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ABSTRACT

Six diets were formulated to contain 0, 10, 15, 20, 25 and 30% black seed meal (BSM).  BSM protein replaced soybean meal protein by 0, 33.5, 50.2, 67, 83.7 and 100% respectively.  Nile tilapia (Oreochromis niloticus) fry were fed these diets for 12 weeks.  Fish fed the control diet and the diet containing 10% BSM exhibited better performance and nutritional parameters compared with those of fish fed the other diets.  No fish died from any treatment (100% survival).  No significant differences occurred in body composition data and hepatosomatic indices of fish fed the experimental diets.  Also, no significant differences were found in plasma total protein of fish fed diets containing 0, 10 and 20% BSM.  Incidence cost was correlated with increasing BSM levels and no significant difference in the profit index for fish fed the diets containing 0, 10 and 15% BSM was found.  Amino acid analysis revealed that the amino acid profile of soybean is better than that of black seed meal.  Results show clearly that the 10% BSM inclusion level is recommended in Nile tilapia diets.
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Introduction

Soybean meal has been used as a protein source in diets of various fish species (Jackson et al. 1982; Tacon et al. 1983; Viola et al. 1982; Viola and Arieli 1983; Mohsen and Lovell 1990; Shimeno et al. 1992; Refstie et al. 1998).

The extensive use of soybean in animal and human nutrition has made it necessary to identify new protein sources as a substitute for soybean meal.  Hughes (1991) reported that whole or dehulled lupine could be used to substitute for full fat soybean meal (FFSM) in diets of rainbow trout (Oncorhynchus mykiss).

Black seeds (Nigella sativa) are cultivated in the Mediterranean region and Asia (Hutchinson 1959).  These 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).

No reports have appeared in the literature concerning the inclusion of black seed meal in fish diets.  Therefore, the present study was undertaken to evaluate the nutritive value of black seed meal in diets of Nile tilapia (Oreochromis niloticus), one of the most important freshwater fish species cultured in the tropics (Hepher and Pruginin 1981).

materials and methods

Experimental System and Animals
Twelve glass aquaria with dimensions of 70 x 30 x 40 cm were used.  Each aquarium was filled with 75 ℓ of dechlorinated tap water.  During the experimental period (12 weeks) 12 ℓ of aquarium water per 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(1)º C, 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 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 was 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 were determined according to the method described by Duranti and Cerelli (1979).  The amino acid contents of both ingredients were determined by using Beckman amino acid analyzer Model 119 CL.

Diets and Feeding Regime

Six diets were formulated (Table 1) to contain 0, 10, 15, 20, 25 and 30% BSM.  The inclusion of black seed meal was at the expense of soybean meal (SBM), therefore, BSM protein replaced SBM protein by 0, 33.5, 50.2, 67, 83.7 and 100%, respectively.  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 two randomly assigned duplicate aquaria for 12 weeks.  Each aquarium was stocked with 20 fish (average weight 1.08-1.22 g).  A fixed feeding regime of 5% of the body weight per day (dry food/whole fish) was employed and fish were fed three 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, one aquarium at a time, in water without anaesthesia except for the terminal weighing when fish were anaesthetized (Ross & Geddes 1979) and weighed and measured to allow calculation of condition factor (Weightxloo/standard length3).  Initially three fish per aquarium were killed and subjected to proximate analysis and a final sample of 10 fish per aquarium were 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 min. 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 the method of Nose (1962).  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

Chemical evaluation and amino acid composition of BSM together with those of SBM are presented in Table 2.  BSM contains an appreciable amount of crude protein and the ratio of true protein : crude protein was similar to that found for SBM.  However, the amino acid profile of SBM protein was better than that of BSM protein, where levels of arginine, isoleucine, leucine, phyenlalanine and valine in soybean protein were higher than that of black seed protein (Table 2).  The results of the performance and nutritional parameters at 4, 8 and 12 weeks are presented in Table 3.  Nile tilapia fed the control (Diet 1) and the diet containing 10% BSM (Diet 2) at 12 weeks exhibited the highest body weight in comparison with those fish fed the diets 3-6 and the differences were significant.  The highest and lowest SGR were always recorded for fish fed the control diet and the soybean meal free diet (Diet 6).  No fish died during or at the end of the experiment.

Increasing the incorporation level of BSM resulted in poor FCR and PER and the differences were significant (Table 3).  No significant differences were found in condition factor, hepatosomatic index (Table 3) and body composition data (Table 4) for fish fed either a diet free of BSM or diets in which SBM was substituted gradually by BSM.

Plasma total protein levels (Table 3) showed no significant differences among fish fed diets containing 0, 10 and 20% BSM and the same trend was noticed for fish fed the diets containing different levels of BSM (15, 25 and 30%).

Incidence cost (cost of food consumed/kg of fish produced) increased with the inclusion level of BSM and the differences were significant (Table3).  No significant differences in profit index (Price of fish/price of feed) were detected for fish fed diets containing 0, 10 and 15% BSM and the lowest profit index was recorded for fish fed Diet 6, the soybean meal free diet (Table 3).

Discussion and ConcluSion

The low values of body weight and SGR of fish fed the diets containing the different levels of BSM are possibly due to:  1) Low essential amino acid levels provided by BSM when compared with those provided by SBM (Table 2).  2) Apparent amino acid availabilities for SBM were higher than that for BSM with the exception of methionine (Khalifah 1995).  3) Possible existing toxic substances in the BSM.  Tennekoon et al. (1991) reported that when aqueous extracts of black seeds were administered orally to rats at a dose of 10 ml/kg body weight this resulted in a significant increase in the serum of gamma glutamyl transferase and alanine amino transferase activities.  The first enzyme is a membrane - bound enzyme and its release depends on the physiological effects.  The concentrations of these two enzymes are generally regarded as one of the most sensitive index of hepatic damage (Szezeklik et al. 1961 and Wilkinson 1976).

Tryptophan deficiency in fish results in scoliosis, bending of the back bone in a vertical plane (Jauncey and Ross 1982).  Soliman et al. (1994) reported that Nile tilapia fed diets deficient in vitamin C showed a scoliosis with significantly higher condition factors.  In the present study no back bone abnormalities were noticed and normal condition factors were obtained for fish fed the experimental diets.  These results could be attributed to sufficient amounts of tryptophan being provided by black seed meal.

The survival rate was 100% for experimental groups which indicates clearly that the toxic substances which may exist are not lethal but only growth depressant.  Therefore, fish fed the black seed meal based diet obtained the lowest weight and the best growth was obtained by fish fed the soybean meal based diet (Table 3).

Based on the data presented in Table 2 and that of Khalifa (Table 5) several essential amino acid levels and apparent amino acid availabilities seem to decrease with increasing levels of SBM.  Therefore, it is not surprising that the best FCR, PER and ANPU were recorded for fish fed the BSM free diets and a diet containing 10% BSM.

Alexis et al. (1986) reported that plasma total protein of rainbow trout was decreased when dietary protein level decreased.  In the present study there was a decline in plasma total protein in Nile tilapia by increasing the BSM levels and this was not related to dietary protein level since the dietary treatments were isonitrogenous (Table 1) but possibly due to decreasing the essential amino acids contents by increasing BSM levels (Table 2).

The profit index declined significantly by increasing the BSM level and this result is in agreement with the results reported by Zewil (1996) who stated that there were economic benefits at lower inclusion levels of BSM but at higher inclusion levels the economic efficiency was reduced significantly.

Zewil (1996) suggested an inclusion level of 13.34% BSM is recommended in Japanese quail diet.  From the results of performance nutritional and physiological parameters and economic analysis, 10% inclusion level of BSM is recommended as the maximum in Nile tilapia diets.

ReferEnces

Abdel-Aal, E.S.M. and Attia, R.S. (1993a).  “Characterization of Black Cumin (Nigella sativa) Seed. 1- Chemical Composition and Lipids”.  Alexandria of Science Exchange 14: 467-482.

Abdel-Aal, E.S.M. and Attia, R.S. (1993b).  “Characterization of Black Cumin (Nigella sativa) Seed. 1- Protein”.  Alexandria of Science Exchange 14: 483-496.

Alexis, M.N., Theochari, V. and Popapara Skera-Papoutsogov, E. (1986).  “Effect of Diet Composition and Protein Level on Growth, Body Composition, Hematological Characteristics and Cost of Production of Rainbow Trout (Salmo gairdneri)”.  Aquaculture 58: 75-85

AOAC (1989).  “Official Methods of Analysis of the Association of the Official Analysis Chemists”.  (Horwitz, W., ed.).  Association of Official Analytical Chemists, Washington.

Armstrong, W.D. and Carr, C.W. (1964).  Physiological Chemistry Laboratory Directions (3rd ed.).  Burges Publishing Co., Minneapolis, Minnesota.

Duncan, D. B. (1955).  “Multiple Range an Multiple F Test”.  Biometrics 11: 1-42.

Duranti, M. and Cerelli, P. (1979).  “Amino Acid Composition of Seed Proteins of Lupinus albus”.  Journal of Agriculture Food Chemistry 27: 977-978. 

Hepher, B., and Pruginin, Y. (1981).  Commercial Fish Farming with Special References of Fish Farming Culture in Israel.  John Wiley and Sons, N. Y., USA, 216 pp.

Hughes, S.G. (1991).  “Use of Lupine Flour as a Replacement for Full-Fat Soy in Diets for Rainbow Trout (Oncorhynchus mykiss)”.  Aquaculture 93: 57-62 

Hutchinson, J. (1959).  The Families of Flowering Plants.  Oxford the Clarendon Press, volume 1 P, 21-27.

Jackson, A.J, Capper, B.S. and Matty, A.J. (1982).  “Evaluation of Some Plant Proteins in Complete Diets for the Tilapia (Sarotherdon mossambicus)”.  Aquaculture 27: 97-109.

Jauncey, K. and Ross, B. (1982).  A Guide to Tilapia Feed and Feeding.  Institute of Aquaculture.  University of Stirling, 111 pp.

Khalifah, M.M. (1995).  “Nigella Seed Oil Meal as a Protein Supplement in Broiler Diets”.  M.Sc Thesis, Faculty of Agriculture, University of Alexandria, 120 pp.   

Mohsen, A.A. and Lovell, R.L. (1990).  “Partial Substitution of Soybean Meal with Animal Protein Sources in Diets of Channel Catfish”.  Aquaculture 90: 303-311.

Nose, T. (1962).  “Determination of Nutritive Value of Food Protein in Fish. 1. On the Determination of Food Protein Utilization by Carcass Analysis”.  Bulletin of Freshwater Fish Research Laboratory (Tokyo) 11: 2-42.

Refstie, S., Storebakken, T. and Roem, A.J. (1998).  “Feed Consumption and Conversion in Atlantic Salmon (Salmo salar) Fed Diets with Fish Meal, Extracted Soybean Meal or Soybean Meal with Reduced Content of Oligosaccharides, Trypsin Inhibitors, Lectins and Soya Antigens”.  Aquaculture 162: 301-312. 

Ross, L.G. and Geddes, J.A. (1979).  “Sedation of Warm-Water Fish Species in Aquaculture Research”.  Aquaculture 16: 183-186.

Shimeno, S., Hasokawa, H., Kumon, M, Masumoto, T. and Ukawa, M. (1992).  “Inclusion of Defatted Soybean Meal in Diet for Fingerling Yellow Tail”.  Nippon Suisan Gakkaishi Bulletin of the Japanese Society of Scientific Fisheries 58: 1391-1325.

Snedecor, G.W. (1966).  “Two or More Random Samples of Measurement Data.  Analysis of Variance”.  In: Statistical Methods, 8th ed., pp. 237-290.  Iowa State University press, Ames, Iowa, USA

Soliman, A.K. (1985).  “Aspects of Ascorbic Acid (Vitamin C) Nutrition in Oreochromis niloticus and O. mossambicus”.  Ph.D. Thesis, Institute of Aquaculture, University of Stirling, Scotland, 421 pp.

Soliman, A.K., Jauncey, K. and Roberts, R.J. (1994).  “Water-Soluble Vitamin Requirements of Tilapia, Ascorbic Acid (Vitamin C) Requirement of Nile Tilapia, Oreochrmis niloticus (L.)”.  Aquaculture and Fisheries Management 25:269-278.

Szezeklik, E., Orlowski, M and Szewesuk, A. (1961).  “Serum Gamma Glutamyl Peptidase Activity in Liver Disease”.  Gastroenteralogym 41: 353-359.

Tacon, A.G.J., Haster, J.V., Featherstone, P.B.; Kerr, K. and Jackson, A.J. (1983).  “Studies on the Utilization of Full-Fat Soybean and Solvent Extracted Soybean Meal in a Complete Diet for Rainbow Trout”.  Bulletin of the Japanese Society of Scientific Fisheries 49: 1437-1443. 

Tennekoon, K.H., Jeevathayaparan, S., Kurukulasooriya, P.. and Karunanayake, H. (1991).  “Possible Hepatotoxicity of Nigella sativa Seeds and Dregea volubilis Leaves”.  J. Ethnopharmacology 31: 283-289.

Viola, S., Mokady, S., Rappaport, U. and Arieli, Y. (1981-1982).  “Partial and Complete Replacement of Fish Meal by Soybean Meal in Feeds for Intensive Culture of Carp”.  Aquaculture 26: 223-236.

Viola, S., and Arieli, Y. (1983).  “Nutrition Studies with Tilapia (Sarotherodon). 1- Replacement of Fish Meal by Soybean Meal in Feeds for Iintensive Tilapia Culture”.  Bamidgeh 35: 9-17.

Wilkinson, J.H. (1976).  The Principle and Practice of Diagnostic Enzymology.  Edward Araold (publishers) Ltd. London, pp. 305-348.

Zeweil, H. S. (1996).  “Evaluation of Substituting Nigella Seed Oil meal for Soybean Meal on the Performance of Growing and Laying Japanese Quails”.  Egyptian Poultry Science 16: 451-477.

Table 1.  Composition of the Experimental Diets Together with Their Proximate Analyses.

Ingredient
Diets







1
2
3
4
5
6

Fish meal

Meat and bone meal

Blood meal

Soybean meal

Black seed meal

Corn meal

Corn starch

Corn oil

Mineral Mix1
Vitamin Mix2
Ascorbic acid

Total
30.00

12.00

3.00

20.00

0.00

15.00

13.00

5.00

1.00

0.88

0.12

100.00
30.00

12.00

3.00

13.30

10.00

15.00

9.70

5.00

1.00

0.88

0.12

100.00
30.00

12.00

3.00

9.96

15.00

15.00

8.04

5.00

1.00

0.88

0.12

100.00
30.00

12.00

3.00

6.61

20.00

15.00

6.39

5.00

1.00

0.88

0.12

100.00
30.00

12.00

3.00

3.26

25.00

15.00

4.74

5.00

1.00

0.88

0.12

100.00
30.00

12.00

3.00

0.00

30.00

15.00

3.00

5.00

1.00

0.88

0.12

100.00

proximate Analysis







Moisture

Ash

Crude protein

Ether Extract

Crude Fiber

NFE3
GE4 Kcal/100 gm

P/E5 Ratio
7.04

9.57

36.40

12.07

1.11

33.81

452.63

79.92
7.33

9.78

36.10

14.12

1.23

31.44

461.13

78.50
7.48

9.88

36.55

15.15

1.28

29.66

465.26

77.81
7.64

9.98

36.35

16.17

1.34

28.52

469.29

77.14
7.78

10.08

36.23

17.20

1.40

27.31

473.45

76.46
7.94

10.20

36.85

18.23

1.45

25.33

477.45

75.80

   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)(Jancey and Ross, 1982)

   5- Protein/Energy ratio = (mg Protein / Kcal)
Table 2.  Performance, Nutritional, Physiological and Economical Parameters of Fry of Nile Tilapia Fed Diets Containing Different Levels of Black Seed Meal for 4, 8 and 12 Weeks.

Parameter
Treatment (%BSM)








0
10%
15%
20%
25%
30%
(SEM1

Initial avg. BW (g)

4 weeks
Avg. BW (g)

SGR2 (%d-1)

FCR3

PER4

8 weeks
 Avg. BW (g)

SGR (%d-1)

FCR

PER

12 weeks
 Avg. BW (g)

SGR (%d-1)

Survival rate (%)

CF5

FCR

PER

ANPU6 (%)

HIS7 (%)

PTP8 (g/dl)3

Cost /kg feed US$ 

Incidence cost9

Profit Index10
1.11

2.55a
2.98a
1.35d
2.06a
6.05a
3.03a
1.28d
2.17a
13.99a
3.02a
100

3.16

1.27d
2.20a
31.75a
1.69

3.29a

0.64

2.81c

2.49a
1.15

2.34b

2.56b

1.54c

1.79b

5.08b

2.66b

1.44c

1.93b

11.30b

2.73b

100

3.40

1.38cd

2.02ab

29.33ab

1.68

2.97ab

0.62

2.93bc

2.40ab


1.12

2.28b
2.54b
1.56bc
1.78b
4.91b
2.64bc
1.45c
1.92b
9.67c
2.57bc
100

3.53

1.53bc
1.81bc
25.27bc
1.57

2.88b

0.61

3.19bc

2.21abc

1.16

2.25b
2.36bc
1.72b
1.61c
4.51b
2.42cd
1.62b
1.71c
9.08c
2.45cd
100

3.44

1.58b
1.75c
25.29bc
1.69

2.97ab

0.59

3.21abc

2.18bc
1.20

2.34b
2.39bc
1.69abc
1.64c
4.47b
2.36d
1.69b
1.64c
8.71c
2.37d
100

3.31

1.65b
1.67cd
24.01c
1.43

2.63b

0.58

3.30ab

2.12bc
1.10

2.05c
2.22c
1.84a
1.51c
3.57c
22.10c
1.97a
1.41d
6.56d
2.13c
100

3.22

1.85a
1.50d
21.48c
1.47

2.71b

0.57

3.61a

1.94c
0.020

0.050

0.064

0.064

0.035

0.200

0.063

0.035

0.050

0.410

0.050

0.070

0.050

0.071

1.180

0.243

0.100

-

0.112

0.081

a, b, c and d: 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- Specific growth rate 
3- Food conversion ratio 
4- Protein efficiency ratio 

5- Condition factor 
6- Apparent net protein utilization     7- Hepatosomatic index

 8- Plasma total protein   9-Incidence cost=Cost of foof consumedlkg of fish produced 10-Profit index = price of fish produce / price of feed cost

Table 3.  Composition Data 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%

15%

20%

25%

30%

(SEM1
79.83

73.03

72.90

74.06

72.96

73.42

73.60

0.61
3.01

4.17

4.05

4.18

4.07

3.92

4.21

0.058
4.50

8.48

8.74

7.97

8.81

8.71

8.09

0.310
12.66

14.34

14.32

13.80

14.17

13.96

14.11

0.520

Table 4.  Apparent Amino Acid Availability of Black Seed Meal and Soybean Meal.

Amino Acid
Apparent Amino Acid Availability1 (%)


black seed meal
Soybean meal

Arginine 
60.31
91.00

Histidine 
80.06
91.00

Isoleucine 
78.30
93.00

Leucine 
62.28
92.00

Lysine 
77.96
92.00

Methionime 
98.33
90.00

Phenylalane 
87.35
94.00

Threonine 
81.65
90.00

Valine 
79.14
91.00

    Khalifah (1995)
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