
Optimum Dietary Protein Requirements For Oreochromis niloticus L. Fry Using Formulated Semi-purified Diets.

Ali E. Abdelghany

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

Abdelgh@thewayout.net

ABSTRACT

A 10-week feeding trial with Oreochromis niloticus L. fry determined the optimum dietary protein level using eight isocaloric (3110 kcal ME/kg) diets containing casein and gelatin as protein sources.  The protein content in the diets varied from 15 to 50% in 5% increments.  The results indicated that 35% protein level maximized percent weight gain, net protein deposition and net energy deposition, and thus, producing fish having higher nutritional values. 

INTRODUCTION

The need for inexpensive sources of dietary protein to meet the nutritional needs for the expanding populations in developing countries created expectations that fish farming could produce products that could provide adequate human nutrition (Balarin 1979).  In aquaculture, increasing attention is being focused on tilapia culture.  Today no other fish, with the probable exception of the common carp (Cyprinus carpio), is more widely cultured than are tilapia (Balarin 1979).

Tilapia culture in Africa is mainly at a subsistence level where the yield is low and limited by the natural carrying capacity of the body of water (Huet 1972).  The development of intensive tilapia culture technology to increase production will require that all the nutritional requirements of the fish must be met by the ration presented (Downey 1981).  However in Africa, intensive O. niloticus culture is constrained by the lack of a nutritionally adequate ration meeting the requirements of the species (Coch 1977).

When determining the nutrient requirements of a specific animal, the logical first step is to estimate dietary protein requirement, as this constituent is the principal dietary component for growth.  Furthermore, protein is the most expensive ingredient in prepared feeds, fish farmers can not afford any misuse of this ingredient.  Therefore, the availability of reliable data for the optimum protein level in the diet is important for rapid growth of fish and for effective cost control of the diet.  The objective of this study is to determine the optimum protein requirements of O. niloticus. 

For some species of tilapia, the optimum dietary protein levels are established.  O. mossambicus requires 40g/100g of diet (Jauncey 1982), 35g/100g for T. zillii (Mazid et al. 1979) and for O. aureus fingerlings 34g/100g and for O. aureus fry 56g/100g (Winfree and Stickney 1981). 

MATERIALS AND METHODS

Fish and Culture Techniques

A water flow-through system was used in this feeding trial, which began 13 February and lasted 10 weeks.  The system consisted of sixteen 40L glass aquaria with a bottom drain at the end opposite water intake.  Flow rates were maintained at 0.9 l /min.  Supplemental aeration was provided to each aquarium.  Water was obtained from a deep well, and temperature averaged 26.8(C.  All other water quality parameters were considered to be within acceptable limits for tilapia growth.  O. niloticus fry were trained for two weeks prior to the beginning of the trial to accept the experimental diets by feeding a mixture of all the test diets in equal amounts until they reached an average weight of 2.4g/fish.  The fish were graded and sorted into 16 groups of 15 fish. The fish in each group were weighed in bulk to the nearest 1g.  The fish were then transferred to the experimental system where each group was distributed randomly throughout the aquarium system.

Diets and Feeding

Semi-purified diets were formulated to provide eight levels of protein ranging from 15% to 50% in 5% increments.  The energy content was approximately 3110 kcal ME/kg dry diet (Table 1).  The caloric value of each diet was estimated on the basis of 8 kcal ME/g lipid (Halver 1972), 3.5 kcal ME/g carbohydrate as dextrin (Saita 1974; Chiou and Ogino 1975), 3.913 kcal ME/g casein (NRC 1981), and 4.05 kcal ME/g gelatin (NRC 1981).  Thus, the diets contained a range of protein to energy ratios (P/E) from 48.2 to 160.8 mg protein/kcal.  All experimental diets had the same ingredients (casein, gelatin, white dextrin, cod liver oil, and corn oil) and hence, identical sources of protein and calories.  Carboxymethyl cellulose was added for its binding characteristic.  The vitamin supplement (Table 2) was prepared according to the method of Tacon et al. (1982).  It was included at levels of at least twice the recommended minimum to compensate for losses during processing.  The mineral supplement (Table 3) was prepared according to Halver and Shakes (1960).  Dicalcium phosphate was added to each of the diets at different percentages to adjust the major elements Ca, P, Mg, K, and Na at equal levels in all the diets (Table 4).  Variations in the total crude protein content were obtained by changing the amount of each of the two nitrogenous components (casein and gelatin) proportionately in order to maintain a constant amino acid balance.  Cod liver oil and corn oil had been included to provide all the essential fatty acids required for growth.  Alphacellulose was added to complete the diet bulk.  Ethoxyquin, 150 mg/kg feed, was added to all the diets as an antioxidant.  The diets were prepared as 0.79 mm pellets in the Tunison Laboratory of Fish Nutrition, Hagerman, Idaho.  All the diets were prepared at the outset of the study and were kept at -10ºC until used.

Table 1.  Composition of Experimental Diets Containing Different Levels of Protein.

Diet ingredient
IFN†
1
2
3
4
5
6
7
   8

Casein
5-01-162
14.17
18.89
23.61
28.33
33.05
37.77
42.50
47.22

Gelatin
5-14-503
 3.54
 4.72
 5.90
 7.08
 8.25
 9.44
10.62
11.80

White dextrin

48.35
41.71
35.06
28.42
21.78
15.14
8.40
  1.84

cellulose
8-15-514
15.44
16.69
17.60
18.50
19.40
20.30
21.22
22.14

Cod liver oil
7-01-993
3.00
3.00
3.00
3.00
3.00
3.00
3.00
 3.00

Corn oil
4-07-882
6.00
6.00
6.00
6.00
6.00
6.00
6.00
 6.00

Vitamin mix*

3.00
3.00
3.00
3.00
3.00
3.00
3.00
 3.00

Mineral mix!

3.00
3.00
3.00
3.00
3.00
3.00
3.00
 3.00

C.M.C.**
8-20-967
2.00
2.00
2.00
2.00
2.00
2.00
2.00
 2.00

Dicalcium

    phosphate
6-01-080
1.50
1.50
1.50
1.50
1.50
1.50
1.50
 1.50


Total
100
100
100
100
100
100
100
100

Estimated Nutrients:

Protein%
15
20
25
30
35
40
45
50

Fat%
9
9
9
9
9
9
9
9

Energy (kcal ME/kg diet)
3110
3110
3110
3110
3110
3110
3110
3110

mg protein/ kcal ME (P/E)


48.2
64.3
80.4
96.5
112.5
128.6
144.7
160.8

   †  =  International feedstuffs number                                        * = See table 2.

** = Carboxymethylcellulose                                                    ! = See table 3.

Diet Preparation

The vitamins and minerals premixes were blended separately for 30 minutes in a twin shell chamber.  Since tilapia and other fish are not known to digest cellulose (Stickney 1975), the metabolizable energy contained in that ingredient was considered to be negligible.  The dry ingredients of each diet were thoroughly mixed in an electric dough mixer for about 20 minutes. The oil and then the water were gradually added to the dry mixtures, which were mixed for another 5 min. and pelleted in Sprout-Waldron laboratory pellet mill.  Each diet was cooled to room temperature and sifted by an electric sieve to separate the fine materials from the pellets.  The diets were stored in plastic bags at -10ºC until needed.

Feeding Techniques and Sampling
Each of the eight formulated diets was fed to two groups of fish three times per day at a rate of 5% wet body weight.  The rations were adjusted each time the fish were weighed, thereby maintaining a relative constant feeding rate throughout the study.  At biweekly intervals, the fish in each aquarium were collectively weighed.  Fish were starved 24 hours and were anesthetized with MS222 (1:1500) before each weighing.

Analysis of Feed and Fish

All the diets were analyzed by standard methods according to (AOAC 1980).  Nitrogen contents were measured by the macro-kjeldahl method, crude protein was estimated by multiplying nitrogen values by 6.25, lipid contents were established by the ether extract method, gross energy in the samples was measured using an adiabatic bomb calorimeter, and fibers were analyzed by the neutral detergent method (Van Soet and Robertson 1981).  Moisture contents were estimated by heating samples in a forced air oven at 110ºC for 5 hours and computing the weight losses.  Ash values were determined by igniting the samples in a muffle furnace at 600Cº.

At the start of the trial, a random sample of 20 fish was taken for chemical analyses.  At the termination of the trial, random samples of 4 fish from each aquarium were also taken for similar analyses.  The fish samples were kept frozen until the laboratory evaluation began.  The whole fish in each sample were passed twice through a food grinder with a 4.76 mm die.  The samples were freeze-dried for subsequent chemical analyses.  The analyses of the diets and fish consisted of: crude protein, lipid, ash, gross energy and moisture content (Table 5).

Statistical Analyses

The data were subjected to analysis of variance and Duncan’s multiple range test (Duncan 1955) to determine if differences in means were statistically significant (p < 0.05).  Almquist type plot (1944 & 1947) and response surface technology test were also used for delineating quantitative protein requirements of O. niloticus.

Table 2.  Composition of the Vitamin Premix.

Vitamins


G / kg of premix

Thiamine
2.5

Riboflavin
2.5

Pyridoxine
2.0

Panothenic acid
5.0

Inositol
100.0

Biotin
0.3

Folic acid
0.75

Para aminobenzoic acid
2.5

Choline
200.0

Niacin
10.0

B12
0.005

Retinal palmitate (A)
100,000 IU

tocopherol acetate (E)
20.1

Ascorbic acid (C)
50.0

Menadiane (K)
2.0

Cholecalciferol (D3)
500,000 IU



Table 3.  The Composition of Mineral Premix.


gram

Salt mixture*
100,000

AlCl3. 6H2O
0.015

KI
0.015

CuCl
0.010

MnSo4.H2O
0.080

CoCl2.6H2O
0.080

ZnSo4.7H2O


0.300

Salt mixture*
Percent

6-01-083  Calcium biphosphate
3.58

                Calcium lactate
32.70

                Ferrous citrate
2.97

6-02-758  Magnesium sulfate
13.20

6-08-098  Potassium phosphate (dibasic)
23.98

6-04-287  Sodium biophosphate
8.72

6-04-152  Sodium chloride
4.35



Table 4.  Calculated Major Mineral Contents of Test Diets.

G/kg dry diet

Diet no.#
Ca
P
Mg
K
Na

1
5.927
6.162
0.422
3.234
0.955

2
5.933
6.250
0.432
3.239
0.960

3
5.937
6.338
0.443
3.244
0.965

4
5.942
6.426
0.454
3.248
0.969

5
5.947
6.514
0.464
3.253
0.974

6
5.953
6.602
0.475
3.258
0.979

7
5.936
6.672
0.486
3.263
0.984

8
5.946
6.722
0.496
3.267
0.988



Table 5.  Proximate Analysis of the Experimental Semi-purified Diets.

.

Diet no.#
Crude protein

%
Lipid

%
Fiber

%
Ash

%
Moisture

%

1
15.85
9.12
16.55
3.77
13.55

2
21.16
9.32
17.52
3.52
13.52

3
25.89
9.52
18.54
3.31
13.78

4
31.48
9.63
19.37
3.35
13.60

5
36.02
9.59
20.46
3.36
13.12

6
40.55
9.44
21.98
3.44
13.37

7
46.38
9.48
22.42
3.28
13.20

8
50.65
9.79
22.04
3.14
13.17

RESULTS AND DISCUSSION

Growth

The means of the final body weight of fish are presented in Table 6.  The incremental data of the percent weight gain of the initial weight of fish (Table 6) were subjected to the response surface technology test in the second order polynomial regression analysis represented by the model, (Ŷ = B0 + BX1 + BX2 ).  The result of the calculations were (Ŷ = 265.142 + 68.9037X1 – 0.8479X2 ), although the response surface technology test showed inflection points at the 40% dietary protein level.  When the percent weigh gain of the initial weight of fish was subjected to analysis of variance and Duncan’s multiple range test, no significant differences were observed between the 30% and 40% protein levels.  Additionally Almquist type plots were applied to the same data and showed consistent inflections at the 35% protein levels in all growing periods except the first (Fig. 1), which showed an inflection at the 40% protein level.  Therefore, it was concluded that the dietary protein requirement for O niloticus under these conditions was 35%.  The observed shift in protein requirement with age from 40 to 35% (after the first growth period) on Almquist plot (Fig.1) is consistent with the finding of Winfree & Stickney (1981), who demonstrated that older fish should have a lower protein requirement for maximum growth than young fish do.  However, in the present study, the diet containing 35% protein had a protein:energy value of 112.5 mg protein / ME kcal. 

Food Conversion Ratio

The results of FCR (Table 7) indicate that the quality of the diet was poor at low levels of protein and improved when the protein level was 30% and more.  Similar results were reported by Lazo et al. (1998), Jirsa et al. (1997), Alava and Lim (1983) and Jauncy (1982) in nutritional studies on Trachinotus carolinus, Sciaenops ocellatus, Penaeus monodon and O. mossambicus, respectively.

Protein Efficiency Ratio

The PER values (Table 7) decreased steadily with increasing levels of the dietary protein. This result indicates that maintenance requirements for dietary protein in tilapia appear very low, and tilapia form flesh with a low protein content when fed on low protein diets. Numerous authors have reported similar results for various fish species (Ogino and Saito 1970; Dabrowski 1977; Mazid et al. 1979; Jauncey 1982; Santinha et al. 1996; Huang & Shyong 1998; and Shyong et al. 1998).

Apparent Net Protein Utilization

The App-NPU results (Table 7) indicate that as the proportions of dietary protein increases, the values of APP-NPU falls.  These finding are in agreement with those reported for carp by Ogino et al. (1976) and Takeuchi (1979).  At low dietary protein levels, the amino acid composition of the protein is the limiting feature and maximal App-NPU values are obtained, at higher dietary protein levels, a greater proportion of the protein is utilized as energy. However, high dietary protein levels are necessary for fish to grow reasonably fast. 

Table 6.  Growth Parameters of O. niloticus Fed Semi-purified Diets at Eight Protein Levels.

Dietary protein

Levels %
Initial 

weights 

(g)
Final weights 

(g)
Weight gains 

(g)
Growth rate (g/day)
Weight gain as % of the initial

15
35.2
239.0
203.8 d
2.9 d
579.0

20
35.3
296.0
260.7 c
3.7 c
738.5

25
35.9
348.0
311.1 b
4.4 b
843.1

30
35.7
407.5
371.8 a
5.3 a
1041.4

35
34.9
417.0
382.1 a
5.5 a
1094.8

40
34.7
426.5
391.8 a
5.6 a
1129.1

45
33.9
404.5
370.6 a
5.3 a
1093.2

50
35.9
403.0
367.1 a
5.2 a
1022.6



Treatment means with same superscripts in the same columns are not significantly different at p > 0.05.

Figure 1: Weight gain as percentage of the initial weight of O. niloticus fed diets 

                containing different levels of protein.
Table 7.  Protein Evaluation Data of Semi-purified Diets Fed to O. niloticus.
Dietary

       protein

(%)
Food conversion ratio

(FCR)
Protein efficiency ratio

(PER)
App-net protein utilization

(NPU)

15
1.50 a
4.9 a
54.4 a

20
1.31 b
4.2 ab
51.7 a

25
1.24 c
3.6 bc
44.1 b

30
1.15 d
3.2 cd
40.9 bc

35
1.11 d
2.9 de
39.9 bc

40
1.09 d
2.6 ef
34.3 cd

45
1.11 d
2,2 ef
27.5 de

50


1.16 d
2.0 f
26.3 e

Treatment means with same superscripts in the same columns are not significantly different at p > 0.05.

Carcass Composition

In this study, the body composition of O. niloticus fingerlings was altered significantly (p < 0.05) by the level and components of the diets (Table 8).  Dietary protein intake up to 40% resulted in an increase of carcass protein percentage, intake over 40% resulted in a decrease of carcass protein percentage.  The results indicate that O. niloticus can utilize increasing dietary protein level up to certain amount and deaminate and excrete as ammonia, the excess above that needed for growth and maintenance.  This observation is in agreement with several authors who have reported an increase in fish body protein with the increase of dietary protein intake (Alava and Lim 1983; Bromley 1980; and Mazid et al. 1979).  Body lipid levels were inversely related to dietary protein levels so that there was an inverse relationship between protein and fat composition in tissue and had a negative correlation value of -0.59.  Jauncey (1982) and Satia (1974) reported similar observations in studies with O. mossambicus and trout, respectively.

Table 8.  Proximate Analysis of O. niloticus Fed Purified Diets at Eight Protein Levels.

      Dietary                                                                Mean values

Protein

%
Crude protein

%
Lipid

%
Ash

%
Moisture

%


15
      46.52 b
35.96 a
     12.34 ab
72.05


20
      50.09 ab
34.11 a
     11.57 abc
72.45


25
      50.76 ab
30.65 b
     10.59 c
73.54


30
      54.29 a
28.00 bc
     10.83 c
74.73


35
      55.14 a
27.55 c
     10.94 bc
73.36


40
      55.87 a
23.06 d
     12.65 a
74.75


45
      54.28 a
26.26 c
     10.68 c
75.60


50
      53.98 a
28.32 bc
     10.17 c
73.77


Fish at initial


    58.75
     14.82
      23.77
        59.76

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

Table 9.  Nutrient Deposited in the Body of O. niloticus Fed Diets at Eight Protein Levels.

Dietary

Protein

%
Net protein

deposited

(g)
Net fat

deposited

(g)
Net gross energy

deposited as

(kcal)
Ratio of diets energy (ME) to protein deposited energy (ME)

15
    22.79 d
21.93 a
     327.4 c
8.02

20
    32.46 cd
25.68 a
     412.5 bc
6.33

25
    38.06 bc
26.01 a
     473.8 ab
6.04

30
    47.38 ab
26.93 a
     526.2 ab
5.37

35
    53.21 a
28.53 a
     571.1 a
4.80

40
    51.69 a
22.99 a
     553.1 a
4.97

45
    45.75 ab
23.88 a
     501.2 ab
5.41

50


    48.56 ab
27.77 a
     538.9 ab
5.91

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

It is shown that fish fed diets containing 35% protein showed the highest carcass deposition of protein, fat and gross energy (Table 9), which turn accounts for their nutritional value.  The relationship between protein and fat deposited in tissue had a positive correlation value of 0.53.  The highest carcass protein deposition at 35% dietary protein intake further supported the decision that this level is optimal for producing O. niloticus.  Weight gain has been criticized for inaccuracy as a measure of growth since weight gain may be the result water and fat rather than from protein deposition (Phillips et al. 1957; Maynar and Lossli 1979).  The potential for growth then may be considered identical with maximum protein retention.  The high fat deposits in fish at the end of the trial suggests that all diets supplied an excess of energy.
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