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ABSTRACT

Digestibility and growth experiments were conducted to assess the effects of four commercial edible oil supplements in practical diets (Diet 1, 6% cod liver oil; Diet 2, 6% soybean oil; Diet 3, 6% vegetable oil; Diet 4, 6% palm oil) on the production of Oreochromis niloticus.  Diet 1, containing the cod liver oil, was used as a reference/ control diet.  Oreochromis niloticus fingerlings (3.03 (0.58 g) were cultivated in triplicates in recirculating tanks (70 x 45 x 45 cm) and fed 30% protein diets (Diets 1-4) twice daily at 5% body weight.  The digestibility experiment lasted 14 days, while the growth experiment lasted 42 days.  Apparent digestibility coefficient (ADC) of the fishes fed the diets was determined by Acid in Soluble Ash (AIA) method, while the economic benefit of the diets was determined using incidence of cost (IC) and profit index (PI) models.  Results indicated no significant difference (P(0.05) in the ACD (%) of fishes fed the varous diets and the value ranged between 91.04 and 93.15%.  Fishes fed diets 1, 2, 3 and 4, showed no significant difference (P(0/05) in percentage mean weight gain (MWG%), specific growth rate (SGR), protein efficiency ratio (PER) and food conversion ration (FCR).  However, fishes fed Diet 2 did best, followed by those fed diets 1, 3 and 4.  Carcass yield showed that fishes fed Diet 4 had the highest protein deposition followed by fishes fed diets 2, 1 and 3, while the fishes fed Diet 2 had the highest fat deposition, followed by those fed diets 1, 3 and 4.  Economic analyses revealed that the cost of producing the diets (IC) was highest in Diet 1, then in diets 3, 2 and 4.  While the profit (PI) obtained by using the four diets were similar, Diet 4 had the highest PI of 3.0, followed by Diet 2, 2.77, Diet 3, 2.62, and Diet 1, 2.43.  The trend of PI depicted that any of the oil could be used in the production of O. niloticus.  Nevertheless, for profit maximization in commercial production of O. niloticus, soybean oil diet, which has the best nutrient utilization, highest growth rate and highest profit margin after Diet 4, is recommended.

INTRODUCTION

Protein is the fundamental unit of fish growth and tissue elaboration (Hanley 1991).  This has necessitated research into the protein requirements of cultured fishes (Jauncey et al. 1983; De Silva and Perera 1985; Siddiqui et al. 1988; Fagbenro and Nwanna 1999).  Conventionally animal protein (fish meal) is used in fish feed production because of its high and balanced amino acid profile.  However, the declining state of world fisheries, ever increasing human population and demand for fish and fish products have strong limitations on the availability fish meal, making it scarce and expensive.  Consequently, several studies have sought to replace expensive fish meal with alternative, lower cost protein sources and by-products materials (Viola and Arieli 1983; Ofojekwu and Ejike 1984; Fagbenro 1999).  Other studies have investigated the use of various feedstuffs and lipid as energy sources to spare the costly dietary protein (Violoa and Ariele 1993b; Davies 1989; Shaiau and Huang 1991; Hanley 1991; Keshavanath and Jagadeesh 1994).  Dietary lipids as sources of energy (9-9.45 kcal) (Cho et al. 1985) and fatty acids provide medium for absorption of fat soluble vitamin and confers good flavour and textural qualities on the diets (NRC 1983).

Further minimization of the unit cost of fish feed production demands investigations into the use and effects of various commercial edible plant oils on growth and economics of cultured fishes.

Tilapia, Oreochromis niloticus, is common in African aquaculture because of high fecundity, adaptability to a wide range of environmental conditions and tasty flesh.  Nevertheless, there is a paucity of information on the effects of some commercial edible plant oil(s) on the growth, carcass composition and economic benefits of O. niloticus production.

The present study was conducted to evaluate the effects of four commercial edible oils in practical diets of food digestibility, growth, carcass composition and economic benefits of O. niloticus cultivated in indoor glass tanks.

MATERIALS AND METHODS

Diet Formulation

Four iso-nitrogenous diets were formulated to provide 30% crude protein (Table 1).  The commercial edible oils were purchased from the local market in Akure, Nigeria.  The various oils were supplemented at 6%.  The diet with the cod liver oil served as the reference diet.  Ingredients were thoroughly mixed in a Hobbart A-200 (Troy, Ohio, USA) pelleting and mixing machine to obtain homogenous mass.  Diets were passed through a mincer with die into 0.8 mm pellets and were immediately sun-dried (30-32(C) and stored in a freezer and     -20(C prior to feeding.  The method of preparation was as described by Fagbenro and Jauncey (1995).

Digestibility Experiment

The Digestibility experiment was carried out in recirculation systems, with flow rate of 2.5- 3.0 L/ minute for 14 days.  Before the experiment, Oreochromis niloticus fingerlings (3.03 (0.58) were collected from the Federal University of Technology Akure teaching and research fish farm and acclimated for 7 days.  The fishes were then cultured in triplicate glass tanks for 14 days at 20 fishes/ tank.  The fishes were fed at 5% body weight twice daily.  Faecal matters were collected at four hour intervals after each feeding regime and oven dried at 48(C for 24 hrs.  At the end of the experiment, feed samples and the dried faeces per treatment were pooled and ashed.  The ashes were digested by Acid in Soluble Ash (AIA) method (Halver et al. 1993).  


AIA = Weight of Ash- Weight of AIA/ Weight of Ash


Apparent Digestibility Coefficient (ADC)=  

102 – 102 (% AIA in feed X% Nutrient in faeces)/ (% AIA in faeces X% Nutrient in feed)

Growth Experiment

Tilapia fingerlings, Oreochromis niloticus, (3.03 (0.58) were harvested from the FUTA teaching and research fish farm, sorted and grouped into triplicate tanks (70 x 45 x 45 cm) in the recirculating system (slow rate 2.5- 3.0 L/ min.) at 20 fishes/ tank.  The fishes were acclimated for 7 days before the feeding experiment.  The fishes were fed at 5% body weight twice daily (0900- 1000 and 1500- 1600h) for 42 days.  Weighing was done weekly using electronic top- loading balance (Model Metler E200).  Mean weight gain (MWG), specific growth rate (SGR), protein efficiency ration (PER) and food conversion ratio (FCR) were estimated from weekly weight data (Olvera- Novua et al. 1990).  While productive protein value (PPV) and productive fat value (PFV) were calculated from carcass yield data.


MWG= mean final weight- mean initial weight.


SGR= 102 (Lnwt- Lnw0)/t, where wt is the weight of fish at time t, w0 is the weight

   

of fish at time 0, t is the culture period in days.


PER= Weight gain/ protein fed


FGR= Total dry feed fed/ total weight gain


PPV= 102 (Protein gain (g)/ Protein fed (g))


PFV= 102 (Final carcass fat- Initial carcass fat)/ Initial carcass fat

The proximate composition of the major feedstuff and diets (Table1) were carried out according to the procedures of the AOAC (1990).  A factor of 6.25 was used to convert nitrogen to protein.  Water temperature and dissolved oxygen were measure daily with a combined digital YSI meter (YSI Model 57, VWR company, New Jersey, USA), while pH was monitored weekly using and electric pH meter (Metler Toledo- 32o model, serial No. M5970, United Kingdom).

Statistical Analysis
Biological data resulting from the experiment were subjected to one way analysis of variance using the SPSS (Statistical Package Computer Software, 1988 Version, Chicago, Illinois, USA).  Duncan’s multiple range test was used to compare differences among individual means at P=0.05 (Duncan 1955).

Economic Analysis

Profit index (PI) and incidence of costs (IC) models were used to estimate the economic benefits of the diets.


PI= Value of fish (US$)/ Cost of feed (US$)


IC= Cost of feed (US$)/ Kg. of fish produced

Calculations were based on the exchange rate of N50: US$1

RESULTS AND DISCUSSION

The use of the different oil diets did not affect the water quality, as the values of temperature, 23-31(C; dissolved oxygen, 6.5-8.5 mg/L and pH, 6.5-8.8, measured were similar in all the treatments and are within the acceptable range recommended for warm water fish culture (Boyd 1981).  The gross composition of the experimental diets, and the proximate composition is presented in Table 1.  The digestible energy (Kcal/g DM) of the diets varied from 114.26 to 154.57, while the digestible protein ranged between 13.68 and 17.31.  The protein energy ration (P/E) (mg/ protein/ kcal DE) of the diets varied from 93.03 to 134.26.  Studies by Li et al. (1991) showed that protein energy ratio (P/E) of diets influences nutrient utilization and growth; and optimum/ balanced P/E ratios boost the profitability of diets and protein sparing ability of the diets (Xiqin et al. 1994).  Santiago and Laron (1991) obtained optimum P/E ration requirements of red tilapia fed 30% protein as 100 mg/kcal (270/kcal/100g), and Li et al. (1991) recommended P/E ratio of 128 as optimum for Oreochromis niloticus fed 33.2% protein.  The mean value of P/E ratio of 114.36 obtained from the present study compares favourably with the values reported by Santiago and Laron (1991) and Li et al. (1991).

The dietary lipid of the diets from the present study varied as 11.98, 12.08, 13.92 and 16.50 for Diets 3, 2, 1 and 4, respectively.  Teshima and Kanazawa (1986) found that an increase in the dietary lipid content from 4-12% could increase the protein efficiency ratio and weight gain in tilapia.  The lipid contents of the experimental diets compare favourably with this optimum value, except Diet 4, which has about 38% lipid content higher than the recommended values.

Apparent digestibility coefficient (ADC) is used to evaluate the acceptance/ utilization of feeds by fishes (Xiqin et al. 1994).  The ADC values obtained from the present study are high (91.04- 93.15) (Figure 1).  There was no significant variation (P(0.05) in the ADC of the fishes fed the four diets, meaning that all diets were well accepted.  The values of the ADC obtained from the present study compare favourably with the mean values of 96.4, 96.4, and 94.9%, respectively, derived from Cirrhinus mrigala yearlings fed diets supplemented with crude lipid of groundnut cake, rice bran and wheat bran (Singh 1991).

Results of the growth trials using the four diets indicated no remarkable change (P(0.05) in MWG (%), SGR, PER, and FCR (Table 2, Figure 2).  However, fishes fed soybean oil diet (Diet 2) had the best SGR (2.42), PER (3.77) and FCR (2.20), while those fed palm oil diet (Diet 4) had the least.  This could be attributed to high lipid content of Diet 4, which was higher that the optimum recommended (Teshima and Kanazawa 1986) by 38%.  The best performance recorded by fishes fed Diet 2 supports the work of Takeuchi et al. (1983) who noted that O. niloticus fingerlings fed soybean oil diet attained the best weight gain and feed efficiency compared with those given beef tallow and Pollock liver oil diets.  The observation also supports the work of Corazon et al. (1993), who reported that out of the O. niloticus fingerlings fed 5% of diets (cod liver oil, corn oil, soybean oil, coconut oil, cod liver oil + corn oil, 1:1), fishes fed soybean oil diet had the best overall reproductive performance over the 24-week culture period.

The mean values of 3.65 and 2.39 for PER and SGR obtained from the present study are similar to the values of 1.88 and 3.99 for PER and SGR recorded by Kahavanath and Jagadeesh (1994) from an experiment involving the feeding of common carp fry with diets supplemented with different levels of sardine oil.  The non-significant difference in MWG (%), SGR, PER, and FCR obtained from the present study is in line with the report of Viola and Arieli (1983) who reported that dietary oil supplementation does not produce a gain in growth and food utilization in tilapia.  The result is also in line with the assertion of Hanley (1991) who reported no remarkable difference (P(0.05) in SGR, FCR and PER of male O. niloticus fed diets of varying lipid levels.

The result of the carcass yield is presented in Table 3.  Crude protein (productive protein value, PPV) and crude fat (productive fat value, PFV) deposition ranged from 13.86- 26.28 and 74.95- 136.72, respectively.  Fishes fed Diet 4, had the highest PPV followed by those fed diets 2, 1 and 3, while fishes fed Diet 2 had the highest PFV, then fishes fed diets 1, 3 and 4.  There were significant differences (P(0.05) between the PPV of fishes fed the various.  This finding contrasts the report of Hanley (1991) that no significant differences existed in the carcass protein of O. niloticus fed diets supplemented with varying levels of lipid.  Also remarkable differences (P(0.05) existed in the fat deposition (PFV) in fishes fed the different diets.  This observation is in line with the findings of Ellis and Reigh (1991) and Hanley (1991) who reported an impact of dietary lipid on carcass fat levels.  However, the observation disagrees with the report of Corazon et al. (1993) that out of all O. niloticus fingerlings fed diets supplemented with 5% cod liver oil, corn oil, soybean oil, and coconut oil, that the groupd of fish fed cod liver oil diet had the highest levels of fat in the liver and muscle. 

The economics of feed production showed that the costs of the diets were minimized by supplementing soybean oil, vegetable oil and palm oil in the diets compared with the diet supplemented with cod liver oil (Table 4).  This assertion is buttressed by the relative similar profit index (PI) obtained from using the various diets.  The trend of the results indicated that though any of the four oil types could be used in the production of O. niloticus, soybean oil is the best prospect based on nutrient digestibility, nutrient utilization and cost effectiveness. 
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Table 1.  Ingredient and Proximate Composition of the Test Diets.

Ingredients (g/1000g/DM)
Diet 1
Diet 2
Diet 3
Diet 4

Fish Meal (65% CP)
28.10
28.10
28.10
28.10

Shrimp Head Meal (52%CP)
22.60
22.60
22.60
22.60

Maize
28.3
28.3
28.3
28.3

Bone Meal
3.0
3.0
3.0
3.0

Mineral Premix
5.0
5.0
5.0
5.0

Vitamin Premix
5.0
5.0
5.0
5.0

Starch
2.0
2.0
2.0
2.0

Cod Liver Oil
6.0
0
0
0

Soybean Oil
0
6.0
0
0

Vegetable Oil
0
0
6.0
0


Palm Oil
0
0
0
6.0

Proximate Composition (g/100g/DM)

Crude Protein
30.30
30.10
30.25
30.22

Ether Extract
13.93
12.08
11.98
16.50

Nitrogen Free Extract
35.05
37.31
44.78
34.32

Crude Fibre
3.65
3.65
3.65
3.65

Ash
10.71
10.53
9.26
8.96

Digestible Energy (kcal/g/DM)
154.57
142.86
147.05
114.26

Digestible Protein
16.86
17.31
13.68
15.34

Protein Energy Ratio P/E

   (mg/protein/kcal DE)
109.08
121.17
93.03
134.26

Table 2.  Initial and Final Whole Body Composition of O. niloticus Fed Different Oil Diets for 42 Days.



Dry Matter (%)
Dry Matter Bases (%)


Crude Protein
Crude Fat
PPV
PFV

Initial
24.41
44.94
4.63

Diet 1
24.50
52.92
10.35
17.76a
123.54a

Diet 2
21.37
54.09
10.96
20.25ab
136.7ab

Diet 3
23.37
51.09
8.27
13.68b
78.62b

Diet 4
22.69
56.75
8.10
26.28c
74.95b

Means on the same column followed by the same letter are not significantly different (P(0.05).

Table 3.  Nutrient Utilization of O. niloticus Fed Different Oil Diets for 42 Days.

Treatments/ Diets


1
2
3
4

Initial Mean Weight (g)
3.13(.04
3.21(.03
3.11(.02
3.11(.02

Final Mean Weight (g)
8.62(.02
8.88(.02
8.41(.01
8.33(.01

Mean Weight Gain (g)
5.49(.02
5.67(.03
5.42(.01
5.35(.01

Survival (%)
100
100
100
100

Mean Weight Gain (%)
175.40
176.64
174.28
172.03

Total Feed Fed (g)
253
250
252
258

SGR
2.41(.01
2.42(.01
2.37(.01
2.35(.01

PER
2.62(.05
3.77(.06
3.58(.04
3.54(.05

FCR
2.30(.54
2.20(.50
2.32(.48
2.41(.50

Means on the same row followed by the same letter are not significantly different (P(0.05).

Table 4.  Economic Benefits of the Diets (US$).

Parameters
Diet 1
Diet 2
Diet 3
Diet 4

Cost of Feed (US$ kg)
0.14
0.13
0.13
0.11

Value of Fish (US$ kg)
0.34
0.36
0.34
0.33

Kg of Fish Produced
0.17
0.18
0.17
0.17

Profit Index (PI)
2.43
2.77
2.62
3.00

Incidence of Cost (IC)
0.82
0.72
0.76
0.65

NB:  Exchange rate is put at N50:  US$ 1.0.

         Cost of 1 kg of fish is put at US$ 2.0.



