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ABSTRACT

This study was undertaken in order to evaluate the inclusion of Egyptian clover (Trifolium alxandranum) leaf meal, artichoke (Cynara scolymus) leaf waste meal and Atriplex (Atriplex nummularia) leaf meal in diets of Nile tilapia (Oreochromis niloticus).  Ten diets were formulated.  The soybean meal protein was substituted at a rate of 15,30 and 45% from Egyptian clover leaf meal, artichoke leaf waste meal and Atriplex leaf meal.  Fish fed the experimental diets for 16 weeks.  Nile tilapia fed diets 2,3,5 and 8 where 15 and 30% of soybean meal protein substituted with clover leaf protein, 15% of soybean meal protein was substituted with artichoke leaf protein and 15% of soybean meal protein was substituted, their growth performance and nutrient utilization were comparable to those of fish fed the control diet but at higher levels 45% for clover leaf meal, 30 and 45% for artichoke leaf meal and 30 and 45% for Atriplex leaf meal these parameters were inferior to that of fish fed the control diet.  From the results of the present investigation it could be concluded that clover leaf meal protein could replace safely 30% of soybean meal protein whereas artichoke leaf meal or Atriplex leaf meal can replace safely 15% of soybean meal protein in tilapia’s diets.   

INTRODUCTION

Fish and soybean meals are the major protein sources in fish and shell-fish diets.  However, increased prices and unavailability of these two sources necessitate searching for alternative protein sources (Olvera-Novoa et al. 1990; Shiau et al. 1990; Hughes 1990; Tidwell et al. 1993; Gallagher 1994; Kaushik et al. 1995; Robina et al. 1995; Boonyaratpalin et al. 1998; Refstic et al. 1998).

          Atriplex shrubs in deserts and in salted areas are known as drought and salt tolerant plants (O’Leary et al. 1985; Watson et al. 1987).  Atriplex leaves meal has been used to replace fish meal partially in diets of Oreochromis aureus (Yousif et al. 1994) but the results were negative where the performance parameters decreased significantly by increasing the level of Atriplex leaf meal.  Artichoke leaves waste meal (Cynara scolymus) has been successfully used in diets of Nile tilapia (Mohamed 1998).  Therefore the present study was undertaken to study the effects of partial replacement of soybean meal by leaf meals of three plants: Egyptian clover, Artichoke and Atriplex on performance and nutrient utilization of Nile tilapia the most cultured species of tilapia (Balarin and Hatton 1979).
Materials and methods
Experimental System and Animals

Twenty glass aquaria with dimensions of 70 x 30 x 40 cm were used.  Each aquarium was filled with 75 liters of dechlorinated water.  During the experiment period (16 weeks) 12 liters of water aquarium were removed daily and equal amounts of water were added.  Each aquarium was supplied with an automatic heater to maintain water temperature at 28 ( 10C, air pump and stone to provide continuous aeration to water (dissolved oxygen was 6.8-8.2 ppm).  Also, each aquarium was supplied with a power filter to filter the faeces and fine matter from the water.  Water pH was in the range of 7.2-7.5 during the experiment.  Fry of Nile tilapia (Oreochromis niloticus) was obtained from Maruit Fish Farm Company located in Alexandria.  Fish were fed the control diet for one month as a conditioning period before starting the experiment.

Preparation of Egypian Clover, Artichoke and Atriplex Meals and Feed Ingredients Analysis
Egyptian clover was obtained from a farm near Alexandria.  Artichoke wastes (stem and leaves) were collected from the local market in Alexandria where Atriplex plants were collected from the desert area.  Leaves of each were dried in oven at 60ºC for 24 hours.  The dried material was ground using Retsch mill where it passes through 1.0 mm sieve.  Clover, artichoke, Atriplex leaf meals and food ingredients were subjected to proximate analysis (AOAC 1989). 

Amino acid contents of soybean meal, clover, artichoke and Atriplex leaf meals were determined according to the method described by Duranti and Cerelli (1979) using Beckman amino acid analyzer Model 119 CL.

Diets and Feeding Regime

Ten diets were formulated (Table 1).  The soybean meal protein was substituted at a rate of 15, 30 and 45% from Egyptian clover meal (diets 2,3 and 4), artichoke leaf waste meal (diets 5,6 and 7) and Atriplex meal (diets 8, 9 and 10).  Diet 1, free of clover, artichoke and Atriplex meals, was formulated to serve as a control.  Diet preparation and storage have been previously described (Soliman 1985).  Chemical composition of the experimental diets is shown in Table 1.  Each diet was fed to duplicate randomly assigned aquaria for 16 weeks. Each aquarium was stocked with 20 fish (ave. weight 1.18-1.23 g).  A fixed feeding regime of 5% of the body weight per day (dry food/whole fish) was employed for the first nine weeks and 3% of the body weight until the termination of experiment.  Fish were fed 3 times daily in equal portions.  Fish were fed for six consecutive days, weighed on the seventh and feeding rates for the  following week adjusted accordingly.

Experimental Methodology


Fish were bulk weighed, aquarium at a time, in water without anesthesia except for the terminal weighing when fish were anaesthetized (Ross & Geddes 1979) and weighed.  An initial sample of fish, 3 per aquarium was killed and subjected to proximate analysis and a final sample of 7 fish per aquarium was treated similarly (AOAC 1989).  Blood was collected using heparinized syringes from the caudal vein of the experimental fish at the termination of the experiment.  Blood was centrifuged at 3000 rpm for 5 minutes to allow separation of plasma which was subjected to determination of plasma total protein (Armstrong and Carr 1964).  Apparent net protein utilization was calculated from carcass analysis data by method of Nose (1962).  Apparent protein digestibility was determined using the method of Furukawa and Tuskahara (1966).  For evaluation of the results of the present study, analysis of variance (Snedecor 1966) and Duncan's multiple range test (Duncan 1955) were employed.

RESULTS

Results of the chemical analysis and amino acids composition of soybean meal, clover, artichoke and Atriplex meals are shown in Table 2.  The highest ash content was found in Atriplex meal and the lowest ratio of true protein:crude protein, and arginine, cystine, histidine, isoleucine, methionine and threonine levels were recorded for Atriplex meal (Table 2). 

Table 3 presents the growth performance, nutrient utilization and plasma total protein of Nile tilapia fed the experimental diets.  Fish fed diets 1, 2, 3, 5 and 8 had significantly the best performance and nutrient utilization in terms of final body weight, specific growth rate, food conversion ratio, protein efficiency ratio, apparent net protein utilization and apparent protein digestibility.  The same trend was obtained for plasma total protein.  Data of carcass composition are presented in Table 4.  No significant differences were detected in moisture, ash, crude lipids and crude protein of fish fed the control diet and diets supplemented with clover, artichoke and Atriplex leaf meals at different inclusion levels.

DISCUSSION

In Nile tilapia fed diets 2, 3, 5 and 8, where 15 and 30% of soybean meal protein substituted with clover leaf protein, 15% of soybean meal protein was substituted with artichoke leaf protein and 15% of soybean meal protein was substituted, the growth performance and nutrient utilization were comparable to those of fish fed the control diet.  But at higher levels 45% for clover leaf meal, 30 and 45% for artichoke leaf meal and 30 and 45% for Atriplex leaf meal these parameters were inferior to that of fish fed the control diet.  This could be explained as follows.  1. Amino acids profile of soybean meal is better than that of leaf meal under investigation especially in the essential amino acids(Table 2).  The same suggestion was reported by Yousif et al. (1994).  2. The non-protein fraction especially in artichoke and Atripex leaf meals as indicated from true protein: crude protein ratios was increased (Table 2).  Yousif et al. (1994) reported that the poor growth depletion and feed utilization of blue tilapia (O. aureus) at increasing levels of dehydrated Atriplex leaf meal was due to high content of non-protein nitrogen (43.98%).  3. The leaf meals in the present study had high ash content compared with ash content of soybean meal (Table 2) therefore, increasing their levels in tilapia’s diets resulted in severe reduction in fish performance and nutrient utilization due to its bad effects on apparent protein digestibility (Table 3).

CONCLUSION

From the results of the present investigation it could be concluded that clover leaf meal protein could replace safely 30% of soybean meal protein whereas artichoke leaf meal or Atriplex leaf meal can replace safely 15% of soybean meal protein in tilapia’s diets. 
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Table 1.  Composition and Proximate Analysis of Experimental Diets.

Ingredient (%)
Diets


1
2
3
4
5
6
7
8
9
10

Soybean meal
20.0
17
14
11
17
14
11
17
14
11

ECLM1
0.0
4.13
8.26
12.39
0.0.
0.0
0.0
0.0
0.0
0.0

ALM2
0.0
0.0
0.0
0.0
5.59
11.18
16.77
0.0
0.0
0.0

ATLM3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.76
13.52
20.28

Corn starch
12.5
11.37
10.24
9.11
9.91
7.32
3.73
8.74
4.98
1.22

Fish meal
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0

MBM4
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0

Corn meal
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0

Corn oil
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

Mineral mix.5
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

Vitamin mix.6
0.875
0.875
0.875
0.875
0.875
0.875
0.875
0.875
0.875
0.875

Ascorbic acid
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125

Chromic oxide
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50

Proximate analysis (%)

Moisture
6.04
4.55
4.37
4.27
4.76
5.30
4.11
4.15
4.47
3.67

Ash                       
13.67
13.74
14.04
14.29
14.36
14.89
15.93
15.89
18.39
20.63

Ether extract
12.37
12.44
13.81
14.0
11.48
11.76
11.95
11.94
12.83
13.94

Crude protein
33.49
33.15
33.87
33.07
33.63
33.42
33.84
33.05
33.26
33.20

Crude fiber
1.01
0.86
1.07
1.43
1.13
1.46
1.92
0.75
0.80
1.10

NFE7
32.97
35.26
32.93
32.94
34.64
33.17
32.25
34.22
30.25
27.46

GE8
436.1
443.6
451.1
450.2
436.08
432.8
434.8
433.8
427
426.6

P/E9
76.8
74.7
75.1
73.5
77.1
77.2
77.8
76.2
77.9
77.8

1.Egypian clover meal
2.Artichoke leaf meal

3.Atriplex leaf meal 

4. Meat and bone meal
5. See Soliman et al.,1994

6. Each 100 g contain: Vit A 960,000 IU; Vit D3 160,000 IU; Vit E 0.89 g; Vit K 0.16 g; Vit B1 80 mg; Vit B2 0.32 g; Vit B6 0.12 g; Vit B12 0.8 mg; Pantothenic acid 0.89; Niacin 1.6 g; Folic acid 80 mg; Biotin 4 mg; Choline chloride 40 g; the rest is a carrier.

7. Nitrogen free extract 
8. Calculated gross energy (see Jauncey and Ross 1982).

9. Protein : energy (mg :Kcal) 
Table 2.  Chemical Analysis (%) and Amino Acid Composition (g /100g) of Soybean Meal (SBM), Egyptian Clover Meal (ECLM), Artichoke Leaf Meal (ALM) and Atriplex Leaf Meal (ATLM).

Parameter
SBN
ECLM
ALM
ATLM







Moisture
10.84
6.96
7.53
10.48

Ash
6.25
16.41
17.82
22.05

Ether extract
1.21
4.57
4.62
3.06

Crude protein (CP)
45.00
32.70
24.15
19.95

True protein(TP)
42.62
30.84
21.04
13.45

TP/CP
0.947
0.943
0.871
0.674

Crude fiber
4.26
7.20
9.63
2.43

Nitrogen free extract
29.97
32.16
36.25
42.03

Amino acids composition

Alanine
1.85
1.66
0.12
1.31

Arginine
3.02
1.74
1.39
0.51

Asparatic acid
3.11
6.2
2.28
1.42

Cystine
0.52
0.24
0.24
0.02

Glutamic acid
4.14
0.44
0.43
1.58

Glycine
11.73
1.42
0.42
1.49

Histidine
1.18
0.84
0.69
0.38

Isoleucine
2.38
1.24
2.13
0.82

Leucine
2.56
2.23
0.51
1.20

Lysine
1.57
1.72
0.79
0.86

Methionine
0.39
0.58
0.79
0.22

Phenylalanine
1.48
1.86
0.59
0.66

Proline
1.36
1.30
5.45
1.14

Serine
1.30
2.25
2.16
0.18

Threonine
1.34
1.66
1.56
0.70

Tyrosine
1.11
1.34
1.25
0.37

Valine
1.79
2.20
0.99
1.07

Table 3.  Performance Parameters, Nutrient Utilization and Plasma Total Protein of Nile Tilapia Fed the Experimental Diets.

Diet
Parameter


Initial ave.wt.(g)
Final ave.wt.(g)
SGR1
FCR2
PER3
ANP4
APD5
Sur.rate6
PTP6

1
1.20
13.73a
4.36a
1.56c
1.92b
30.17b
86.50a
100.0a
5.08a

2
1.23
14.59a
4.42a
1.54c
1.97ab
31.00b
87.00a
100.0a
5.04a

3
1.23
14.70a
4.54a
1.51c
2.01a
33.19a
85.50a
100.0a
5.33a

4
1.18
12.69b
4.16b
1.64b
1.80cd
29.59bc
77.00b
97.5b
4.69ab

5
1.19
14.72a
4.48a
1.54c
1.92b
30.97b
85.00a
100.0a
5.01a

6
1.22
12.77b
4.20b
1.62b
1.85c
29.48c
75.00b
100.0a
5.04a

7
1.20
12.45b
4.17b
1.70a
1.76d
28.25c
74.50b
97.5b
3.72b

8
1.19
14.47a
4.46a
1.55c
1.96ab
31.23b
86.00a
97.5b
5.08a

9
1.20
12.69b
4.20b
1.62b
1.82cd
28.60c
73.50b
100.0a
3.46c

10
1.20
12.46b
4.14b
1.65ab
1.83cd
28.34c
73.00b
100.0a
3.49c

±SEM2

0.33
0.022
0.015
0.024
0.526
1.76
0.568
0.316

Only means with different superscript letters are significantly                         different (P < 0.05).

1- Specific growth rate.
2- Food conversion ratio.
3- Protein efficiency ratio.

4- Apparent net protein utilization.
5- Apparent protein digestibility.

6- Survival rate.
7- Plasma total protein.     

8- Standard error of the means derived from the analysis of variance.

Table 4.  Body Composition Data on Wet Weight Basis1.

Diet
Moisture
Ash
Ether extract
Crude protein

Initial
79.70
3.12
4.70
12.48

1
70.14
5.02
9.41
15.43

2
70.68
4.98
8.89
15.45

3
68.97
5.12
10.17
15.76

4
68.65
4.90
10.45
16.00

5
69.86
5.00
9.35
15.88

6
69.34
5.21
9.59
15.85

7
69.99
5.07
9.23
15.71

8
70.46
5.18
8.67
15.69

9
69.91
5.09
9.51
15.49

10
70.83
5.22
8.41
15.54

±SEM2
0.66
0.183
0.52
0.214

1- Only means with different superscript letters are significantly different (P < 0.05).

2- Standard error of the means derived from the analysis of variance.

