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ABSTRACT

Five diets were formulated: 1- black seed meal (BSM) free; 2- 10% BSM replacing 5.12% fish meal (17% of FM protein); 3- same as diet 2 but with lysine and methionine supplementation; 4- 10.24% fish meal of the diet 1 was substituted by 20% BSM (34% of FM protein) and 5- same as diet 4 but with lysine and methionine supplementation.  Fish fed the BSM free diet exhibited the best growth compared with those fish fed the other diets.  No significant effects of incorporation of BSM on condition factor, food conversion and protein efficiency ratios, apparent net protein utilization and body composition of fish fed the experimental diets were found.  The highest hepatosomatic index was recorded for fish fed diets incorporating 10 and 20% BSM but supplemented with lysine and methionine.  Incorporation of 20% BSM resulted in increasing the gut index whether the diet was supplemented with or unsupplemented with amino acids and the differences were significant.  Plasma total protein levels were decreased by increasing the inclusion level of BSM.  Plasma albumin seems not to be affected by BSM incorporation but the fish fed the diet containing 20% BSM and supplemented with both amino acids had the lowest plasma albumin compared with plasma albumin levels of fish fed the other diets.  No significant differences were found in incidence costs and profit indices for fish fed the experimental diets, however, 10% BSM inclusion level is economically more profitable than that of the control diet since the extra income is estimated by us at $ 55 /t of fish. 
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Introduction

Fish meal is the preferred protein source in fish diets due to its high protein quality (excellent amino acid profile) and palatability (Lovell 1989).  However, due to its high cost and its low production in many countries of the world, many attempts have been made by nutritionists to replace fish meal partially or totally in diets of different fish species with various plant protein sources (Tacon et al. 1984; Davies et al. 1990; Shiau et al. 1990; Shimeno et al. 1992; Webster et al. 1992; Gallagher 1994; Sanz et al. 1994; Kaushik et al. 1995; Robaina et al. 1995 and Teskeredzic et al. 1995).


Black seeds (Nigella sativa) are cultivated in the Mediterranean region and Asia (Hutchinson 1959).  The seeds are rich in oil (Abdel-Aal and Attia 1993a) and the defatted black seeds (black seed cake) has a high level of true protein (Abdel-Aal and Attia 1993b).  Black seed meal is a novel protein source which has recently been used in poultry feeds (Khalifah 1995; Zewil 1996).

Partial or complete replacement of fish meal with alternative sources of protein could be of considerable economic advantage, even if this approach was associated with a moderate reduction in feed utilization parameters (Hajen et al. 1993).  Therefore, the present study was undertaken to establish the effects of partial replacement of fish meal protein with black seed meal protein with or without lysine and methionine supplementation on performance, feed utilization and physiological parameters on Nile tilapia (Oreochromis niloticus), one of the most important fish species cultured in the tropics (Balarin and Hatton 1979).

Materials and methods

Experimental System and Animals

Ten glass aquaria (70 x 30 x 40 cm) were used in this trail.  Each aquarium was filled with 75 ℓ of dechlorinated tap water.  During the experimental period (12 weeks)12 ℓ  of aquarium water were removed daily and equal amounts of water were added.  Each aquarium was supplied with an automatic heater to maintain water temperature at 28 (1)ºC, air pump and stone to provide continuous aeration to water (dissolved oxygen was 7-8 mgℓ-1).  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 were obtained from the Maruit Fish Farm Company located in Alexandria.  Fish were fed the control diet (Diet 1, Table 1) for 1 month as a conditioning period before starting the experiment.

Preparation of Black Seed Meal (BSM) and Feed Ingredients Analysis

Black seed cake was obtained from a local factory in Alexandria where oil was extracted from the black seeds.  This cake was ground using a Retsch mill where it passed through a 1.0 mm sieve resulting in producing BSM which stored in well closed plastic buckets until use.  Black seed meal and feed ingredients were subjected to proximate analysis (AOAC 1989).  Amino acid contents of black seed meal and fish meal was determined according to the method described by Duranti and Cerelli (1979).  The amino acid contents of both ingredients were detrmined by using Beckman amino acid analyzer Model 119 CL.

Diets and Feeding Regime
Five diets were formulated (Table 1): Diet 1, black seed meal free diet; Diet 2, 10% black seed meal to replace 5.12% of fish meal (17% of fish meal protein); Diet 3, same as Diet 2 but this diet was supplemented with 0.156% L-lysine monohydrochloride (purity 78, German made) and 0.024% of DL-methioine (purity 99%, French made) so that the proportion of both amino acids were the same as the control diet; Diet 4, 20 % black seed meal substitute 10.24% fish meal of the control diet (34% of fish meal protein) and Diet 5, as Diet 4 but this diet was supplemented with 0.312% L-lysine monohydrochloride and 0.049% of DL-methionine to reach the same levels of lysine and methionine provided by fish meal in the control diet.  The analysis of these diets is shown in Table 1.  Each diet was randomly offered to duplicate aquaria and each aquarium was stocked with 20 fish with an average weight of 2.43 g.  A fixed feeding regime of 5% of the body weight per day (dry food/whole fish) was employed for the first 12 weeks and to 3% for the last 2 weeks.  Feeding was performed for 6 consecutive days with no food being given on the seventh day when the fish were weighed.  The necessary adjustment in the quantity of food intake was carried out at the end of every weighing period. 

Experimental Methodology

Fish were bulk weighed, one aquarium at a time, in water without anesthesia except for the terminal weighing when fish were anaesthetized (Ross and Geddes 1979) and weighed and measured to allow calculation of condition factor (Weightxloo/standard length3).  An initial sample of fish, 4 per aquarium, was killed and subjected to proximate analysis and a final sample of 10 fish per aquarium was treated similarly (AOAC 1989) to facilitate determination of the carcass composition and calculation of the apparent net protein utilization (Nose 1962).

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) where plasma albumin was determined by the method of Doumas et al. (1977) and the total globulines were determined by subtraction.  Two fish per aquarium were used for determination of hepatosomatic index (liver weight x 100 / body weight) and gut index (gut weight x 100 / body weight).

Results of the present study were subjected to analysis of variance (Duncan's multiple range test and Snedecor 1966).

Results

Results of the proximate analysis and amino acid contents of black seed meal and fish meal are shown in Table 2.  The results show that black seed meal seems to be a good protein source as well as lipid source.  However, the results of the amino acid profile of the black seed indicated that the essential amino acids lysine, methionine and arginine are considered as the first, second and third limiting amino acids respectively.

At four and eight weeks of the experiment the growth of fish fed the black seed meal free diet was comparable to growth of fish fed diets with the two inclusion levels of black seed meal either supplemented or not supplemented with lysine and methionine and the differences were not significant (Table 3).  At the end of the experiment the growth of fish fed the control diet exhibited the best growth compared with those fish fed diets containing BSM either supplemented or unsupplemented with lysine and methionine (Table 3).  The specific growth rates of fish fed the experimental diets followed the same trend of body weight of fish at 4 and 14 weeks (Table 4).

No incidence of mortality occurred during the experimental period (Table 3) as well as no effects of incorporation of BSM on condition factors of Nile tilapia fed the experimental diets.

Analysis of variance revealed no significant differences in FCR, PER and ANPU of fish fed the experimental diets (Table 3).  Also no significant effects from replacing fish meal protein by BSM protein with or without lysine and methionine on body composition data of fish fed these diets (Table 4).

Hepatosomatic indices (HSI) of fish fed the experimental diets are recorded in Table 5.  The highest HSI were recorded for fish fed the diets containing 10 and 20% BSM but supplemented with lysine and methionine.  Incorporation of 20% BSM resulted in increasing the gut index whether the diet was supplemented or not supplemented with the amino acids (Table 5).  Plasma total protein levels were decreased by increasing the inclusion levels of BSM and the differences were significant (Table 5).  Plasma albumin seems not to be affected by the black seed meal incorporation where no significant differences were detected in plasma albumin of fish fed the control diet and the diet containing 10% BSM either supplemented or unsupplemented with amino acids and the diet containing 20% BSM without amino acids supplementation. However, the diet incorporating 20% BSM and supplemented with both amino acids had the lowest plasma albumin compared with plasma albumin level of fish fed the other diets and the differences were significant (Table 5).

No significant differences were detected in incidence cost or profit indices for fish fed the experimental diets (Table 5).

Discussion and ConcluSionS

The growth results (body weight and SGR) of this experiment are logical and reasonable because: 1- The biological value of animal protein is higher than that of plant protein (McDonald et al. 1995).  Haiqing and Xiqin (1994) reported that specific growth rates decreased and food conversion ratio increased in bream (Megalobrama skolkovii) by increasing levels of rapeseed and peanut cakes in their diets and these authors attributed the differences in SGR, FCR, PER and productive protein value to the biological value of the protein tested since the diets contained essentially equal amounts of protein, energy, lipids and nitrogen free extract.  2- Indispensible amino acids profile of fish meal (Table 2) constitute the most suitable sources of IAA for fish, given higher conversion between the whole IAA profile and IAA required requirement pattern (Mambrini and Kaushik 1993).  3- Hajen et al. (1993) and Gomes et al. (1995) reported that the apparent protein digestibilities for herring meal (92%) and sardine meal (92.3%) were higher than that for soybean meal (75.8%) and full-fat soybean meal (86.4%).  And 4- Fish meal contains no toxic substances but raw soybean meal, or inadequately heated soybean meal, contains higher activity of trypsin inhibitor causing growth reduction (Wilson and Poe 1985).  Black seeds also contain toxic substances which are responsible for increasing the activities of gamma glutamyl transferase and alanine amino transferase which indicate the level of liver damage (Tennekoon et al. 1991).

The addition of lysine and methionine to diets containing 10 and 20% BSM did not result in improving the fish body weight and SGR because these parameters were significantly lower than that of fish fed the controlled diets.  This may be due to: a- levels of the other essential amino acids still sub-optimal such as lysine and methionine (Table 2) and b- lower, apparent amino acid digestibilities.  Hossain and Jauncey (1989) reported that fish fed fish meal diets have significantly the highest apparent amino acid digestibilities (90.5%) followed by those fed a linseed diet (85.5%) and the lowest was for fish fed a sesame diet (82.4%).  El-Sayed (1990) reported that growth of Nile tilapia fed a diet where fish meal was replaced by decorticated cotton seed meal and supplemented with 0.5% L-lysine was significantly lower than that of fish fed a control diet.

No significant differences were detected in growth of fish fed diets containing BSM either supplemented or unsupplemented with both amino acids.  El-Sayed (1990) obtained the same results where Nile tilapia fed diets with either decorticated cottonseed meal or corticated cottonseed meal, supplemented or not supplemented with 0.5% lysine showed no significant differences in body weight gain.  This was possibly due to decreased ability to utilize the crystalline amino acids and to the presence of some substances which react with crystalline amino acids preventing their absorption.  Lovell (1989) reported that crystalline amino acids were not absorbed from the gut at the same rates as amino acids from the ingested protein.  Lovell also stated that digestibility of some amino acids varies among fed ingredients.  For example apparent digestibility of lysine is 27% lower in cottonseed meal than soybean meal in Nile tilapia.

Robaina et al. (1995) reported that the deamination process of dietary protein was increased by increasing the substitution of fish meal by soybean meal.  Therefore, the deamination process may have occurred particularly in the most crystalline amino acids resulting in increasing liver weight and this may explain why hepatosomatic indices were increased in fish fed the diets containing BSM but supplemented with both amino acids.  Also, Alexis et al. (1986) reported a positive correlation between the carob seed germ meal (CSGM) of the diet and the hepatosomatic index.  These authors suggested that this correlation might result from glycogen accumulation created by a high digestibility of CSGM carbohydrate.

Carnivores have very short digestive tracts whereas herbivores are relatively long.  Robaina et al. (1995) stated that the delay in ammonia excretion noticed in fish fed diets containing vegetable proteins may have been related to a longer time required for the digestion, absorption and metabolism of plant proteins.  This indicates an increase in length of intestine by increasing plant protein level therefore, increasing the level of BSM may results in increasing the gut index.

Plasma protein concentration has been reported to be affected by starvation, food consumption and protein level.  Sano (1962) reported that serum total proteins in carp were declined after starvation where Alexis et al. (1986) demonstrated that the plasma protein level in rainbow trout was decreased by increasing dietary protein level.  Johnston et al. (1987) found that plasma protein level in both mature and immature Atlantic salmon (Salmo salar) was increased with increasing food consumption.  In the present investigation food consumption was decreased by increasing BSM up to 20%.  Also the protein quality may have declined by increasing the BSM (Table 2).  Therefore, plasma total protein decreased by increasing BSM.

The serum albumin in carp was 0.86-1.04 g/dl but if the carp were infected by haemorrhagic septicemia the level decreased to 0.07-0.11 g/dl (Flemming 1958).  Therefore, the level of plasma albumin recorded for the fish fed the experimental diets are reasonable and the declining level recorded for 20% BSM inclusion but supplemented with both amino acids may be due to the same reason reported for plasma total protein.

The incidence costs were lower for diets containing 10 and 20% BSM without amino acids supplementation and the profit indices indicate that these diets were more economically profitable.  However, the nutritional effects of the by-products level used must be carefully determined and take into account when selecting an economic inclusion level.  Therefore, the recommended level of the inclusion is 10% BSM and this choice is based on the nutritional parameters and economics analysis.  The profit index at this level was 2.68 whereas it was 2.49 for the control.  So this inclusion level will produce extra income estimated $ 55/t of fish.  The bad effect on increasing the inclusion levels of carob seed germ meal on fish growth was the higher production cost (in the present study is the incidence cost) of fish fed these diets because feed price and food conversion ratio increased (Alexis et al. 1986).
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Table 1.  Feed Formulation of the Experimental Diets Together with Their Proximate Analyses. 

Ingredient
Diets







1
2
3
4
5

Fish meal

Black seed meal

Meat and bone meal

Blood meal

Soybean meal

Corn meal

Starch

Corn oil

Mineral Mix1
Vitamin Mix2
Ascorbic acid

L-lysine

DL-methioine

Total
30.00

0.00

12.00

3.00

20.00

15.00

13.00

5.00

1.00

0.875

0.125

0.00

0.00

100.00
24.88

10.00

12.00

3.00

20.00

15.00

8.12

5.00

1.00

0.875

0.125

0.00

0.00

100.00
24.88

10.00

12.00

3.00

20.00

15.00

7.94

5.00

1.00

0.875

0.125

0.156

0.024

100.00
19.76

20.00

12.00

3.00

20.00

15.00

3.23

5.00

1.00

0.875

0.125

0.00

0.00

100.00
19.76

20.00

12.00

3.00

20.00

15.00

2.87

5.00

1.00

0.875

0.125

0.312

0.049

100.00

Proximate Analysis







Moisture

Ash

Crude protein

Ether Extract

Crude Fiber

NFE3
GE4 kcal/100 gm

P/E5 Ratio
6.82

9.93

36.54

11.18

1.11

34.41

448.66

81.89
7.62

9.47

36.80

12.69

1.51

31.91

454.82

80.78
7.62

9.47

36.58

12.69

1.51

32.13

454.82

80.78
8.44

9.01

36.87

14.20

1.91

29.57

460.89

79.72
8.44

9.01

36.74

14.20

1.91

29.70

460.89

79.72

1- See Soliman et al., (1994)

2- 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.

3-Nitrogen free extract

4- Gross Energy = (% Protein x 5.5) + (% Ether extract x 9.1) + (% Carbohydrate x 4.1) (Jauncey and Ross, 1982)

5- Protein/Energy ratio = (mg Protein / Kcal)

Table 2.  Proximate Analysis (%) and Amino Acids Composition of Black Seed Meal and Fish Meal (g/100g).

Parameter
Black seed meal 
Fish meal

Proximate analysis



Moisture 
10.23
4.23

Ash
6.25
21.23

Crude protein
30.00
58.64

Crude Lipids
21.32
12.06

Crude Fiber
3.98
0.0

Nitrogen free extract
28.22
3.84





Amino acids composition







Alanine 
2.37
2.64

Arginine
1.77
2.35

Asparatic acid
2.77
5.16

Cystine
1.29
0.40

Glutamic acid
2.53
4.28

Glycine
5.14
18.36

Histidine
1.08
0.94

Isoleucine
1.54
2.04

Leucine
1.64
1.68

Lysine
1.57
6.11

Methionine
0.74
1.92

Phenylalanine
1.37
1.20

Proline
1.90
3.06

Serine
1.18
1.36

Threonine
1.32
1.55

Tyrosine
0.50
1.18

Valine
1.28
1.78

Table 3.  The Effect of Ppartial Replacement of Fish Meal Protein with BSM Protein with and without Lysine and Methionine Supplementation on the Performance and Nutritional Parameters of Experimental Fish.

Parameter
Treatment (%BSM)








0
10%
10%

+AA
20%
20%

+AA
SYMBOL 177 \f "Symbol"SEM1

Initial avg. BW  (g)

4 weeks
Avg. BW  (g)

SGR (%d-1)

FCR

PER

8 weeks
 Avg. BW  (g)

SGR (%d-1)

FCR

PER

14 weeks
 Avg. BW  (g)

SGR (%d-1)

Survival rate

CF

FCR

PER

ANPU
2.42

4.99

2.58

1.53

1.79

11.81

2.83a
1.33b
2.05a
30.80a
2.60a
100

2.89

1.27

2.14

33.71
2.40

4.34

2.12

1.89

1.45

10.11

2.57ab
1.45ab
1.90ab
23.84b
2.34b
100

2.79

1.31

2.10

32.46
2.43

4.24

1.99

2.04

1.34

9.12

2.37b
1.60a
1.70b
23.66b
2.32b
100

2.74

1.37

1.99

29.57
2.45

4.57

2.23

1.79

1.53

9.49

2.42b
1.59a
1.72b
22.45b
2.26b
100

2.82

1.47

1.85

28.30
2.47

4.53

2.16

1.84

1.48

9.79

2.46b
1.54a
1.77b
21.18b
2.19b
100

2.85

1.54

1.78

26.68
0.020

0.160

0.099

0.080

0.074

0.460

0.069

0.041

0.059

1.280

0.044

0.060

0.060

0.090

1.710

a and b: Only means with different superscript letters are significantly different (P<0.05)

1- Standard error of the means derived from the analysis of variance

Table 4.  Results of Body Composition on Wet Weight Basis of Fish Fed the Experimental Diets.

Treatment
Wet weight (%)




(%BSM)
Total moisture
Ash
Crude lipid
Crude protein

Initial 

0.0

10%

10% + AA

20%

20% + AA

SYMBOL 177 \f "Symbol"SEM1
78.41

72.01

72.19

73.62

72.75

73.23

0.99
3.45

4.96

4.77

4.80

4.61

4.44

0.097
5.87

7.64

7.94

6.98

7.68

7.61

0.76
12.27

15.41

15.11

14.61

14.96

14.72

0.17

1- Standard error of the means derived from the analysis of variance

Table 5.  Physiological and Economical Parameters of Nile Tilapia Fed Diets Containing Ttwo Levels of BSM with and without L-Lysine and DL-Methionine Supplementaion.

Parameter
Treatment (%BSM)








0
10%
10%

+AA
20%
20%

+AA
SYMBOL 177 \f "Symbol"SEM1

Physiological parameters







HSI2 (%)

GI (%)

Plasma total protein

Albumin

Total globulin
1.54b
4.35b
3.48a
1.63a
1.85
1.44b
4.16b
3.69a
1.75a
1.94
2.09a
5.15b
3.39ab
1.70a
1.69
1.49b
6.67a
3.31ab
1.65a
1.66
2.01a
7.32a
3.05b
1.48b
1.57
0.10

0.36

0.10

0.03

0.24

Economical parameters







Cost/kg feed US $

Incidence cost3 US $
Profit index4
0.64

0.81

2.49
0.59

0.77

2.68
0.60

0.82

2.48
0.53

0.78

2.62
0.55

0.85

2.40
-

0.110

a and b: Only means with different superscript letters are significantly different (P<0.05)

1- Standard error of the means derived from the analysis of variance

2- Hepatosomatic index

3- Incidence cost = Cost of food consumed/kg of fish produced

4- Profit index = Price of fish produced / price of feed cost


