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ABSTRACT

Growth and packed cell volume of Oreochromis niloticus were analysed to determine the effect of replacing 20, 40, 60 and 80 % of menhaden fish meal in a control diet at equi-protein level with lima bean supplemented with 1.4% methionine.  Practical diets were formulated at 30% protein and 432 Kcal/100g gross energy.  Fish were cultured at a mean of 24.31 0c, 7.4 and 6.15 mg/l temperature, pH and dissolved oxygen respectively and reared for 56 days.  Fish fed 40% toasted lima bean diet had the highest survival rate of 100% and the best growth with specific growth rate (SGR) of 0.63, protein efficiency ratio (PER) of 0.28, protein productive value (PPV) of 30.37 and feed conversion ratio (FCR) of 2.95.  Fish fed 20% inclusion of toasted lima bean diet had the least growth with 0.48 SGR, 0.21 PER, 19.13 PPV and 4.15 FCR, respectively.  There were no significant (P>0.05) differences in the mean weight gain, SGR and PER between fish fed the control and the 20% lima bean.  Survival percentage (90%) was least on fish fed the control and those fed 80% lima bean diet.  This study shows that the lima bean when toasted and supplemented with methionine can qualitatively  replace 40-80% fish meal protein in the diet of Oreochromis niloticus.

INTRODUCTION

Fish is an important source of protein in the human diet contributing about 17% of the world animal protein supplies (Shang 1992).  Of the total wold production of fish, which amounted to 112.30 million tonnes in 1995, 18.97% came from the aquaculture sector while the rest came from captured fishery (FAO 1996).  Annual rates of increase in global fish production, however, have slowed consistently over the past ten years (Watson and Blake 1993).  FAO (1996) reported a reduction in global fish production from 31.48 million tones in 1990 to 27.54 million tonnes in 1995, a total of 3.94 million tones reduction.  Aquaculture has been proffered as the solution for bridging the gap between fish demand and production because it offers better opportunities for expansion (Watson and Blake 1993).  When considering aquaculture, feeding of fish has to be taken into consideration.  Fish meal remains the most widely used ingredient feed formulation because it is one of the most suitable sources of protein (Gallagher 1994; Gomes et al. 1995).  There are a number of factors however that discourage the use of high quantity of fish meal in feed formulation.  Such factors include the high cost, scarcity, high production technology and the competitive use of fish meal in animal feed and for human consumption (Gallagher 1994, Gomes et al. 1995).  Out of the total fish produced in 1995, 71.17% was used for human consumption while the remaining was used for other fish based products such as fish meal (FAO 1996).  These factors have made it essential to seek alternative sources of protein in fish feed (Desilva and Gunasekera 1988).

Plant proteins are cheap and readily available, but they have some limitations that make them unsuitable for direct incorporation into animal feeds (Aletor and Fetuga 1984).  Such factors include presence of anti nutritional factors that result in poor digestibility and low level of sulphur, amino acids, methionine and cystine.  These limitations could be successfully overcome by different methods such as heat treatment like toasting, autoclaving and cooking, which destroys the heat-labile anti nutritional factor and improves digestibility, or supplementing with methionine or cystine (Ologhobo et al. 1992).  Methionine is an indispensable amino acid required by terrestrial vertebrates, as well as various fish species, for normal growth and metabolic functions (Murthy and Varghese 1998).  Plant proteins generally have unbalanced proportions of the essential amino acids.  They have adequate levels of lysine, which is deficient in most cereals and other edible plant groups, but are low in the sulphur amino acids methionine and cystine (NAS 1984, Ologhobo 1992).  Methionine supplementation therefore has been employed as a means of improving the amino acid profile of plant proteins.

Lima bean, Phaseolus lunatus, is being investigated in this study, it is one of the under utilized legumes in Nigeria (Aletor and Aladetimi 1989).  It has an amino acid profile similar to the cowpea varieties and the common beans (Ologhobo 1980, Aletor and Aladetimi 1989) but due to ignorance of its nutritional potentials, it has remained in the background.  This study evaluated the effects of methionine supplemented lima bean (Phaseolus lunatus) diets on the growth and nutrient utilization of the commonly cultured Nile Tilapia, Oreochromis niloticus.

MATERIALS AND METHODS

Culture Conditions

A total of 200 fingerling Nile tilapia were stocked into ten 45 L glass aquaria at the Fish Nutrition Laboratory of the Federal University of Technology, Akure, Nigeria.  Water was continuously supplied from a borehole at the back of the laboratory.  Water level in the tanks was maintained at a level of 30 cm through out the experimental period.  Twenty fingerlings were randomly stocked into each tank.  There were three replicates per treatment.  Fish were fed at 3% body weight with adjustments made in quantity of feed supplied every week. Feeding was done twice a day between 08.00 and 09.00Hrs and 18.00 and 18.00Hrs with the daily ration divided into two.  Feeding was carried out for 8 weeks.  Dissolved oxygen, water temperature and pH of the water were monitored through out the experiment.

Diet Preparation

Lima beans were put in a beaker and heated at 204oC for either 10,15,or 20 minutes.  The beans were milled and included to replace 20, 40, 60 and 80% of fish meal.  The diets were designated as T2, T40, T60, T80, respectively, according to the inclusion levels.  All the lima bean diets were supplemented with 1.4% crystalline methionine.  All feed ingredients were milled to pass through a 2mm diameter sieve, mixed together in a Hobalt mixer and pelleted using a 3.00 mm die.

Chemical & Carcass Analyses

Feed ingredients, diets and fish carcasses were analysed for proximate composition. Proximate composition was determined for nitrogen, lipid, and crude fibre (A.O.A.C 1985).  Fish carcass was analysed at the beginning and end of feeding trial.  Energy content was determined using atomic bomb calorimeter.

Calculation of Essential Amino Acid of Diets

The essential amino acid component of each diet was calculated based on the levels present in all protein sources (fish meal, pigeon peal meal, blood meal, and groundnut-cake) as obtained from literature (NRC 1993 and Tacon 1990).

Biological Evaluation

Biological evaluation was determined as follows:  Weight gain (g)  =  Final weight of fish (W2) - Initial weight (W1).  Average Daily Gain (g) =Weight gain /Days of feeding.  Specific growth rate (SGR %day-)  = 100 X (In W2 - In W1/T2-T1, where: T2-T1 represents the experimental periods in days.  Protein Efficiency ratio (PER)= Weight gain (g)/Protein intake(g).  Protein Productive Value (PPV)  = 100 (Protein gain / Protein fed), where Protein fed (PF) = Total feed consumed X  % crude protein in feed.  And feed efficiency ratio (FCR)= Fish weight gain (g)/Weight of feed consumed (g) 
Calculation of Essential Amino Acid

The essential amino acid component of each diet was calculated based on the levels present in all protein sources (fish meal, lima bean meal, blood meal, and soybean meal) as obtained from literature (NRC 1993 and Tacon 1990).

Statistical & Economic Analyses

Data were analysed using Microsoft Excel, 1997 (Microsoft Corporation Nevada, USA) ANOVA procedure.  Duncan’s multiple range test was used to determine differences among means (Zar 1984).  The prevalent prices of the component ingredients and fish were used to compute cost of producing 1kilogram feed and fish. 

RESULTS AND DISCUSSION

Results are shown in Tables 2, 3, and 4.  Mortality rates did not exceed two fish per diet and were probably not influenced by diets.  The fish accepted the diets readily and consumed them within 15 minutes of administration.  The proximate composition of the raw and toasted lima bean is shown in Table 2, while the mean values of the water quality parameters in the tanks measured weekly throughout the period of the experiment are presented in Table 3.  They were all within the tolerance range of the species.

The best growth responses were obtained in fish fed diet T40 (40% lima bean inclusion level).  This was followed by diet T60, which had 60% lima bean inclusion level.  Diet T80 with 80% lima bean inclusion level was next.  This was followed by diet CTR, which was the control and had no lima bean.  The least growth – performance was observed from diet T20 that had 20% lima bean inclusion level.

The nutrient utilization parameters of fish on the different diets show that the best FCR, SGR and PER were obtained from diet T20.  There was significant difference in the values of PER obtained for the five treatments at P<O.05.  The crude protein level of all the diets showed no significant differences.  In spite of the above, diet T20 recorded the poorest growth performance.  This could be due to an imbalance of plant to animal protein.

When fed lima bean diet supplemented with methionine, O. niloticus performed better than when fed a diet containing about 20% fish meal.  This is in contrast with the report of Abel et al. (1984) who observed that mirror carp fed diets containing 50% heat treated full fat soy bean meal as a replacement for half of the fish meal attained only 60-65% of the growth obtained with the fish meal control diet.  The better performance of O. niloticus could be due to more available or a better balance of essential amino acid.
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Table 1: Gross and Proximate Composition of Diets


DIETS (% Lima bean)




 CTR
DietT20
Diet T40
Diet  T60
Diet T80


Ingredients


Fish meal
23.12
17.10
12.47
7.85
3.22

Lima bean meal
-
12.22
23.40
33.61
45.78

Methionine
-
1.4
1.4
1.4
1.4

Soya bean meal
30.50
22.90
16.35
9.76
3.22

Blood meal 
4.62
4.62
4.62
4.62
4.62

Maize meal
30.91
28.42
27.41
26.41
25.40

Vegetable oil
2.34
3.34
4.35
5.35
6.36

Mineral mix
1.51
3.00
3.00
3.00
3.00

Additional Vit.
2.00
2.00
2.00
2.00
2.00

Rice bran
5.00
5.00
5.00
5.00
5.00



Total
100
100
100
100
100

Proximate Analysis

Crude protein
30.40
30.36
30.48
30.25
30.31

Ether extract
10.05
10.25
9.82
9.97
9.98

Ash
9.98
10.11
10.46
10.41
10.35



Crude fibre
5.60
6.04
5.73
6.06
5.85

Moisture
2.21
2.90
2.65
3.35
2.45

NFE
41.76
40.34
40.86
39.96
41.06

Energy Kcal/g
436.97
432.79
431.50
427.95
432.89

Table 2: Proximate composition of raw and toasted lima bean (g\100g).


Raw LB
Toasted LB

Crude protein
22.82
22.61

Crude lipid
2.58
3.11

Crude fibre
4.11
3.61

Moisture
11.20
8.31

Ash
4.27
5.11

Nfe
55.02
57.25

Table 3: Water Quality Parameters (Mean Weekly)

WEEKS

Parameters
0
1
2
3
4
5
6
7
8
x
SD

Temperature (oc)
24.35
24.38
24.30
23.19
24.33
23.14
26.04
24.54
24.54
24.31
0.85

Dissolved oxygen (mg\l)
6.38
6.72
6.06
6.16
5.60
5.46
6.90
5.44
6.64
6.15
0.56

PH
6.9
7.3
7.6
7.9
7.4
7.1
7.9
7.5
7.3
7.4
0.3

Table 4: Growth performance and nutrient utilization of Oreochromis niloticus fed methionine supplemented Lima Bean.

DIETS

Parameters


CTR
T20
T40
T60
T80
X
8D

Mean initial weight(g ) (w1)
4.92
5.04
5.47
5.72
5.16
5.26
0.328

Mean final weight (g) (w2)
6.51
6.60
7.77
7.57
6.98
7.09
0.566

Mean wf.gain(g)
1.59bcd
1.56bcd
2.30a
1.86ab
1.82bc
1.83
0.297

Survival (%)
90
95
100
95
90
94
4.18

Av. Daily weight gain
0.028
0.028
0.041a
0.033b
0.033b
0.033
0.0053

Specific growth rate
0.50c
0.48c
0.63a
0.50c
0.55b
0.53
0.06

Protein efficiency ratio
0.220cd
0.213cd
0.276a
0.245b
0.23bc
0.237
0.025

Protein productive value
20.26d
19.13e
30.37a
21.87c
24.80b
23.29
4.50

Feed conversion ratio
3.86b
4.15d
2.95e
3.77c
3.48d
3.64
0.454

Parked cell volume.
35.o
36.0
48.0
20.0
36.0
35.0
9.95

Table 5.  Carcass Composition of Fish Fed Lima Bean Diets


INITIAL
CTR
T20
T40
T60
T80

Crude 
58.62
64.78
64.43
67.88
65.23
66.14

Protein
10.02
7.235
7.433
6.882
7.407
7.060

Moisture
9.85
9.30
9.25
8.78
9.02
8.98

Ash
3.6
3.276
3.516
3.339
3.502
3.797

NFE
17.88
15.40
15.37
13.12
14.84
14.07
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