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Effects of High Level of Different Dietary Lipids on Growth of Juvenile Barramundi (Lates calcarifer) S. Raso Faculty of Science and Technology, Surindra Rajabhat University Muang District, Surin, Thailand, 32000 *Corresponding author. Email: [email protected]



Abstract An experiment was carried out to investigate effects of high level (30%) of four different dietary lipids on growth of juvenile barramundi (Lates calcarifer). Four diets were formulated with varied sources of dietary lipids, plus commercial diet as a control. Each diet was fed to 6 replicate 70-L tanks of 10 fish (50 g) for 60 days and subsequently fish were starved for 40 days. It was found that high level of different dietary lipids and starvation influenced growth of juvenile barramundi. Relatively poor growth was observed for all diets, as compared with control diet. Juvenile barramundi were likely unable to cope with such a high level of different dietary lipids. Keywords: juvenile barramundi, Lates calcarifer, high level, dietary lipids and growth Introduction In fish nutrition, although, protein are widely used in the preparation of fish feed, lipids are second important nutrient, based on its quality in aquaculture feed manufacture. The main function of lipids is to supply energy and to provide sources of fatty acids for fish (Bell, 1998). Generally, freshwater fish require either dietary linoleic acid, (18:2n-6) or linolenic acid (18:3n-3) or both. However, stenohaline marine fish require dietary eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 22:6n-3) (National Research Council, 1993). The essential fatty acid requirement of most freshwater fish can be satisfied by adequate supply of linolenic and linoleic acids which can be elongated and desaturated to the longchain polyunsaturated fatty acids (PUFA), DHA and arachidonic acid (AA, 20:4n-6), respectively (Ruyter et al., 2000). Dietary lipids are known to affect the growth of many fish species. Increasing levels of lipid up to 28% leads to increased growth rate in gilthead sea bream (Sparus aurata) (Vergara et al., 1999).



Similarly, salmon fed the high-fat diets were on average 122 g heavier than those fed the mediumfat diet (Refstie et al., 2001). However, barramundi fed high protein (50%) and 15% lipid had the highest weight gain and specific growth rate, whereas fish given diet containing 35% protein had the poorest growth (Catacutan and Coloso, 1995). It is therefore, lipid needed to consider the level of lipids, in conjunction with protein contents when formulating feed to optimise the dietary energy ratio. Since too high (Refstie et al., 2001) or too low (Vergara et al., 1999) dietary lipid levels may depress growth performance of the fish. High body fat concentration may also suppress feed consumption and reduce growth. This study aims to investigate the effects of feeding high level of different dietary lipids on growth of juvenile barramundi (L. calcarifer). The objective was also to look for cheaper sources of dietary lipids to overcome the sustainable use of fish oil in artificial fish diet and to look for available sources of lipid within the market.
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fed manually to satiation twice a day in the morning and in the afternoon.



Materials and Methods Experimental Procedure Four month old juvenile barramundi or Asian sea bass (Lates calcarifer) with average weight of 50 g were obtained from a commercial farm (NQ Barra) in Townsville, North Queensland, Australia. Fish were transported in an aerated tank by road in a truck fitted to the aquaculture compound at James Cook University, Queensland. After arrival, juvenile barramundi were maintained in seawater for 2 hours. Then, they were sorted into groups of 10 of similar size, and placed into 70-L plastic tanks. Thirty-two tanks (6 replications per diet plus 2 biofilters) were set up indoors. Juvenile barramundi were acclimatised and fed for 2 weeks with the commercial AquafeedBarra before the experiment started. The cultural system was in a closed recirculation cultural system. Each tank was aerated and total water flow was approximately 70 L h-1. Temperature, salinity and photoperiod in the experimental room were maintained at 28°C, 0 g L-1 salinity and 12L:12D h, respectively. Fish were Table 1
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Diet Preparation Four experimental diets were formulated, containing at high lipid level (30%), from different sources of lipids (Table 1). Fish oil, soybean oil, canola oil and linseed oil were used to provide different fatty acid profiles in the diet. Ingredients without vitamins, minerals, and oil) were weighed accurately (using a scale) and mixed thoroughly using a Hobart #12 chopper attachment with a 3.11 die plate, powered by a Model A120 mixer (Hobart, Troy, Ohio, USA). Then, they were placed in an autoclave (121°C, 25 min) to gelatinise the starch. After cooling, vitamins, minerals and oil were added. Next, water was added and the mixed diets were processed through a metal die plate using the mincer attachment of the Hobart mixer to form compacted pellets which were then cut to a predetermined size (3 mm). Diets were dried overnight in an oven at 50°C and packed, sealed in plastic bags before frozen at -20°C until it is needed.



Diet formulation (wt. %) of experimental diets for juvenile barramundi (Lates calcarifer). Dietary lipid Ingredient Corn starch2/ 3/



Fish meal Casein



4/



Oil



Commercial1/



Fish oil



Soybean oil



Canola oil



Linseed oil



nd



0.05



0.05



0.05



0.05



nd



0.46



0.46



0.46



0.46



nd



0.11



0.11



0.11



0.11



nd



0.3



0.3



0.3



0.3



5/



nd



0.03



0.03



0.03



0.03



6/



nd



0.045



0.045



0.45



0.045



Cellulose



nd



0.045



0.045



0.045



0.045



Protein (%)



nd



45.19



45.19



45.19



45.19



Energy



nd



23.86



23.86



23.86



23.86



Protein/energy



nd



18.94



18.94



18.94



18.94



Crude lipid (%)



12.25±0.13



30



30



30



30



Vitamins Minerals



7/



1/



nd=data were not available. 2/ Corn starch; Australasia Ltd., NSW, Australia. Autoclaved at 125°C, 25 min. 3/ Fish meal; Pesqueraitata S.A., Taicahuano, South Chille. 4/ Casein; Malanda Dairy foods Ltd., Malanda, QLD, Australia. 5/ Vitamin mix PABA (0.0525 g kg-1 diet) and Choline Cl (1.2 g kg-1 diet) were added to achieve nutrient requirements. 6/ Mineral mix; Rhone-Poulenc Animal nutrition Pty. Ltd., Australia. 7/ Cellulose; Hanh&Co., Germany.
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Sample Collection and Analysis Two fish were randomly selected from each diet at the beginning of the experiment, killed and the fillets were pooled and frozen at -20°C until analysis. Benzocaine (ethyl-ρ-amino benzocaine, Sigma, USA) was used to anaesthetise (7 mg L-1) fish for weight and length measurements at the beginning of the experiment, after 60 days of feeding and after 40 days starvation. Half of fish were sampled and the other was starved for 40 day and the fillets were frozen. Frozen fish muscles were analysed (n=10) in the laboratory for total lipid and dried weight by folch methods (Folch et al., 1957). Total lipid and dry weight were expressed as total percentage in 1 g of fish muscle. In addition, weight gain, specific growth rate (SGR), feed conversion ration (FCR), feed efficiency (FE), condition factor (K) and survival were estimated at the end of the experiment. Statistical Analysis Data were analysed using SPSS for windows release 9.0.1 computer software package (Copyright ©SPSS Inc 1989-1999, USA). Mean dietary values per tank were compared using a oneway ANOVA with dietary treatment as the main factor. Data were explored to check assumptions for ANOVA. If the data were not normal or
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homogeneous, transformation would be used to meet these assumptions. However, if they were still not normal or homogeneous after transformation, alternative analysis of a non-parametric KruskalWallis test would be used. Multiple comparisons of significant (P0.05) between weight gain of fish fed (fish oil diet) and fish fed (soybean oil) diet. Similar results were found between weight gain of fish fed canola oil (P>0.05) and fish fed linseed oil diet. On the other hand, weight gain of fish fed both fish oil and soybean oil diet was significantly different (P


Table 2 Performance parameters of juvenile barramundi (Lates calcarifer) fed high level of different dietary lipids for 60 days. Values are expressed as means±standard error of mean (SEM)1/. Experimental diet Parameter



Commercial



Fish oil



Soybean oil



Canola oil



Linseed oil



IBW (g per fish)



60.81±1.28 a



55.16±1.18 b



53.59±1.44 b



54.58±1.28 b



56.85±1.22 ab



FBW of feeding fish (g per fish)



105.50±1.75 c



66.29±1.57 b



65.47±1.64 ab



59.77±1.49 a



62.36±1.41 ab



FBW of starved fish (g per fish)



91.18±2.16 a



56.28±2.01 b



55.09±2.29 b



51.56±2.11 b



50.93±1.37 b



Weight gain (g)



44.95±0.87 a



11.11±1.59 b



11.08±1.42 b



5.13±0.80 c



5.58±0.99 c



Weight loss (g)



14.33 a



10.01 a



10.38 a



8.21 b



11.43 a



100



100



100



98



100



39.30



33.48



34.57



31.61



33.79



0.92±0.03 d



0.31±0.04b c



0.31±0.04 c



0.18±0.02 ab



0.16±0.03 a



0.88



3.02



3.13



6.16



6.06



Survival (%) Total feed fed (g per fish) SGR (% per day) FCR 1/



Values in the same row with the same letter are not significantly (P>0.05) different using Tukey’s HSD multiple comparison. The following formulae were used: Weight gain = final body weight (FBW) – initial body weight (IBW). Specific growth rate (SGR) = 100 (ln (FBW)-ln (IBW)) / number of day. Feed conversion ratio (FCR) = total feed fed (g) / weight gain (g). where FBW=the final body weight, IBW=the initial body weight, W=the wet weight, L=fork length of individual fish.
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The results of starving group after feeding at high level of lipid diet showed loss of weight and decrease in condition factor (Table 2). The greatest weight loss was occurred in the fish fed canola oil and there were significant differences between other groups. In addition, the weight loss of fish fed canola oil significantly different (P
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2000). Similarly, European sea bass juveniles (Dicentrarchus labrax) fed increasing dietary lipid levels (12, 18, 24 and 30% DM), had the lowest feed efficiency values in fish fed 30% lipid diets (Peres and Oliva-Teles, 1999). However, turbot (Scophthalmus maximus L.) fed a diet with a high fat content (25.4%) showed no significant differences in energy intake, specific growth rate or weight gain (Saether and Jobling, 2001) to fish fed low fat diets (16.6%). It should also be noted that requirement of dietary lipid level differed between species and their habitats. Therefore, it is needed to consider and carefully interpreted the results in order understand the effect of dietary lipid level in the present study. In marine fish such as salmon, feeding them more than 30% of lipids may not cause a reduction of growth (Refstie et al., 2001). However, this study showed that rearing barramundi in fresh water and feeding 30% of lipid apparently caused a reduction of feed consumption, which leaded to depression of growth. Juvenile barramundi were reported to require dietary lipid between 10 to 20% at a protein level of 45 to 50% to meet the optimal growth requirement (Boonyaratpalin, 1991). No differences in growth rate and survival were observed when barramundi were fed three diets containing 52% crude protein and 6, 10, or 14% lipid (Boonyaratpalin, 1991). Apart from lower or higher of lipid level, juvenile barramundi show signs of imbalanced nutrients and have reduced growth. Previous work from Catacutan and Coloso (1997) showed that Asian sea bass fingerling had the best growth rate when fed by 10 to 12% of 1:1 mixture of cod liver oil and soybean oil, at a 42.5% dietary protein with an energy level of about 337-



Table 3 Total lipid and dry weight content in fish tissues of fed and starved juvenile barramundi (L. calcarifer) after feeding with high level of different dietary lipids for 60 days1/. Experimental diet Parameter measurement Fed lipid content (%) Starved lipid content (%) Fed dry weight (%) Starved dry weight (%) 1/



Initial



Commercial



Fish oil



Soybean oil



Canola oil



Linseed oil



1.59±0.1.18



3.75±1.17



2.42±0.42



4.05±0.64



3.69±0.80



2.88±0.33



nd



3.13±0.50



2.44±0.62



3.51±1.19



2.15±0.60



2.44±0.24



23.53±0.17 a



23.54±0.14 a



22.82±0.24 a



23.26±0.31 a



22.09±0.25 a



21.90±0.43 a



nd



22.56±1.06 a



20.86±0.32 a



21.10±0.30 a



20.60±0.27 a



20.91±0.29 a



Values are expressed as means±SEM. Values in the same row with the same letter are not significantly (P>0.05) using Turkey’s HSD multiple comparison. nd = Data not available.
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358 kcal 100 g-1 diet and the P:E ratio close to 128 mg of protein per kcal. According to the previous results, it is assumed that giving high lipid content, above the recommended high protein levels, may suppress the growth rate of barramundi. Acknowledgments The author gratefully indebt to my supervisor, Dr. Trevor A. Anderson and North Queensland Barra farmer who provided fish for this research. I would like to acknowledge the school of Marine Biology and Aquaculture, James Cook University, Surindra Rajabhat University and Thai government for provision of financial support in this research project. References Bell, J.G. 1993. Current aspects of lipid nutrition in fish farming, pp. 114-139. In: K.D. Black and A.D. Pickering, (Eds.), Biology of Farmed Fish. Sheffield Academic Press, England. Boonyaratapalin, M. 1991. Asian Seabass, Lates calcarifer, pp. 5-11. In: R.P. Wilson, (Ed.), Handbook of Nutrient Requirements of Finfish. CRC Press, USA Catacutan, M.R. and R.M. Coloso. 1995. Effect of dietary protein to energy ratios on growth, survival, and body composition of juvenile Asian seabass. Lates calcarifer. Aquaculture 131: 125-133. Catacutan, M.R. and R.M. Coloso. 1997. Growth of juvenile Asian seabass, Lates calcarifer, fed varying carbohydrate and lipid levels. Aquaculture 149: 137144.
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