                                                                                                  Ali E. Abdelghany

                                                                                            12 Siqur-Korish, Apt. # 23

May 5, 2000                                                                          Maadi El-Gededa,Cairo, 

                                                                                                              Egypt.

                                                                                              Home Tel: (02)5162405

                                                                                              Home Fax: (02)7546912

                                                                                      E-mail: abdelgh@thewayout.net 

Dr. Kevin M. Fitzsimmons

Department of Soil, Water and 

Environmental Science.

College of Agriculture

2601 E. Airport Drive

Tucson AZ 85706,

USA.

Hi Kevin


I have mailed hard copies and a disk copy of two papers to you on April 15. I checked the list in the web page for the papers and abstracts submitted to the conference but I found that my papers are not listed. Sorry that you have not received them yet, but you will. Here, I am emailing the two papers as attachment to avoid more delay and I wish this would not make a problem. Please, let me know when you receive the hard copies of my papers. Thanks Kevin in advance for your cooperation.

My best regards.

Yours Sincerely

Ali E. Abdelghany  

Replacement Value of Cystine for Methionine in Semipurified Diets Supplemented with Free Amino Acids for the Nile Tilapia, Oreochromis niloticus  L. Fry

Ali E. Abdelghany

Central Laboratory of Aquaculture Research, Abbassa, Abohamad, Sharkia, Egypt.

ABSTRACT

A growth study was carried out to evaluate the replacement value of cystine (cys) for methionine (met) in diets of Nile tilapia (Oreochromis niloticus) fry. Fish were fed seven isonitrogenous (28% crude protein) and isocaloric (4.67 kcal GE / g diet) diets containing 12% intact protein from casein and gelatin, and the equivalent of 16% protein in the form of crystalline L-amino acids. All diets had similar amino acid patterns except for sulfur- bearing amino acids (met and cys), where they together were supplemented at an equimolar sulfur concentration of 4.03 mmole / 100g diet but at various ratios. The various met : cys  ratios were 100:0, 60:40, 50:50, 40:60, 30:70, 20:80 and 0:100 on a sulfur molar basis. The sum of supplemented and natural met and cys provided a total sulfur concentration of 5.20 mmole/100g of diet. This sum gave total met: cys ratios of 97:03, 66:34, 58:42, 51:49, 43:57, 35:65 and 19:81 on a sulfur molar basis. The results indicated that the highest weight gain (g/fish), growth rate (g/day) and protein efficiency ratio (PER) were obtained with the diet for which the supplemented met: cys ratio was 50:50 giving a total ratio of 58:42 on sulfur molar basis or a total ratio of 0.45:0.26 as absolute percentages of the dry diet. These response criteria were significantly (p < 0.05) better than those of fish fed diets containing met: cys at all the other ratios. Therefore, it is suggested that cys could supply 42% of Nile tilapia's need for sulfur bearing amino acid on sulfur molar basis to attain maximum performance in terms of growth rate and efficiency of utilizing dietary protein (PER). The results also showed that the growth parameters of weight gain, % weight gain, growth rate (g/d), as well as feed efficiency parameters of feed conversion ratio (FCR), PER and protein productive value (PPV) were as high when 65% of the total sulfur- bearing amino acids came from cystine, as when almost all (about 97%) came from methionine. No significant effect of the various dietary  treatments on the percentage of water, protein, lipid or ash of fish body composition were observed at the end of the experiment

INTRODUCTION

Methionine serves as a precursor of many body components, the methyl group being a major contributor to the body pool of one-carbon units required for transmethylations, the biosynthesis of choline, thymidine, ...etc. Methionine may be converted to cystine which is a constituent of glutathione and has a number of physiological roles in animals (Meister 1981). Practical fish diets are frequently low in methionine and probably not in total sulfur-containing amino acids represented by the sum of methionine and cystine. This may explain the importance of investigating the degree to which cystine can spare methionine in animal feeds.

 Several studies have been carried out to investigate the degree to which cystine can replace methionine in the diets of poultry (Sasse and Baker 1974), pig (Baker et al. 1969), rat (Stipanuk and Benevenga 1977) and fish such as sea bass, Dicentrarchus labrax  (Hidalgo et al.,1987), rainbow trout, Salmo gairdneri  (Walton et al.1982), and channel catfish, Ictalurus puncetatus  (Harding et al., 1977). These studies have demonstrated that cystine can replace part but not all of the dietary need for methionine. These studies also have demonstrated that the degree to which cystine can replace methionine varies among species and depends upon the level of protein in the diets. 

Nile tilapia, Oreochromis niloticus L. is an important food fish in Africa and is extensively cultured in several countries in the world (Abdelghany 1997). Nile tilapia aquaculture may soon have to be intensified to increase production. Intensification would require improved production technology, including efficient formulated feeds. Information on the degree to which cystine can spare methionine in Nile tilapia diets is essential to the formulation of nutritionally adequate and economical feeds. Therefore, the purpose of this investigation was to assess the replacement value of cystine for methionine in the diet of Nile tilapia fry.

MATERIALS AND METHODS

Fish and Culture Techniques:

The study was conducted at the University of Washington, School of Fisheries, Seattle, Washington, USA. Mixed sex Nile tilapia fry were obtained from a commercial fish hatchery. Prior to the start of the experiment, all fish were kept indoors and placed in a fiberglass tank where they were fed a commercial diet containing 30% protein for 2 weeks as an acclimation period to the laboratory conditions. After the acclimation period, the average weight of fish was 0.62 ± 0.03 g. Freshwater from Lake Washington was continuously supplied to each culture unit consisting of 21 circular polypropylene 70-L tanks. Flow rate was approximately 0.5 L / min. Water temperature was controlled at 28 ± 1C° by mixing heated and unheated water. Water was passed through a mechanical filter equipped with a 15-µm polyester cartridge to remove suspended particulates. Each tank was supplied with compressed air via an airstone. Fish were divided into 21 groups (40 fish/group). Each group of fish was collectively weighed to the nearest 0.01g using an electronic top-loading balance and randomly assigned to a tank. Fish in each tank were weighed every 2 weeks. Feed was withheld 1 day prior to weighing. The weight of the fish in each tank was used to calculate the amount of feed fed. Dead fish were removed and recorded daily. Lighting was maintained at 13 h light : 11 h dark. Water quality was periodically assessed using a YSI model 55 oxygen meter (Yellow Springs Instruments Inc., Yellow Springs, Ohio, USA) to measure dissolved oxygen and water temperature, a Corning Model 345 electronic Ph meter (Corning Medical, Medfield, Massachusetts, USA) to measure Ph, a Hach DREL/5 kit (Chemicals, Loveland, Colorado, USA) to measure total ammonia and sulfuric acid titration to measure total alkalinity.

Diet Preparation and Feeding Regimen:

A semi-moist basal diet was prepared from purified ingredients (Table 1) and was used to formulate seven identical diets in all  nutrient contents except for  methionine (met) and cystine (cys) which were at various ratios (Table 3). The diets contained 28% crude protein and 4.67 kcal gross energy GE / g (dry- matter basis). The dietary protein was slightly below the optimum requirement (30% crude protein) for growth of Nile tilapia as reported by (Wang et al. 1985) to assure maximum utilization of the limiting methionine. Vitamin- free casein and gelatin in the diet served as natural protein sources and were present at a ratio of 1:4.7 in order to obtain  low methionine (1.5g met / kg diet) and cystine (0.02g cys / kg diet) contents. At these levels of met and cys, an equimolar sulfur concentration of 11.7 mmole / kg diet was provided. Casein and gelatin provided a part of the protein (12%) in the diets and the other part of the protein (16%) was supplied by free crystalline L- amino acid mixtures-A and B (Table 1, 2 and 3). Mixture-A contained all the free amino acids except for met and cys and was prepared to give a concentration of 15.4% of dry diet. Mixture-B contained equimolar sulfur bearing amino acids (met + cys) at various combinations but all provided 0.6% of the dry diet. Amino acid concentrations of the casein and gelatin were analyzed and were found to be close to the published values by NRC (1983). The supplemented essential free-amino acids in mixture-A were estimated in such a way that together with the amino acids available from casein and gelatin provide the amino acid pattern found to be optimal for Nile tilapia (Santiago & Lovell 1988). The free nonessential amino acids in the supplemented mixture-A were added in such quantities similar to that of their existing ratios in channel catfish flesh (Wilson & Poe 1985), this because their existing ratios in Nile tilapia are not known. The crystalline amino acids in the supplemented mixture-A were separately prepared and mixed together in a twin shell mixer. The dry ingredients including the amino acid mixture-A were blended in a Hobart mixer to make the basal diet. The basal diet was divided to seven equal portions, each of which represented a diet. To study the cystine sparing effect, seven different mixtures-B were prepared with various combinations of free L- met and L- cys at reverse graded levels (e.g. graded decrements of met and graded increments of cys). The supplementary sulfur - bearing amino acids (SAA) in each combination were adjusted to give a selected equimolar sulfur concentration of 40.3 mmole / kg diet which was equivalent to the amount of sulfur provided by 0.6% methionine (Table 3). The sum of the supplemented and intact SAA gave a total equimolar sulfur concentration of 52.0 mmole/kg diet. The supplementation of 0.60% met equivalent from the B-mixtures plus 0.15% met from the natural ingredients assured a total met concentration of 0.75% in all diets which was found to be optimal for growth of Nile tilapia (Santiago & lovell 1988). 

Methionine and cystine in the seven combinations of the B-mixturs existed at ratios varying from 100:0 to 0:100 (on a sulfur- molar basis).  The seven combinations of met:cys ratios were 100:0, 60:40, 50:50, 40:60, 30:70, 20:80 and 0:100 as presented in (Table 3). Due to the difference in percent of sulfur in met and cys (met contains 21.48% sulfur and cys contains 26.67% sulfur), the seven combinations of SAA in the B mixtures were made isonitrogenous by adding alanine when necessary in such quantities to give identical crystalline amino acid concentrations of 0.6% in all the

Table 1. Formulation and proximate chemical analysis (expressed as % dry matter) of 

             the experimental diet.
Components


%

Vitamin free casein
2.40

Gelatin
11.40

Amino acid mixture-A1
15.40

Sulfur-bearing amino acid mixture-B's2
0.60

Cod liver oil
3.00

Corn oil
5.00

Dextrin
37.69

 Cellulose
15.51

Vitamin mixture3
3.00

Sulfur free mineral mixture4
Carboxymethylcellulose (Binder)

Proximate chemical analysis
Moisture

Protein

Lipid

Ash

Estimated gross energy (kcal/g)


3.00

3.00

26.30

27.87

7.91

6.94

4.67



1- see table-2                                    2- see table-3
3- Vitamin premix (per kg of premix): thiamine, 2.5g; riboflavin, 2.5g; pyridoxine, 2.0g; inositol, 100.0g; biotin, 0.3g; pantothenic acid, 100.0g; folic acid, 0.75g; para-aminobenzoic acid, 2.5g; choline, 200.0g; nicotinic acid, 10.0g; cyanocobalamine, 0.005g; a-tocopherol acetate, 20.1g; menadione, 2.0g; retinol palmitate, 100,000 IU; cholecalciferol, 500,000 IU.

4- Mineral premix (g/kg of premix): CaHPO4.2H2O, 727.2; MgCO4.7H2O, 127.5; KCl 50.0; NaCl, 60.0; FeC6H5O7.3H2O, 25.0; ZnCO3, 5.5; MnCl2.4H2O, 2.5;  Cu(OAc)2.H2O, 0.785; CoCl3..6H2O, 0.477; CaIO3.6H2O, 0.295; CrCl3.6H2O, 0.128; AlCl3.6H2O, 0.54; Na2SeO3,  0.03.
combinations. The free SAA of met and cys of each combination were separately dissolved in 50 ml of water and each of the seven solutions were added to one of the basal diet portions, then 6N NaOH was gradually added to establish a  Ph level of  7.0 ± 0.3 units. The ingredients of each diet were separately blended with oil and an additional 100 ml of water to make a paste of each diet. The pastes were separately chilled to 2C°, passed through a grinder, and pelleted in a modified paste extruder (LA Parmigiana, Fidenza, Italy) to form pellets (1.8 mm in diameter and 4.0 mm in length). The seven diets were identical in all the nutrient contents but containing the free met & cys in graded levels at various ratios as presented in Table-3. 

Diet-1 was totally supplemented with SAA in the form of met and was considered as a control diet because its contents of met was at the optimal concentration level for Nile tilapia as determined by Santiago and Lovell (1988). Calculated amino acid concentrations in all diets were confirmed by amino acid analysis. Because of the similarity of diet components and for reasons of simplicity, amino acid concentrations in the diets are listed only once (Table-2) representing all the other test diets 1 to 7. The diets were stored in hermetically-sealed plastic bags at -20C°. Each diet was removed from the freezer and stored in a refrigerator (2C°) for 1 week before being fed. Each of the seven diets was fed to triplicate groups of tilapia three times daily (six days / week) at a rate of 5% of body weight for a period of 13 weeks.
Table 2. Amino acid composition (as % dry matter basis) of the experimental diets.


% dietary amino



Amino acids
acids supplied from

2.40g casien +  11.40g gelatin


% free amino acids

added in diets

(mixture-A)


% total amino acids in diets

Lys
0.57
0.86
1.43

Arg
0.87
0.31
1.18

His
0.15
0.33
0.48

Thr
0.29
0.76
1.05

Val
0.40
0.38
0.78

Leu
0.54
0.41
0.95

Ile
0.30
0.57
0.87

Phe
0.32
0.73
1.05

Trp
0.04
0.24
0.28

Met
0.15
†
*

Cys
0.02
†
*

Tyr
0.18
0.67
0.85

Gly
2.24
1.67
3.91

Ala
0.98
1.29
2.27

Glu
1.66
2.95
4.61

Asp
0.86
2.00
2.86

Ser
0.48
1.00
1.48

Pro
1.95
1.23
3.18

†- amino acid mixtures-B's (variable, see Table 3)                 *- Variable (see Table-3)

Table 3. Total and supplemented sulfur amino acids (met + cys) in the tested diets



supplemented
 
      Total (supplied
+  natural)

Diet

number
sulfur amino acids

as % of dry diet
(mixtures-B's)

met            cys

%               %
Total

met + cys

mixtures-B's
as % of dry

diet1
met : cys

ratio

into diets2
sulfur amino acids

as % of dry diets

met             cys

%               %
Total

met : cys

ratio

in diets2

1 
0.600       0.000
0.600
100:0
0.75           0.02
97 : 03

2
0.360       0.193
0.553
60:40
0.51           0.21
66 : 34

3
0.300       0.242
0.542
50:50
0.45           0.26
58 : 42

4
0.240       0.290
0.530
40:60
0.39           0.31
51: 49

5
0.180       0.338
0.518
30:70
0.33           0.36
43 : 57

6
0.120       0.387
0.507
20:80
0.27           0.41
35 : 65

7
0.000       0.483
0.483
0:100
0.15           0.50
19 : 81

1- In order to make all the diets isonitrogenous, alanine was added when necessary to the combinations (of mixtures-B's) in such quantities as to give identical concentration of 0.60% amino acid in the diets. 

2- on sulfur molar basis (As % of sulfur bearing amino acids).

It should be noted that prior to initiation of the study, a preliminary trial with a sample of 150 Nile tilapia fry was conducted to estimate the suitable daily feeding rate for the experimental free amino acid diets. The fish were taken from the conditioning fiberglass tank and divided equally into three groups of 50 fish. Each group was weighed collectively and placed in one of the circular tanks of the previously described rearing system. The fish were manually fed a mixture (in equal proportions) of the experimental diets to apparent satiation as described by Cowey et al. (1975) three times / d for 2 weeks. Amounts of feed fed to each group of fish were calculated and the mean value of the daily feeding rate of 5% BW per day was estimated accordingly.

Amino Acid Analysis:

Amino acid analysis of the diets, fish muscle and plasma from blood was carried out using  high performance liquid chromatography (HPLC; Hewlett Packad1090 II, equipped with column type: Aminoquant system, Avondale, Pennsylvania, USA). Weighed samples of the diets, casein and gelatin were separately put into a 25 X 200 mm Pyrex test tubes that had been necked down. Standards of sarcosine and norvaline, 0.5 ml of mercaptoethanol (OPA), 0,5 ml of 1% octanol in toluene, and 20 ml of 6N HCl were added. The tubes were alternately evacuated and purged with N2, and then sealed under reduced pressure. After incubation at 115C° for 20 hours, the solution was dried to approximately 1.5 ml. Two ml of 0.1N HCl were added to the solution, vortexed, and filtered (0.45 Mm, Acrodisc) into a vial then loaded into the HPLC. Samples of blood and muscles were collected from fish which were starved overnight (18 h) after the final feeding to avoid as much as possible errors due to diurnal variation of amino acid concentration then prepared for amino acid analysis. Four fish from each tank (12 fish / treatment) were removed, anesthetized using tricainemethane-sulfonate (MS 222, Sandoz). Blood samples were withdrawn from the caudal vein with heparinized syringes, put separately in 1- ml heparinized tubes and immediately centrifuged at 5,000 rpm for 15 min. to remove red blood cells. Plasma from each tube was collected, mixed with three volumes of trichloroacetic acid (TCA: 10%), homogenized in an ultrasonic bath and centrifuged at 5,000 rpm for 15 min. to extract free amino acids. Then the supernatant fraction was collected, filtered and directly injected into the HPLC for free amino acid determination as above described for diets. Latero-dorsal muscle samples were collected, freeze dried and were subjected to amino acid analysis in a similar manner as previously described for diets. 

Haematocrit Determination:

Similar to the above described technique for blood sample collections, blood samples from twelve fish in each treatment were separately taken in heparinized tubes and haematocrit (Hct) was determined according to Sandnes et al. (1988).

Proximate Analysis of Diets and Fish:

The basal diet and pooled samples of 4 fish from each replicate were analyzed using standard methods of the Association of Official Analytical Chemists (AOAC 1990) for protein, fat, ash and moisture. Nitrogen content was measured using a Tecator digestion and distillation apparatus (Perstorp Analytical Inc., Herndon, Virginia, USA) and crude protein was estimated by multiplying nitrogen content by 6.25. Lipid content was determined by ether extraction and ash was determined by combusting samples in a muffle furnace at 600 C° for 5 h. Moisture content was estimated by heating samples in a forced air oven at 105 C° for 24 h and computing weight loss. Gross energy was calculated using values of 5.65 kcal / g protein, 9.45 kcal / g lipid and 4.1 kcal / g carbohydrate (Brett 1973; Jobling 1983). 

Statistical Analysis:

Data on growth, feed utilization, survival rate, concentration of free- amino acids in plasma and muscle were subjected to one-way analysis of variance (P< 0.05). Differences between were determined at the 5% probability level using Duncan’s new multiple range test (Duncan 1955).

RESULTS

Values of feed efficiency and growth parameters of fish given the seven diets over the experimental period are shown in Tables 4 and 5. The most efficient diet was diet 3 for which the supplemented Met:Cys ratio was 50:50 on a sulfur-molar basis. Diet-3 contained 52.0 mmole of total sulfur (from met plus cys) / kg at a global ratio of 58:42 on a sulfur molar basis. Fish fed diet-3 had significantly (p < 0.05) the higher values for weight gain, growth rate (g/day) and protein efficiency ratio (PER) compared to those of fish fed the other diets including the control diet-1 (Table 4 and 5). Fish fed diet-7 showed poor feeding appetite and slow swimming activities. These fish also had significantly (p < 0.05) the lowest weight gain,  growth rate (g/day) and % survival compared to other fish groups (Table 4). Fish fed diet-7 also had significantly (p < 0.05) lower values of PER and PPV as well as the highest FCR value among all groups (Table 5). No significant differences (p > 0.05) in weight gain, growth rate (g/day), % survival, FCR, PER and PPV were noted among fish fed diet-1 (control diet) and those fed diets 2, 4, 5 or 6 (Tables 4 & 5). 

Table 4. Growth data of fish fed the experimental diets with different met : cys ratios

Diet number
sulfur amino

acids as %

of dry diets

met       cys

%         %
Total (added

+ natural)

met : cys

ratio

in diets1
Weight gain

(g / fish)*
% weight gain2
Growth rate

(g / day)
% Survival

1
0.75      0.02
97 : 03
0.59 b
92.2 b
0.006 b
80.0 b

2
0.51      0.21
66 : 34
0.72 b
112.4 b
0.008 b
70.8 b

3
0.45      0.26
58 : 42
0.92 c
144.5 c
0.010 c
76.7 b

4
0.39      0.31
51: 49
0.73 b
118.3 bc
0.008 b
71.7 b

5
0.33      0.36
43 : 57
0.69 b
111.2 b
0.008 b
82.6 b

6
0.27      0.41
35 : 65
0.55 b
94.4 b
0.006 b
66.7 b

7


0.15      0.50
19 : 81
0.35 a
59.8 a
0.004 a
49.2 a

Means with common superscripts in the same column are not significantly (p > 0.05) different.

* Initial mean weight (g / fish) = 0.62 ± 0.03g

1- on sulfur molar basis (As % of sulfur bearing amino acids).

2- % weight gain = [(final weight - initial weight) / initial weight] X 100.

Table 5. Feed effeciency data of the experimental diets containing different met : cys

             ratios  fed to Nile tilapia fry for 13 -weeks.

Diet number
Total (added + natural)

met : cys

ratio

in diets1
Daily sulfur amino acids intake2
met          cys
Feed intake

(g / fish)
FCR3
PER4
PPV5

1
97 : 03
14.6         0.4
2.93 a
5.02 a
0.97 b
18.50 b

2
66 : 34
8.8           3.7
3.05 a
3.87 a
1.11 b
24.88 c

3
58 : 42
7.2           4.2
3.07 a
3.38 a
1.46 c
26.03 c

4
51: 49
7.0           5.6
2.97 a
4.03 a
1.19 b
22.53 bc

5
43 : 57
6.2           6.7
3.02 a
4.39 a
1.12 b
20.53 bc

6
35 : 65
5.3           8.0
2.78 a
5.01 a
0.97 b
19.94 bc

7


19 : 81
3.3          11.1
2.60 a
7.59 b
0.68 a
12.94 a

Means with common superscripts in the same column are not significantly different ( p > 0.05).

1- on sulfur molar basis (As % of sulfur bearing amino acids).

2- as mg /100 g live weight of fish

3-  FCR = dry feed intake (g / fish) / wet weight gain (g / fish).

4- PER = weight gain (g / fish) / protein intake (g / fish).

5- PPV = Protein gain (g / fish) / protein intake (g / fish).
The levels of free amino acids in plasma and muscle, 18 h after feeding, are shown in Table-6. In general, the concentrations of met or cys in plasma showed higher amplitude than those in  muscle of Nile tilapia. Cystine and methionine did not exhibit the same pattern in the plasma as their dietary levels. Although the plasma met concentration was not significantly (p > 0.05) different in all the treatments, it appeared that plasma free met level increased from 0.56 to 1.18 mg / ml with the gradual increase in total dietary met concentration from 0.15% (diet-7) to 0.39%  (diet-4) then, further increase in the dietary met concentration caused gradual decrease in the plasma free met level (Table-6). To the contrary, the plasma free cys level increased from 7.60 to 40.55 mg / g with the gradual decrease in total dietary cys concentration from 0.50%  (diet-7) to 31% (diet-4), then further decrease in the dietary cys concentration caused continuous decrease in the free cys level in the plasma, but in all cases, the differences were not significant (p > 0.05) except for plasma free cys levels of fish fed diets 7 and 4 where the differences between them were significant (p < 0.05).


While free met levels of plasma ranged from 0.41 to 1.81 mg/ml with no statistical differences (p > 0.05), free met levels in muscle ranged from 0.003 to 0.006 mg/ml with significant differences (p < 0.05) among dietary treatments. However, the data of free met or cys levels in muscle showed a somewhat linear relationship with the met level in the diets (Table 6). 

The results of haematocrit values of fish fed the test diets at the end of the experiment (Table-6) varied among the test groups.  The highest value of haematocrit  was obtained with fish fed diet-3. The variations in haematocrit (29.7-42.2%) were generally within the ranges given for Nile tilapia by Abdelghany (1986) as normal. 

Table 6. Concentration of free amino acids in muscle and plasma of blood of Nile 

            tilapia fed experimental diets containing different met : cys ratios for 13 weeks



sulfur amino




Diet

number
supplemented

met : cys

ratio

into diets1
acids as %

of dry diets

met       cys

%         %
Hematocrit

%
sulfur amino acid concentration in

plasma2
met               cys
sulfur amino acid concentration in

muscles2
met                 cys

1 
100:0
0.75      0.02
35.50 b
0.41 a       13.80 ab
0.006 c       0.524 b

2
60:40
0.51      0.21
40.83 d
0.44 a       13.92 ab
0.006 c       0.340 ab

3
50:50
0.45      0.26
42.19 d
0.51 a       22.25 ab
0.005 bc     0.302 ab

4
40:60
0.39      0.31
39.70 cd
 1.81 a       40.55 b
0.005 bc     0.253 a

5
30:70
0.33      0.36
36.18 bc
1.28 a       35.05 ab
0.004 ab     0.265 a

6
20:80
0.27      0.41
31.22 a
0.72 a       27.15 ab
0.004 ab     0.262 a

7


0:100
0.15      0.50
29.70 a
0.56 a         7.60 a
0.003 a       0.220 a

Means with common superscripts in the same column are not significantly different ( p > 0.05).

1-  on sulfur molar basis (As % of sulfur bearing amino acids).

2- as mg ml-1
Table 7. % proximate chemical composition of Nile tilapia fry fed experimental diets 

               containing different met : cys ratios for 13 -weeks.

Diet number
cys % of total

dietary sulfur amino acid
supplemented

met : cys

ratio

into diets1
Moisture

%
Protein

%
Lipid

%
Ash

%

1
2.6
100:0
75.15 d
55.86 ab
14.94 ab
18.08 b

2
29.5
60:40
73.68 bc
57.42 b
26.94 c
16.84 ab

3
36.8
50:50
74.02 c
54.20 ab
11.95 ab
16.30 ab

4
44.3
40:60
72.91 a
53.32 a
19.43 bc
15.35 a

5
52.0
30:70
72.45 a
52.68 a
7.39 a
17.38 ab

6
60.1
20:80
73.09 ab
55.24 ab
6.38 a
17.77 ab

7


77.0
0:100
73.92 c
52.98 a
5.29 a
15.53 ab

* No significant (p > 0.05) differences between means with the similar letter in the same column.

1- on sulfur molar basis (As % of sulfur bearing amino acids).

Data on the proximate composition of whole fish at the end of the experiment are presented at Table-7. The results showed that there was no relationship between met or cys levels in the diets and the percentage composition of whole fish body. 

Water quality was analyzed and the ranges of parameters were as follow: temperature 26.5 - 29.8 C،, Ph, 7.4 - 7.8, dissolved oxygen, 6.8 - 7.1 mg / L, total ammonia - nitrogen, 0.018 to 0.045 mg / L and total alkalinity, 260 - 284 mg / L as CaCO3. All values were within acceptable limits for good growth of tilapia  (Boyd, 1990).

DISCUSSION

Results of the present study suggest that cys could supply up to 65% of the SAA  requirement (on a sulfur molar basis) in diets of Nile tilapia without adverse effects on growth or feed efficiency. However, because the maximum performance in terms of weight gain, and PER was attained by fish groups that received diet-3 (in which the total met : cys ratio was 58 :42  on sulfur molar basis) and the values of those parameters were significantly higher  (p < 0.05) compared to those of  all other fish groups, it can be suggested that a replacement value of 42% of SAA as cys would provide a safe figure for use in formulating practical diets for Nile tilapia fry to achieve maximal growth performance. The cys sparing value likely increases slightly with advancing age and weight of an animal (Graber,et al.1971) and hence, a value of 42% would seem appropriate for Nile tilapia fry through the 13-week growing period. At this level of cys replacement, the daily met intake was about 72 mg / kg live weight for fish and the daily cys intake was about 42 mg / kg live weight for fish weighing 1.6g (Table 5). The replacement value of cys for met "on a sulfur molar basis" of 42% for Nile tilapia is somewhat lower than the value of 68% reported for growing rats  (Rama-Rao et al.1961); the values of 56 to 66% for  pigs (Baker et al.1969) and the value of 60% for the channel catfish (Harding et al.1977) and is nearly on line with the value of 48% for chick (Sasse and Baker 1974).

Survival rates were generally moderate with no significant differences ( p > 0.05) among  treatments and did not show a relationship with the levels of met or cys in the diets except for fish group fed diet-7 " had no met supplementation" where survival rate was clearly poor (< 50 %) (Table 4) and was significantly (p < 0.05) lower comparing to that of fish received  the other diets. However, no gross pathological signs were found in any of the surviving fish. These results indicate that diet-7 was nutritionally poor and severely unbalanced in its SAA contents. The results also indicate the essentially of dietary met for normal survivability of tilapia and a level of 0.15 % met in diet-7 was below the minimum requirements for normal survival of Nile tilapia. 

The poor survival rates, feeding appetite and swimming activity as well as the significant (p < 0.05) reduction in feed efficiency and growth parameters of fish fed diet-7 (Tables 4 &5) indicate that cys is unable to meet the optimal sulfur amino acid requirements when the met level in the diet is greatly below the minimum requirements. Thus, it would be suggested that a replacement value of 81% or less ( e.g. value somewhat > 65% and ≤ 81%) of cys for met could imbalance the diet, causing reduction of the growth and feed efficiency parameters. Because the growth and feed efficiency parameters of fish fed diet-6 (containing met at 0.27%) were statistically similar compared with those of fish fed diets 5, 4, 2 and 1 ( containing met at higher level > 0.27%) and were significantly (p < 0.05) higher than those of fish fed diet-7 (containing met at lower level < 0.27%), it would be suggested that this met concentration (0.27% of dry diet containing 28% protein) might be near the minimum requirement for the growth of Nile tilapia fry.  

The low feed efficiency and growth parameters of fish fed on the control diet (diet-1 which had no cys supplementation) compared with diet-3 (Table 4 and 5) indicated that cys synthesized by Nile tilapia is not sufficient to sustain maximal growth. Although Cys is considered nonessential because it can be synthesized by the fish from met., if met is fed at the optimal level but without cys, a portion of the met  is converted to cys for incorporation into protein and a portion (which becomes less than the optimum level) is used for protein synthesis.   

The results obtained by diets 1 and 7 suggested that supplementation with free met or cys into diets seemed to be less efficient alone than when supplemented together in a preferred combination (e.g. 58:42 ratio, on sulfur molar basis). It has been suggested that free met or cys may not have been efficiently utilized alone when added to practical type catfish diet (Andrews and Page 1974).  This relationship between met and cys suggests that fish has a total sulfur amino acid requirement rather than a specific met requirement. 

The growth rates in the present study were generally moderate, the highest values of growth rate (g/d) and % weight gain (g/fish) were 0.01g /day and 144% respectively for Nile tilapia fed diet-3. These values are lower than some of the reported values in literature for Nile Tilapia. The author in a previous study with 2.4g Nile tilapia fed casein - gelatin diets containing 25% and 30% protein (intact protein) for 10 weeks and reported growth rates of 4.4 g/d and 5.3 g/d  respectively and % weight gains of 843% and 1041%  respectively (Abdelghany 1986) which were greater than those obtained in the present study. The low feed efficiency and growth rates of fish at the present experiment could possibly be due to the presence of high portion of free amino acids in the diets ( about 57% of total protein was supplemented by crystalline amino acids). However, it has been reported that the addition of free essential amino acids to diets is less efficient in enhancing growth than the same amount incorporated into feed proteins (Murai et al . 1981; Robinson 1981; Walton 1982, 1986 and Thebault et al.1985).  This may be due to diets containing high concentrations of free amino acids elevating concentrations of amino acids in plasma and tissues with enhanced rates of deamination as suggested by (Krebs 1972). It is also suggested that time lag between absorption of crystalline amino acids and absorption of protein-bound amino acids is thought to negatively affect the efficiency of amino acid utilization (Cowey 1992). Finally, there is always the possibility that some of the crystalline amino acids in the diets may be leached during feeding (Wilson 1989). 

The present study was unable to use the free met : cys ratio in muscle to confirm the optimal met : cys ratio in diet for Nile tilapia as determined by growth or PER.
 

It is noteworthy that data of haematocrit measurements of fish fed the experimental diets showed a type of relationship with the dietary met levels nearly similar to that shown for free met or cys of plasma with the dietary met levels Table-6. Therefore, it is possible that haematocrit to be used as criteria for the determination of the optimal met : cys ratio in diet for maximum growth and PER for Nile tilapia. 

The possibility that cys could partially substitute met forming a preferable met : cys ratio in diet for maximum growth of Nile tilapia is a most important factor in feed formulation. It is known that most practical-type tilapia diets, particularly those containing a high proportion of vegetable or grain as feedstuff primary sources, contain met at a concentration less than the optimal requirement. This suggests that both met and cys contents of a feedstuff or diet to be used for tilapia should generally receive greater attention than just met alone in providing the optimal SAA requirements for the species.
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