional 

materials crayfish (CrFi) and duckweed (DW) is illustrated in Table (4), from 
which it is obvious that DW contained more crude protein (CP), crude fiber 
(CF), ether extract (EE) and cadmium (Cd) contents, but lower nitrogen free 
extract (NFE), ash, lead and silica contents than CrFi, on dry matter (DM) 
basis.  In this respect, Hassan and Edwards (1992) reported that DW (Lemna 
perpusilla) contained 25.3% CP, 4.5% crude fat, .6% CF and 17.6% ash on 
dry matter basis.  Therefore, DW is used as a protein feedstuff in fish diets 
(BMO, 2009). Also, Tharwat (2000) analyzed the entire body of CrFi 
(Procambarus clarkii) and found that it contained 62.2% CP, 6.1% EE and 
27.0 ash which is more proteinious than shrimp meal and local fish meal.  
Moreover, Abd El-Aty (2006) reported the chemical composition of the 
freshwater crayfish meal on DM basis as 32.1% CP, 1.9% EE and 33.9 ash.  
So, CrFi was evaluated as a protein source in fish diets (Abd El-Rahman and 
Badrawy, 2007).  Habib (2004) cited that crayfish contain lead and cadmium 

as 1.82 – 2.41 and 0.06 – 0.70 g/g dry weight of the external skeleton but 

0.28 – 0.49 and 0.02 – 0.03 g/g dry weight of the muscles when their rearing 
water contains 0.08 – 0.10 ppm Pb and 0.01 = 0.40 ppm Cd.   
 

Table (4): Chemical analysis of crayfish (Cr Fi) and Duckweeds (DW), 
%dray matter basis.                                                                       

Duckweeds  Crayfish  Item 

8.70 18.50 DM 

43.13 34.13 CP 

8.56 ---- CF 

5.28 2.79 EE 

27.05 30.79 NFE 

15.98 32.29 Ash 

42 45.5 Lead, mg/kg 

229.5 178.5 Cadmium, mg/kg 

202.30 227.75 Silica, mg/kg 
 

Table (5) presents data of chemical analysis of the tested diets.  Their 
analysis of variance reflects significant differences among the experimental 
diets concerning DM, CP, EE, CF and ash contents. Diet No. 13 (100% 
replacement of fishmeal with DW + CrFi, 1:1) contained the highest CP%.  
Increasing DW replacement level up to 75% or CrFi up to 50% led to 
significantly higher CP content than the other replacement level (except diet 
No. 13) and the control (diet No. 1).  Increasing CrFi replacement level from 
25 to 100% gradually decreased EE% of the diets No. 6 – 9.  Increasing DW 
from 25 to 100% replacement in diets No. 2 – 5 increased their CF%.  Diets 
No. 6 – 9 had the highest ash % in gradual increase in proportion to the CrFi 
inclusion level.  These variations are mainly due to the variations between 
CrFi and DW analyses (Table 4). 
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Table (5): Means*(± SE) of diets chemical composition of the 
experimental diets. 

Proximate analysis , %DM basis  
DM % 

 
Treatments Ash CF EE CP 

8.64±0.00h 4.10±0.02e 4.92±0.02de 27.19±0.02b 90.06±0.01e Control 

9.17 ±0.00gf 4.12±0.02e 5.10±0.00abcde 26.29±0.01c 89.29±0.05g Duckweeds (25%) 

9.55±0.04cd 4.21±0.01ed 5.12±0.01abcd 26.34±0.01c 90.51±0.1d Duckweeds (50%) 

9.23±0.07efg 4.78±0.01b 4.99±0.01bcde 27.27±0.02ab 90.49±0.05d Duckweeds   (75%) 

9.43±0.02efd 5.12±0.02a 5.05±0.02abcde 26.32±0.00c 90.82±0.02bc Duckweeds (100%) 

9.97±0.01b 4.12±0.05e 5.16±0.02abc 27.25±0.01b 89.85±0.02ef Cray fish    (25%) 

9.97±0.01b 4.16±0.01ed 5.10±0.04abcde 27.29±0.00ab 90.61±0.02cd Cray fish   (50%) 

10.48±0.02a 4.04±0.12e 4.90±0.02e 26.32±0.00c 90.77±0.03bc Cray fish   (75%) 

10.66±0.00a 4.17±0.01ed 4.95±0.01cde 26.36±0.01c 89.72±0.03f Cray fish   (100%) 

8.99±0.02g 4.32±0.08d 5.22±0.00a 26.27±0.00c 91.89±0.01a Mixed (DW+CrFi)  25% 

9.45±0.05ecd 4.51±0.05c 4.92±0.08de 27.22±0.01b 90.46±0.02d Mixed (DW+CrFi)  50% 

9.63±0.04cd 4.61±0.02bc 5.17±0.01ab 26.39±0.02c 90.96±0.02b Mixed (DW+CrFi)  75% 

9.72±0.003bc 4.55±0.02c 5.00±0.02bcde 27.46±0.01a 89.32±0.02g Mixed (DW+CrFi) 100% 

*Means (in the same column) superscripted with different letters significantly (P≤0.05) 
differ. 

 
Physico – Chemical Parameters of Water Quality: 

Fish rearing water was analyzed periodically for some water quality 
criteria (Table 6) including temperature, pH and dissolved oxygen (DO).  
However, there was no effect on these parameters of different experimental 
diets, whether of substitute commodities or their replacement levels.  
However, the ranges of these criteria (25.5 – 26.3oC, 7.12 – 7.70 pH value, 
and 5.90 – 6.10 mg/l DO) are suitable for rearing Nile tilapia fish 
(Abdelhamid, 1996 and 2009). 
 
Table (6): Ranges of some important measured physico-chemical 

parameters of water quality.  

 

Fish Growth Performance: 
Although there were no significant differences for initial bodyweight 

(IW) among the experimental fish groups (Table 7); yet, the other growth 
performance parameters including final bodyweight (FW), average weight 
gain (AWG) and average daily gain (ADW) showed significant variations due 
to the dietary treatments. Since the heaviest FW, AWG and ADG were 
realized by diet No. 11 (50% replacement by 1:1 DW + CrFi) followed by diet 
No. 6 (25% CrFi).  This may be due to the chemical composition of both 
commodities used herein as novel protein sources to replace fish meal in the 

Treatments Param
eters Mixed (DW+ CrFi ) Cray fish (CrFi) Duckweeds (DW) Control 

100% 75% 50% 25% 100% 75% 50% 25% 100% 75% 50% 25% 0% 

26.1-
26.1 

25.8-
26.1 

25.6-
25.7 

25.6-
25.7 

25.6-
25.7 

25.6-
25.6 

25.6-
25.6 

25.6-
25.7 

25.5-
26.2 

26.2-
26.3 

26.1-
26.2 

26.1-
26.2 

26.1-
26.2 

Tempe-
rature                   

ºC 

7.7-
7.9 

7.02-
7.53 

7.14-
7.36 

7.12-
7.21 

7.20-
7.74 

7.10-
7.27 

7.38-
7.39 

7.46-
7.55 

7.38-
7.40 

7.46-
7.53 

7.45-
7.46 

7.42-
7.75 

7.53-
7.75 

PH 
value 

6.10-
6.10 

6.10-
6.10 

6.05-
6.05 

6.05-
6.10 

6.05-
6.05 

6.05-
6.05 

6.05-
6.05 

6.05-
6.05 

5.90-
5.90 

5.90-
5.90 

5.95-
5.95 

6.05-
6.05 

6.05-
6.05 

DO, 
mg/l 
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control diet No. 1, i.e. high CF, EE, and Cd levels in DW as well as high 
inclusion levels of ash, lead (Pb) and silica of CrFi.  These may affect feed 
intake (Table 9) as well as nutrients digestibility which reflected also on 
nutrients utilization in form of protein efficiency ratio (PER, Table 9). Specific 
growth rates (SGR) and survival rates (SR) did not differ significantly by the 
dietary treatments; yet, relative growth rate (RGR) differed significantly 
among fish groups (Table 8) being the highest for diets No. 11 and 6, 
respectively.  
 
Table (7): Effect of dietary treatments on growth performance 

parameters of  Nile tilapia. 
ADG, 

g / fish 
AWG, 
g / fish 

F W, 
g / fish 

I W, 
g / fish 

Treatments 

0.13±0.00ab 14.78±0.04ab 21.92±0.05b 7.14±0.00a Control 

0.08±0.00ef 9.91±0.17ef 18.16±0.11d 7.07±0.04a Duckweeds (25%) 

0.08±0.00f 9.62±0.86f 18.37±0.16d 7.28±0.00a Duckweeds (50%) 

0.10±0.00de 11.90±0.77cde 20.44±0.11c 7.14±0.09a Duckweeds   (75%) 

0.09±0.00ef 11.07±0.04def 18.28±0.00d 7.21±0.04a Duckweeds (100%) 

0.13±0.00ab 15.11±0.92ab 23.63±0.15a 7.07±0.04a Cray fish    (25%) 

0.12±0.00bc 14.21±0.04ab 21.42±0.00b 7.21±0.04a Cray fish   (50%) 

0.11±0.00cd 13.07±0.04bcd 20.14±0.09c 7.07±0.04a Cray fish   (75%) 

0.11±0.00cd 12.99±0.10bcd 20.14±0.00c 7.14±0.09a Cray fish   (100%) 

0.11±0.00cd 13.35±0.04bc 20.66±0.06c 7.21±0.04a Mixed (DW+CrFi)  25% 

0.14±0.00a 16.35±0.04a 23.64±0.04a 7.28±0.00a Mixed (DW+CrFi)  50% 

0.08±0.00ef 10.07±0.75ef 18.57±0.30d 7.07±0.04a Mixed (DW+CrFi)  75% 

0.13±0.00ab 14.66±0.09ab 21.71±0.00b 7.14±0.00a Mixed (DW+CrFi) 100% 

*Means (in the same column) superscripted with different letters                                                                            
significantly (P≤0.05) differ. 

 
Table (8): Effect of dietary treatments on growth rates and survival rate 

by Nile tilapia. 
SR% SGR,%/d RGR Treatments 

100.00±0.00a 0.54±0.00a 2.06±0.00abc Control 

85.71±0.00a 0.63±0.00a 1.40±0.03g Duckweeds (25%) 

85.71±10.10a 0.65±0.07a 1.32±0.12g Duckweeds (50%) 

85.71±10.10a 0.64±0.07a 1.66±0.08def Duckweeds   (75%) 

100.00±0.00a 0.54±0.00a 1.53±0.01efg Duckweeds (100%) 

85.71±10.10a 0.65±0.07a 2.13±0.14ab Cray fish    (25%) 

100.00±0.00a 0.54±0.00a 1.97±0.02abcd Cray fish   (50%) 

100.00±0.00a 0.54±0.00a 1.84±0.00bcde Cray fish   (75%) 

100.00±0.00a 0.54±0.00a 1.80±0.02cde Cray fish   (100%) 

100.00±0.00a 0.54±0.00a 1.84±0.01bcde Mixed (DW+CrFi)  25% 

100.00±0.00a 0.54±0.00a 2.24±0.00a Mixed (DW+CrFi)  50% 

85.71±10.10a 0.65±0.07a 1.42±0.11fg Mixed (DW+CrFi)  75% 

100.00±0.00a 0.54±0.00a 2.04±0.00abc Mixed (DW+CrFi) 100% 

*Means (in the same column) superscripted with different letters significantly  (P≤0.05) 
differ. 

 

 
However, Hassan and Edwards (1992) working on Nile tilapia found 

that the optimal daily feeding rates of Lemna were 5, 4 and 3% of the total 
fish body weight on a duckweed dry weight basis for fish of 25 – 44 g, 45 – 74 
g and 75 – 105 g in weight, respectively.  Since DW has potential as fish food 
in the development of low-cost aquaculture systems in the tropics; yet, it must 
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be fed not more than 4% of the fish body weight daily to avoid its negative 
effects on the fish weight gain and survival.  Moreover, Eid et al. (1995) 
reported that 2.5% inclusion level of DW of the Nile tilapia fish diet showed 
the highest body weight gain, absolute growth rate, and SGR.  Additionally, 

Fasakin et al. (1999) did not find differences (P  0.05) in growth performance 
of Nile tilapia fish fed on diets containing up to 20% duckweed inclusion and 
the control.   

  It was noticed that 30% fermented Lemna leaf meal incorporated in 
the diet resulted in the best growth performance of the fish superior to those 
fed diets containing raw leaf meal (Bairagi et al., 2002).  However, El-Shafai 
et al. (2004b) found that more than 20% DW in the diet resulted in lower 
growth, although tilapia fish have the potency to digest and metabolize green 
food (Bakeer, 2006), but it may be due to its inclusion of high levels of trace 
metals, since such aquatic plants are able to significantly reduce the pollution 
load of the aquaculture wastewater by accumulating it in their tissues (Snow 
and Ghaly, 2008). 

Generally, developing alternate protein sources for fish feeds which 
support rapid fish growth but do not increase pollution from aquaculture will 
require the combined efforts of all of the major scientific disciplines that 
collectively constitute aquaculture (Hardy, 1999).  Feeding tilapia fish on diets 
supplemented with chitin and chitosan depresses tilapia growth regardless of 
the supplementation level (Shiau and Yu, 1999).  This may interpretate the 
CrFi effect on fish performance recorded herein.  Recently, Abd El-Aty (2006) 
reported that including crayfish meal in the diet decreased growth parameters 
but crayfish silage at a level of 33% did not decrease AWG, ADG or SGR. 
Feed and Nutrients Utilization: 

Table (9) presents data of feed intake (FI), feed conversion ratio 
(FCR), dietary protein intake (PI), protein productive value (PPV), protein 
efficiency ratio (PER), and energy retention (ER).  The ANOVA of these data 
presented significant effects of the dietary treatments on FI, FCR, PI, PPV, 
PER and ER.  The diet No. 6 (25% CrFi replacement) was significantly 
responsible for the highest FI and PI, while the worst was the diet No. 12 
(75% replacement 1:1 DW + CrFi).  The best feed conversion was obtained 
with mixed DW + CrFi at 50% replacement level (diet No. 11, which led to the 
best AWG and ADG (Table 7)), while the worst was the diet No. 3 (50% DW 
replacement, led to the lowest AWG and ADG as shown from Table 7).  The 
best protein utilization expressed as PPV and PER was realized with the diet 
No. 13 (100% replacement by mixed DW + CrFi, 1:1, due to its highest CP 
content, Table 5); yet, diet No. 5 (100% DW replacement) was the best in ER.  
This may be due to the high energy content or the low ash of DW (Tables 1 
and 5).  

 In these concerns, Hassan and Edwards (1992) recorded lower feed 
conversion by increasing DW level in Nile tilapia diets.  However, Eid et al. 
(1995) reported a best digestion by fish fed on 2.5% DW level.  Also, Fasakin 
et al. (1999) did not find significant differences in nutrient utilization of fish fed 
on diets containing up to 20% DW inclusion and the control.  Yet, Bairagi et 
al. (2002) reported that feed utilization efficiencies of fish fed fermented leaf 
meal containing diets were superior than those fed diets containing raw leaf 
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meal. It is worth mentioned that unionized ammonia nitrogen (UIAN) 
concentration must be maintained below 0.1 mg/l to avoid chronic ammonia 
toxicity to duckweed-fed tilapia, which increased FCR and reduced PER.  
Since DW grown on domestic sewage increases water UIAN (El-Shafai et al., 
2004a).  Moreover, ammonia excretion rate increases with a decline in 
protein quality (Eid and Matty, 1989).  Yet, Ruenglertpanyakul et al. (2004) 
mentioned that DW could efficiently remove nutrients in the effluent, 
especially ammonia, which seemed to be the preferred nitrogen source of the 
plant.  However, Abdel-Aziz and El-Shafai (2004) concluded that DW could 
be used in intensive tilapia culture either as partial substitute of fishmeal or 
complete substitute of some plant ingredients. They added that DW provided 
good values for FCR (0.98 – 1.1), PER (2.49 – 2.78), CP digestibility (78 – 
92%) and energy digestibility (78.1 – 90.7%). 
 

Table (9): Means ± standard errors of feed intake, feed conversion ratio, 
protein intake, protein productive value (PPV), protein 
efficiency ratio (PER) and energy retention (ER) of the tested 
Nile tilapia fingerlings as affected by dietary treatments. 

E R% PER PPV% 
Protein 

Intake g/fish 
FCR 

Feed Intake 
g/fish 

Treatments 

12.13 
±0.08ed 

1.23 
±0.00ab 

17.26 
±0.03e 

11.99 
±0.06ab 

2.98 
±0.00cd 

44.13 
±0.24abc 

Control 

12.86 
±0.02cde 

1.01 
±0.01cd 

18.66 
±0.06cde 

9.78 
±0.06de 

3.75 
±0.04ab 

37.22 
±0.24ef 

Duckweeds (25%) 

13.42 
±0.25bcd 

0.94 
±0.07d 

17.83 
±0.32de 

10.21 
±0.07d 

4.09 
±0.33a 

38.78 
±0.27e 

Duckweeds (50%) 

15.71 
±0.24ab 

1.03 
±0.06bcd 

19.87 
±0.28bc 

11.47 
±0.06bc 

3.56 
±0.21abc 

42.12 
±0.22cd 

Duckweeds   (75%) 

15.95 
±0.41a 

1.14 
±0.02abcd 

21.08 
±0.55ab 

9.71 
±0.27de 

3.33 
±0.07bcd 

36.91 
±1.03ef 

Duckweeds (100%) 

12.95 
±0.10cde 

1.21 
±0.06abc 

19.22 
±0.18cd 

12.48 
±0.04a 

3.05 
±0.16bcd 

45.81 
±0.12a 

Cray fish    (25%) 

11.97 
±0.03de 

1.16 
±0.00abc 

17.33 
±0.07e 

12.26 
±0.07a 

3.16 
±0.00bcd 

44.95 
±0.26ab 

Cray fish   (50%) 

12.82 
±0.42cde 

1.17 
±0.03abc 

18.66 
±0.59cde 

11.20 
±0.41c 

3.25 
±0.10bcd 

42.57 
±1.57bcd 

Cray fish   (75%) 

10.56 
±0.07ef 

1.20 
±0.01abc 

15.29 
±0.07f 

10.85 
±0.00c 

3.17 
±0.02bcd 

41.22 
±0.03d 

Cray fish   (100%) 

8.71 
±0.07f 

1.21 
±0.00abc 

13.22 
±0.12g 

11.00 
±0.07c 

3.12 
±0.01bcd 

41.77 
±0.28cd 

Mixed (DW+CrFi)  25% 

13.52 
±07bcd 

1.32 
±0.00a 

19.14 
±0.10cd 

12.32 
±0.03a 

2.76 
±0.01d 

45.29 
±0.11a 

Mixed (DW+CrFi)  50% 

15.23 
±1.65abc 

1.07 
±0.07bcd 

18.98 
±0.70cd 

9.39 
±0.04e 

3.57 
±0.25abc 

35.61 
±0.13f 

Mixed (DW+CrFi)  75% 

12.84 
±0.03cde 

1.30 
±0.00a 

21.63 
±0.31a 

11.24 
±0.04c 

2.81 
±0.00d 

41.33 
±0.10d 

Mixed (DW+CrFi) 
100% 

*Means (in the same column) superscripted with different letters significantly (P≤0.05) 
differ. 

 

 

Anyhow, Nile tilapia fish reflect digestibility of energy and protein in 
duckweed as 7.81 – 10.7% and 88.4 – 93.% (El-Shafai et al., 2004b) and an 
crayfish meal being 88.8 and 68.4% (Boscolo et al., 2004), respectively.  DW 
reflected a high N-retention (Schneider et al., 2004).  Tilapia are capable to 
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digest and metabolize algae (Bakeer, 2006).  Abd El-Aty (2006) reported that 
CrFi can be successfully used up to 33% replacement of fishmeal of the Nile 
tilapia diets to reduce the feeding cost without a significant decrease in 
growth performance.  Also, 50% crayfish meal diet reflected comparable FCR 
(Abd El-Rahman and Badrawy, 2007).  However, Snow and Ghaly (2008) 
found that aquatic plants did not contain sufficient amounts of protein and fat 
to meet the dietary requirements of fish.  They also contain high minerals 
concentrate, which can reduce feed intake, weight gain and growth rate in 
fish. 
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 :التقليدية لأسماك البلطى النيلى تقييم بعض العلائق غير
من حيث التأثيير للأى تربيأل العلائأقد  ألدا المأاءد لداء النمألد لا سأت ادا مأن  -1

 فى للسمك المغذيات
 دلبد الحميد محمد لبأد الحميأد  د ن ألب لبأد المأنعم مغربأأ   د لحمأد اسأمالي  محأرم  

 ل حاتم محمد للى  ى للى سليمان   للى لل
  امعة المنصلرا  -بلية الزرالة -قسم إنتاج الحيلان    

 لزارا البحث العلمى. -المربز القلمأ للبحلث -   قسم إنتاج الحيلان
 

لدراسة  تييةي  بعةل الع غةر  يةر    بمعمة  رــةـ 8002أجــريت هــذه التجربة  ــةـ                
أداء نمةات ااسسةتد د  الاذاغية  اة  ايةب ـي ت ت ص جةاد  المية ه ت تربية  الع غةرخةاا التيليدية  ـلة 

 53×  10)  حال زج جيأ أسباـ ( 61) استعم  ا  هذه التجرب . ج ( 2-7) أسم ك البلـ  النيل 
بةةراتيخ خةة  ت  ةةدمت  %83العلييةة  ااس سةةي  احتةةات ـلةة  ت ـةةا (× ـةةرل × سةة  ارتدةة    00× 

مةخ ازخ السةمك يامية  ت بةة  مع ملة  بةررت اة  حا ةةيخت  %5مية   بمعةةد  الع غةر ـلة  اجبتةيخ يا
لبةة   حةةالت الع غةر التجريبيةة  ب نةةت متسةة اي  البةةراتيخ االـ  ةة   سةةمب ت 7معةد  تخةةزيخ السةةمك 
ت 30ت 83استبد  ايهة  مسةحاس سةمك المي رنة  بمعةد   3 – 8مي رن ت اأر     6تيريب  ت الع غر ر   

استبد  ايه  مسحاس سةمك  9 – 1 ت ـدس الم ءت االع غر أر ـ   بااسـ  مسحاس نب %600ت 73
 65 – 60المي رن  بااسـ  مسحاس است بازا المي ه العذب  بندس المعةدست السة بي ت االع غةر أر ة   

+  اسةتبد  ايهة  مسةحاس سةمك المي رنةة  بةندس المعةدست السة بي  لبةةخ بمسةحاس مخلةاـ ـةدس المةة ء
 نة  بة لبراتيخ االةدهخ بة خ أ ـةدس المة ءأخ اليد ب نت أهـــ  النتة غ  (. 6/6است بازا المي ه العذب  )

ارتدع محتاى است بازا المــي ه العــذبةـ  ـةخ ـةدس المة ء خ است بازا المـــي ه العــذبــ . االب دميا  ـ
ب خ هن ك اخت ا ت معناية  بةيخ الآزات االرم د االري ص االسليب . ا  ب  مخ المستخلص خ ل  

 65ر ة  ب نةت العليية  خ الخة  ت الةدهخت االية ات الرمة د. الع غر اة  بة  مةخ المة د  الج اة ت البةراتي
ااسةت بازا المية ه العذبة  إلة   %73زي د  نس  إح   ـدس الم ء إلة  ااـل  ا  محتاى البراتيخ. 

خ الع غةر ـمة  سةااه  مةخ نسة  ا حة   مخ مسحاس السمك ا  العليي  أدى إلة  راةع بةراتي 30%
 %600إلةة   83زيةة د  نسةة  إحةة   اسسةةت بازا مةةخ اـلييةة  المي رنةة (.  65)ايمةة  ـةةدا العلييةة  ر ةة  

 83   ـــدس المــ ء مخ زيـ د  نســ  إح.  9 – 1خد ت تدريجي  مخ محتاى دهخ الع غر أر    
دى إلة  زية د  االية ا اة  الع غةر. ( أ3 – 8مخ مسحاس السـةـمك )اة  العـةـ غر أر ة    600% –

زيـةـ د  نسةـب  إحة    أظهةرت أـلة  نسةب  رمـةـ دت بزية د  تدريجية  تتدـةـر مةع 9 – 1الع غر أر ـ   
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لةة  تختلةةا خةةااص جةةاد  الميةة ه المي سةة  )درجةة  الحةةرار ت ااس السةة ل  لتربيةةز أيةةاخ اسسةةت بازا. 
تب ينةةت معنايةة    ي سةة ت أداء النمةةا )ازخ مختلدةة . الةةذاغ ( بةةيخ المعةة م ت ال الهيةةدراجيخت اابسةةجيخ

خ الجسة ( بةيخ المعة م ت الاذاغية . الجس  النه غ ت الزي د  اة  ازخ الجسة ت االزية د  اليامية  اة  از
ر ة  ـةد  اخةت ا معةد  النمةا . 1يليهة  العليية  ر ة   66 ة  ب نت أـل  هــذه اليي س ت مع العليية  ر

مةع  ما النسب   د تب يخ بيخ المع م ت الاذاغي  معناي   محيي   أـل  معةد الناـ  معناي  ت اإخ معد  الن
أثرت المع م ت الاذاغي  معناي   ـل  ب  مخ اسةته ك العلةات معةد  ـل  الترتي .  1ت 66العلييتيخ 

بدة ء  البةراتيخت ااختةزاخ  تحاي  الاـذاءت استه ك براتيخ العلات الييمة  ا نت جية  للبةراتيخت معةد 
أـل  استه ك ـلا ابراتيخ ـلات بينم  أ   هذه اليي  ب نت مع العليية   1حييت العليي  ر   ـ   . ال

اةة  الزيةة د  اةة  ازخ جسةة   )ااا ةة  66أا ةة  تحايةة   ةةذاغ  تحيةةر مةةع العلييةة  ر ةة  . 68ر ةة  
ع أا   اسةتد د  مةخ البةراتيخ ) يمة  إنت جية  للبةراتيخ امعةد  بدة ء  البةراتيخ( تحييةت مةااسم ك(. 
 ا  اختزاخ الـ   .  3العليي  ر    ت ر   أا لي 65العليي  ر   

مسةحاس اسةت بازا مية ه ـذبة   %83مم  سبر ـر ه مخ نت غ  يت ح أخ العليية  الس دسة  )
حلت مح  مسحاس السمك ا  ـليي  المي رن ( ه  ااا   معناي   مخ حيث زي د  ازخ جس  السمكت 

إحةة    %30ابةةراتيخ العلةةات يليهةة  العلييةة  الح ديةة  ـ ةةر )معةةد  النمةةا النسةةب ت اسةةته ك العلةةا 
( مسحاس ـدس الم ء مع مسحاس است بازا المي ه العذب  مح  مسةحاس السةمك( االتة  6/6مخلاـ )

حييت ليس ايـ أ ي  ازخ نه غ  ازي د  ا  الازخ ازي د  يامي  ا  ازخ السمكت ب  أي ة   حييةت 
ب نخدةة ل تبةة ليا تاذيةة  إنتةة ي بيلةةا زيةة د  اةة  ازخ  أا ةة  تحايةة   ةةذاغ ت بمةة  يةةنعبس ا تيةة دي   

مخ مسحاس سمك الع غةر بااسةـ  مسةحاس اسةت بازا  %83ااسم كت مم  يدـا للتايي  ب ستبدا  
( مسحاس ـدس م ء مع مسةحاس اسةت بازا مية ه 6/6إح   بااسـ  مخلاـ ) %30المي ه العذب  أا 

غ  المي رن ت ـ ا  ـل  م  يتا ع مخ خد هم  لتبة ليا ـذب ت إذ تدا ت نت غ  ه تيخ العلييتيخ ـل  نت 
 التاذي  اإنتة ي أسةم ك البلـة  النيلة  لةرخص سةعر مسةحا   بة  مةخ ـةدس المة ء ااسةت بازا المية ه

 العذب  جدا  ـخ سعر مسحاس السمك.
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