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Abstract

Digestive enzymes activity and in vitro protein, starch and lipid digestibility were investigated in three different sizes of Nile tilapia (5.7, 35.8 and 92.1 g). Enzyme activity from intestine showed the high activity of protease and lipase in small fish and amylase in the large one. The in vitro digestibility by intestinal enzymes was studied with different raw materials included fish meal, soy bean meal and sunflower meal for protein source; tapioca flour, rice flour and maize starch for carbohydrate source; and fish oil and palm oil for lipid source. Protein digestibility in 35.8 and 92.1 g tilapia were highest in fish meal and sunflower meal respectively while there were no significant differences of digestibility among protein source in 5.7 g tilapia.  Starch digestibility in 35.8 g fish was highest in tapioca flour but not significantly different (P>0.05) in 5.7 and 92.1 g fish. Lipid digestibility of the 35.8 and 92.1 g fish have the highest digestion in fish oil but 5.7 g fish was palm oil. The ability of fish to utilize feed stuffs from various sources changed with the size and enzyme activity of fish, the sources and types of feed stuff. These results can be used as a basis for feed formulation for the culture of different sizes of Nile tilapia so optimum nutritional values and cost - effectiveness could be achieved.
INTRODUCTION

Tilapia continues to show tremendous growth in out put. Global production totaled 2,348,656 tones in 2006. Half of this was traded internationally. In 2002, tilapia became an aquaculture trade commodity (Merican, 2007). The culture system of tilapia is intensive production system. In intensive culture system, diets are the most expensive item, ranging from 30% to 60% of the total variable expenses, depending on the intensity of the culture operation (Webster and Lim, 2002). Thus, nutritionally balanced diets, good feeding management and the use of cost - effective of feed are important requisites for successful tilapia production. For diet or feed, proteins are important and necessary nutrition for fish in every size.  Proteins are indispensable nutrient for the structure and function of all living organism, including tilapia. Proteins are used for maintenance, growth and reproduction. Feed ingredients as protein sources such as fish meal, soybean meal and sunflower meal are expensive especially fishmeal. Carbohydrates or saccharides are excellent source of energy and carbon (Halver and Hardy, 2002) and the major carbohydrates of feed ingredients for fish are oligo- and polysaccharides (starch cellulose and pectin) (Hertrampf and Pascual, 2000).  Feed ingredient as carbohydrate source are starch such as tapioca flour, rice flour, maize starch and wheat flour. In addition, lipid is necessary and should be used to reduce diets cost and maximize nitrogen retention. Moreover, lipids are the only source of essential fatty acids needed by fish for normal growth and development. They are also important carriers and assist in the absorption of fat – soluble vitamins.  Furthermore, lipid improves the flavor of diet and affects the diet texture and fatty acid composition of fish. Some of lipid for feed ingredient can vegetable and fish oil. (Webster and Lim, 2002).  In general, protein source especially fish meal is high so attempts have been made to partially or totally replace or decrease fish meal with less expensive sources. Proportion of ingredients are decreased, increased or replaced depend on digestion of fish. Digestibility should be the criteria in determining the suitability of the raw material, similar to that carried out in the live stock feed formulation (Merican, 2007).  Plant meal: the primary future protein source for aquafeeds will be plant proteins for almost all types of feed. Plant meals with global availability, good protein digestibility and complementary nutrient composition such as soybean, corn and other plant meals will increasingly replace fish meal. To some degree, most plant proteins contain some anti nutritional factors that vary with the processing, type and quality of the plant protein.  Formulators should keep this concern in mind so as to find the correct quality and type plant protein for the target species. Protein of animal origin is generally more digestible than those of plant origin. Some technological treatments applied to plant proteins bring about a marked improvement in Apparent Digestibility Coefficient (ADC) by destroying antinutritional factors (Guillaumej et al, 2001). Lipids are well utilized by fish (ADC>95%), whatever their origin. The digestibility of starch, which is the only source of carbohydrates likely to be incorporated into fish feeds for economic reason, is often of the order of 70 -80 % and can be less than 50%. Starch digestibility depends on its nature, the relative proportions of amylose and amylopectin as well as the sizes and integrity of the starch grain.  The aims of this study were to determine the in vitro digestibility in three sizes of Nile tilapia. The results from this study will be used as a basis to determine the raw material for replacement and to develop feed formulation suitable for different sizes of Nile tilapia so that optimal nutritional values and cost – effectiveness could be obtained.  

MATERIALS AND METHODS

Fish and Sample Preparation

Three hundred male Nile tilapia (Oreochromis niloticus, L.) from Faculty of Fisheries, Khampangsan campus, Kasetsart University were used in this study. They were divided into 3 groups with an average weight of 5.7 ( 0.5, 35.8 ( 2.5 and 92.1 ( 5.9 g.  Fish were acclimated for one week by feeding with 28, 30 and 35% protein feed for 92.1, 35.8 and 5.7g fish respectively. Intestine was collected and weighed at 16 hours after feeding. Samples were stored at -80 C until use.  

Crude enzyme preparations

The crude enzyme extract was prepared by the method of Gimenez et al. (1999).  The enzyme activity of protease, amylase and lipase were measured in triplicate by the methods of Bezerra et al. (2005), Bernfeld (1951) and Markweg et al. (1995) with slight modification respectively. 

In vitro digestibility of protein

Three raw materials were fish meal, soy been meal and sunflower meal were measured in triplicate by the cleavage peptides method of Rungruangsak (2002) with slight modifications. Twenty milligrams of each raw material was added with 40 ml of 50 mM phosphate buffer (pH 7.5) and incubated overnight at 30 C. In vitro digestion was started by adding 0.5 ml of the crude enzyme extract and incubated for 24 h at 30 C in a shaking incubator.  After digestion, 1 ml of each digested mixture was sampled and rapidly frozen at -80 C for later determination of cleavaged peptides by measuring the absorption at 750 nm (Lowry, 1951) and converted in to mg protein using a standard curve.
In vitro digestibility of starch

The different starch fractions (rapidly digestible starch (RDS), slowly digestible starch (SDS), resistant starch (RS) of rice flour, maize starch and tapioca flour were measured in triplicate by the method of Hagenimana et al. (2006) with slight modifications. Samples of flours were rice flour; tapioca and maize flour equivalent to 100 mg starch were mixed vigorously in large test tubes (15 ml) with distilled water (5 ml) then boiled10 min. in a water bath at 96 C and cooling to room temperature. After cooling, the mixture was suspended in 15 ml of 0.2 M phosphate buffer (pH 7.5). Then 1 ml of crude enzyme extract were added and incubated at 30 C in  a shaking incubator. After the appropriate incubation time, samples were centrifuged at 3,000 g for 10 min and supernatant removed. The RDS is defined as the glucose released after 20 min. A second measurement of the glucose released after further 100 min incubation is defined as SDS. RS was measured in vitro as the starch that remained unhydrolysed after a total of 120 min of incubation. The reducing sugar produced at the end of treatment was analyzed using 3,5-dinitrosalicylic acid method (Bernfeld, 1955). The starch digestion index (SDI), a measure of the relative rate of starch digestion was calculated as follows: SDI = (RDS/TS) X100. A glucose standard curve was prepared and the extent of hydrolysis calculated as the proportion of starch converted to glucose.
In vitro digestibility of lipid 

Two raw materials, fish oil and palm oil were measured in triplicate by the triglyceride test kit method of Mun et al., (2007) with modifications. The remainder of triglyceride from the emulsified lipids due to lipase activity was monitored using a triglyceride test kit method. A 30 ml sample of emulsion (pH 7.0) was transferred into a clean flask. The samples were pre-incubated at 37 C for 10 min and then a 7.5 ml mixture of bile extract and intestinal lipase (containing 187.5 mg bile extract and 1 ml of intestinal lipase in 5 mM phosphate buffer) was added to each emulsion. The final concentrations of bile extract in the reaction mixture were 5.0 mg/ml. Finally, samples were incubated in a shaking bath (95 rpm) at 37 C for 2 h to mimic conditions in the intestinal tract, and during this time, samples were periodically selected for analysis. The remainder of triglyceride was determined by the triglyceride test kit after incubation. The percentage of lipid hydrolysis or digestibility was the proportion of amount of triglyceride before hydrolysis to amount of triglyceride after hydrolysis.

Statistical  analysis

The data obtained for the percent of digestibility of protein, starch and lipid were subjected to a one way analysis of variance (ANOVA) followed by Duncan’s New Multiple Range Test.

RESULTS AND DISCUSSION
Enzyme activity 

The specific enzyme activities from intestine of different sizes of tilapia were presented in Table 1. The activity of protease and lipase in small (5.7 and 35.8 g) fish were higher than those in the large (92.1 g) one. Amylase activity, on the other hand, was low in the small and increased in the large fish. The results agreed with the report by Rathore et al. (2005) who also found that the amylase activity of common carp was high in the large fish. The growth of fish is highly variable being greatly dependent up on a variety of interacting environmental factors such as water temperature with other factors such as the degree of competition, the amount and quality of food ingested and the age and state of maturity of the fish (Moyle and Cech, 2000).  Regarding food quality, a complete diet with essential amino acids, fatty acids and vitamins is required for high growth rate in fish. From the results, the activities of protease and lipase, which are essential for the utilization of protein and lipid from feed corresponding to high growth rate at early age, were high in the small fish. Amylase which is needed for the hydrolysis of carbohydrates responds to the level of dietary carbohydrate. Oreochromis mossambicus developed higher amylase activity when changed to a starch – rich diet (De Silva and Anderson, 1995). Thus carbohydrase (amylase) and protease activity are related to the feeding habit of fish 

Table 1.  Activities of digestive enzymes in various sizes of Nile tilapia.

	Sizes (g)
	Activities of digestive enzymes 

	
	Protease

(U min -1mg protein-1)
	Amylase

(mU min -1mg protein-1)
	Lipase

(U min -1mg protein-1)

	5.7
	0.440 ± 0.009a
	0.049 ± 0.007 c
	0.061 ± 0.003 a

	35.8
	0.436 ± 0.013 a
	0.921 ± 0.040 a
	0.039 ± 0.000 b

	92.1
	0.139 ± 0.009 b
	0.539 ± 0.016 b
	0.037 ± 0.002 b

	P – value
	0.0001
	0.0001
	0.0001


abc Mean values in the same column with different letters were significantly different (P<0.01)
In vitro digestibility

The in vitro protein, starch and lipid digestibility by crude enzyme extract from intestine of 5.7, 35.8 and 92.1 g tilapia on eight feed stuffs (fish meal, soy bean meal and sun flower meal as protein source; rice flour, maize starch and tapioca flour as starch source and fish oil and palm oil as lipid source.) were shown in Table 2. 

Table 2.  In vitro protein, starch and lipid digestibility (%) by crude enzyme extract from intestine of 5.7, 35.8 and 92.1 g Nile tilapia 
	Feed stuff
	Apparent digestibility coefficient (%)

	
	5.7 g
	35.8 g
	92.1 g

	Protein source
	

	 Fish meal
	69.78 ( 4.26 
	52.32 ( 1.81 a
	58.53 ( 1.28 c

	Soybean meal
	65.91 ( 5.35 
	36.78 ( 2.49 c 
	70.00 ( 0.96 b 

	Sun flower meal
	66.20 ( 7.35 
	43.36 ( 2.56 b
	80.50 ( 1.87 a

	P – value 
	0.6793
	0.0005
	0.0001

	Starch source 
	

	Rice flour
	25.499 ( 1.422
	20.773 ( 0.918 c
	24.784 ( 0.749

	Maize starch
	26.686 ( 0.759
	27.453 ( 0.671 b
	26.263 ( 0.338 

	tapioca  flour
	24.067 ( 0.676
	29.857 ( 0.193 a 
	25.269 ( 1.166 

	P - value
	0.0516
	0.0001
	0.1613

	Lipid source 
	

	Fish oil 
	51.37 ( 1.45b
	61.16 ( 2.06 a
	50.18 ( 1.10 a

	Palm oil 
	54.79 ( 0.54a
	57.42 ( 1.43 b
	34.60 ( 5.39 b

	P - value
	0.0489
	0.0465
	0.0176


Values were means of triplicate analyses. Mean value within the columns with different letters were significantly different at P<0.01 

Protein digestibility was different by size of fish and source of feed stuff. The digestion rate of protein was higher than starch and lipid except the 35.8 g fish have the lipid digestion was highest.  Fish generally digest proteins with an Apparent digestibility coefficient (ADC) exceeding 90%, a level equal or superior to those observed in terrestrial vertebrates. Digestibility of proteins from a given source varies relatively little between fish species. For a given species, it is very consistant, although it sometimes increases slightly with fish size. The starch digestibility of fish for three kinds of flour was lower than the protein and lipid digestibility. Fish in generally utilize dietary carbohydrate poorly and the ability of fish to utilize certain carbohydrates changes with the size or age of the fish (Shiau, 1997).  For lipid digestibility, tilapia are known to utilize dietary lipids very efficiently (El – Sayed, 2006). The digestion of oil in these fish was related with lipase activity and the kind of oil. The digestibility is affected by the level of saturated and unsaturated fatty acid. The apparent digestibility of fatty acids of fish oil depends on their chain – length. With increasing chain – length the digestibility of saturated fatty acids declines. Unsaturated fatty acids are better digested than saturated fatty acids (Hertrampf and Pascual, 2000).  

In vitro protein digestibility

The in vitro protein digestibility by crude enzyme extract from intestine of 5.7, 35.8 and 92.1 g tilapia on three feed stuffs (fish meal, soy bean meal and sun flower meal) were shown in Table 3 and Figure 1. 
Table 3.  In vitro protein digestibilities (%) by crude enzyme extract from intestine of 5.7, 35.8 and 92.1 g Nile tilapia  

	Feed stuff

Protein source
	Water soluble fraction
	Digestibility of Water soluble fraction
	Digestibility of Water soluble fraction (%)

	5.7 g fish
	
	
	

	Fish meal 
	0.12 ( 0.00
	0.08 ( 0.00
	69.78 ( 4.26 

	Sunflower meal
	0.11( 0.00
	0.07 ( 0.00
	66.20 ( 7.35

	Soybean meal
	0.12 ( 0.00
	0.07 ( 0.00
	65.91 ( 5.35

	P - value
	0.1630
	0.1319
	0.6793

	35.8 g fish 
	
	
	

	Fish meal 
	0.02 ( 0.00
	0.01 ( 0.00
	52.32 ( 1.81 a

	Sunflower meal
	0.04 ( 0.00
	0.01 ( 0.00
	43.36 ( 2.56 b

	Soybean meal
	0.03 ( 0.00
	0.01 ( 0.00
	36.78 ( 2.49 c

	P - value
	0.1084
	0.2512
	0.0005

	92.1 g fish
	
	
	

	Fish meal 
	0.03 ( 0.00
	0.02 ( 0.00
	58.53 ( 1.28 c

	Sunflower meal
	0.02 ( 0.00
	0.02 ( 0.00
	80.50 ( 1.87 a

	Soybean meal
	0.02 ( 0.00
	0.01 ( 0.00
	70.00 ( 0.96 b

	P - value
	0.0604
	0.1652
	0.0001


Values were means of triplicate analyses. Mean value within the columns with different letters were significantly different at P<0.01 

The end products were in the form of cleavage peptides in percentage digestive sample. The digestibility of three protein sources of feed stuffs of 5.7 g fish were not significantly different (P>0.05). In contrast, the protein digestibility was significantly different (P<0.05) in 35.8 and 92.1 g fish. Fish meal was the highest digestion and soy bean meal was the lowest digestion for 35.8 g fish. Protein digestibility doesn’t always reflect the digestibility of essential amino acids.  About 6% of the total protein of soya beans could reduce activities of trypsin and chymotrypsin which are pancreatic enzyme and involve in protein digestion (Hertrampf and Pascual, 2000. For some fish, soy bean meal is unpalatable but herbivorous and omnivorous like tilapia is less choosy. On the other hand, the size or age of the fish may also affect the palatability of soy bean meal (Hertrampf and Pascual, 2000). The highest protein digestibility of 92.1 g fish was found in digestion of sunflower meal and the digestion of fish meal was the lowest protein digestion. The result was the same with common carp which the digestion of the dry matter, carbohydrate and crude fiber for sunflower meal is low but protein digestibility is in the medium range. Percent protein digestibility of common carp is 76.6 % (Hertrampf and Pascual, 2000). Protein requirements of tilapia depend, among other things, on the size or age, protein source and the energy content of the diets. Protein requirement decrease with increasing fish size (El – Sayed et al., 2006). In general, protein digestion in the early juvenile stage is heavily dependent on the alkaline tryptic enzyme rather than on the acid peptic enzymes (De Silva and Anderson, 1995).       
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Fig. 1.  In vitro protein digestibility of 5.7, 35.8 and 92.1 g tilapia with different sources of protein.

In vitro starch digestibility 

The in vitro starch digestibility by crude enzyme extract from intestine of 5.7, 35.8 and 92.1 g fish on three feed stuffs (rice flour, maize starch and tapioca flour) are shown in Table 4 and Figure 2. 

Table 4.  In vitro starch digestibilities (%) by crude enzyme extract from intestine of 5.7, 35.8 and 92.1 g Nile tilapia  

	Feed stuff

Starch source
	TS
	SDS
	RDS
	RS
	In vitro digestibility (%)

	5.7 g fish
	
	
	
	
	

	Rice flour 
	26.82 ± 0.80
	10.18 ± 0.32
	6.84 ± 0.54
	9.79 ± 0.09
	25.49 ± 1.42

	Maize  starch
	26.66 ± 0.99
	9.70 ± 0.55
	7.11 ± 0.42
	9.83 ± 0.09
	26.68 ± 0.75

	Tapioca flour
	26.18 ± 0.77
	10.03 ± 0.38
	6.30 ± 0.14
	9.85 ± 0.37
	24.06 ± 0.67

	P - value
	0.6608
	0.4398
	0.1198
	0.9582
	0.0516

	35.8 g fish 
	
	
	
	
	

	Rice flour 
	21.23 ± 0.58 b
	8.11 ± 0.25 b
	4.41 ± 0.24 b
	8.71 ± 0.39
	20.77 ± 0.91 c

	Maize  starch
	25.59 ± 1.09 a
	9.53 ± 0.66 a
	7.02 ± 0.15a
	9.04 ± 0.94
	27.45 ± 0.67 b

	Tapioca flour
	24.39 ± 0.15 a
	8.63 ± 0.16 b
	7.28 ± 0.04 a
	8.47 ± 0.23
	29.85 ± 0.19 a

	P - value
	0.0008
	0.0169
	0.0001
	0.5495
	0.0001

	92.1 g fish
	
	
	
	
	

	Rice flour 
	21.87 ± 0.42 a
	8.33 ± 0.30 a
	5.42 ± 0.24 a
	8.11 ± 0.07 a
	24.78 ± 0.74

	Maize  starch
	20.13 ± 0.09 b
	7.36 ± 0.65 b
	5.28 ± 0.04 a
	7.48 ± 0.72 ab
	26.26 ± 0.33

	Tapioca flour
	17.00 ± 0.09 c
	6.02 ± 0.19 c
	4.29 ± 0.20 b
	6.68 ± 0.08 b
	25.26 ± 1.16

	P - value
	0.0001
	0.0018
	0.0006
	0.0175
	0.1613


Values are means of triplicate analyses. Mean value within the columns with different letters are significantly different at P<0.01 

  RDS - rapidly digestible starch

     SDS - slowly digestible starch 

  RS    - resistant starch   


     TS - Total starch   

The digestibility of three kinds of flour in the 5.7 and 92.1 g fish were not significantly different (P>0.05) but it was significantly different (P<0.05) in the 35.8 g fish in which tapioca flour digestion was highest and rice flour digestion was lowest. The digestibility of starch varies with amylase activity. The results were in line with work of Hu et al. (2004) who found that the content of resistant starch (RS) of rice increased with the increasing amylose in the same type of rice. However, the amylose content was not only a factor determining starch digestibility for intermediate and high amylose rice (El – Sayed, 2006). In addition, the study of Sagum and Arcot (2000) was reported the level of amylose affected the digestibility of starch and the significant increase in RDS and corresponding decrease in the amount of SDS rendered the samples more digestible. High amylose starch is digested more slowly than normal or low amylose starch and also yields more resistant starch in food. Starch digestibility depends on its nature; the relative proportions of amylase and amylopectin as well as the size and integrity of the starch grain. Starch differs depending on their botanical origins (Guillaume et al., 2001). The ability of pancreatic enzymes to digest raw cereal starch is related to the crystalline arrangement of its starch granules (Onyango, 2005). Carbohydrate utilization by tilapia is affected by a number of factors, including carbohydrate source, fish sizes and feeding frequency (El – Sayed, 2006). The ability of fish to utilize certain carbohydrate changes with the size or age of the fish (Shiau, 1997). Tilapia can efficiently utilize as much as 35 – 45% digestibility carbohydrate (El – Sayed, 2006). 



Fig. 2.  In vitro starch digestibility of 5.7, 35.8 and 92.1 g tilapia with different sources            of starch. 

In vitro lipid digestibility

The in vitro lipid digestibility by crude enzyme extract from intestine of 5.7, 35.8 and 92.1 g tilapia on two kinds of oil (fish oil and palm oil) were shown in Table 5 and Figure 3. 

Table 5.  In vitro lipid digestibility (%) by crude enzyme extract from intestine of  5.7, 35.8  and 92.1 g  Nile tilapia  

	Feed stuff

Lipid source
	Triglyceride of oil (mmol/mL)
	Triglyceride remainder of oil (mmol/mL)
	In vitro digestibility

(%)

	5.7 g fish
	
	
	

	Fish oil
	10.89 ± 0.11
	3.09 ± 0.08
	51.37 ( 1.45b

	Palm oil
	6.85 ± 0.13
	5.29 ± 0.19
	54.79 ( 0.54a

	P - value
	
	0.0001
	0.0489

	35.8 g fish
	
	
	

	Fish oil
	10.89 ± 0.11
	3.19 ± 0.48
	61.16 ( 2.06 a

	Palm oil
	6.85 ± 0.13
	4.227 ± 0.23
	57.42 ( 1.43 b

	P - value
	
	0.0043
	0.0465

	92.1 g fish
	
	
	

	Fish oil
	10.89 ± 0.11
	4.37 ± 0.72
	50.18 ( 1.10 a

	Palm oil
	6.85 ± 0.13
	5.27 ± 0.40
	34.60 ( 5.39 b

	P - value
	
	0.0647
	0.0176


Values are means of triplicate analyses. Mean value within the columns with different letters are significantly different at P<0.01 

The digestibility of two kinds of oil were significantly different (P<0.05) in three sizes of tilapia. The digestion of palm oil of 5.7 g fish was higher than fish oil. On the contrary, the digestion of palm oil of 35.8 and 92.1 g fish were lower than fish oil. This study agreed with the study of  digestibility in large Atlantic salmon (1.8 kg) which found that fat digestibility was highest in fish fed the low saturated – low fatty acid n – 3 diet and lowest in fish fed the high saturated – high n – 3 diet (Menoyo et al.,  2003). For the palm oil, palm oil is rich in palmatic and oleic acid. It has around 50% saturated and 50% mono – and poly – unsaturated fatty acids. The digestibility of palm oil is affected by the high level of saturated fatty acid. (Hertrampf and Pascaul, 2006)




Fig. 3.  In vitro lipid digestibility of 5.7, 35.8 and 92.1 g tilapia on different sources of lipid. 

CONCLUSIONS

This study demonstrated the variations of digestive enzyme activities (protease, amylase and lipase) in different sizes of tilapia. Small and medium sized tilapia showed high activity of protease and lipase while large sized fish showed high activity of amylase.  Protein digestibility of large sized tilapia was highest in fish meal and sunflower meal while there were not differences of digestibility among protein source in small sized fish. Starch utilization of medium sized tilapia was high in tapioca flour but not different in small and large sized fish. Lipid utilization of the medium and large sized tilapia have the highest digestion in fish oil while small sized fish showed the high utilization in palm oil. The ability of fish to utilize feed stuff from various sources changes with the size and enzyme activity of fish, the sources and types of feed stuff. The results from this study could be used as a basis for suitable feed formulation and replacement of some feed stuffs that would be effectively utilized by different sizes of Nile tilapia and lead to the reduction of the cost.

REFERENCEs
1. Bernfeld, P.  1951.  Enzymes of starch degradation and synthesis, pp. 379-424. In . F.F.  Nord, (ed.).  Advances in Enzymology.  Interscience Publications Inc. New York. 

2. Bezerra, R. S., E. J. F. Lins, R. B. Alencar, P. M. G. Paiva, M. E .C. Chaves, C. B. B. Luana and L. B. Carvalho, Jr. 2005.  Alkaline proteinase from intestine of Nile tilapia (Oreochromis niloticus).  Proc.  Biochem.  40: 1829 – 1834.

3. De Silva, S. S. and T. A. Anderson.  1995.  Fish Nutrition in Aquaculture.  Chapman & Hall.  UK.   

4. El – Sayed, A.-F. M. 2006.  Tilapia Culture.  CABI publishing.  UK.

5. Gimenez, A. V. F., I.  Fernandez,  R. M. Preciado, M. Oliva, D. Tova and H. Nolasco.  1999.  The activity of digestive enzyme during the molting stage of the arched swimming Callinectes Arcautus orday, 1863. (Crustacea : decapoda: portunidae).  Bull. Mar. Sci.  65 (1): 1 – 9. 

6. Guillaumej, S., K. P. Bergot and R. Metailler.  2001.  Nutrition and Feeding of Fish and Crustaceans.  Praxis Publishing.  UK.

7. Hagenimana, A., X. Ding and T. Fang.  2006.  Evaluation of rice flour modified by extrusion cooking.  Journal of Cereal Science.  43: 38 – 46 pp.

8. Halver J. E. and R. W. Hardy.  2002.  Fish Nutrition.  Academic Press.  United States of America. 

9. Hertrampf, J. W. and F. P. Pascual.  2000.  Handbook on Ingredients for Aquaculture Feeds.  Kluwer Academic Publishing.  The Netherlands.

10. Hu P., H. Zhao, Z. Duan, Z. Linlin and D. Wu.  2004.  Starch digestibility and the estimated glycemic source of different types of rice differing in amylase contents.  Journal of Cereal Science.  40: 231 – 237.

11. Lowry, O. H., N. J. Rosebrough, A. L. Farr and R. J. Randall.  1951.  Protein measurement with the Folin phenol reagent.  J. Biol.  Chem.  193: 265-75. 

12. Markweg, H., M. S. Lang and F. Wagner.  1995.  Dodecanoic acid inhibition of lipase from Acinetobacter sp. OPA 55.  Enz. Microb. Tech.  17: 512 – 516.

13. Menoyo, D., C. J. Lopez – Bote, J. M. Bautista and A. Obach.  2003.  Growth, digestibility and fatty acid utilization in large Atlantic salmon (Salmo salar) fed varying levels of n – 3 and saturated fatty acids.  Aquaculture 225: 295 – 307.

14. Merican, Z.  2007.  Feed Technology.  AQUA Culture Asia Pacific.  3(6): 24 – 27.  

15. Moyle, P. B. and J. J. Cech, Jr.  2000.  Fish: An Introduction to Ichthyology.  Prentice Hall Inc.  United States of America.  

16. Mun, s., E. A. Decker and D. J. McClements.  2007.  Influence of emulsifier type on in vitro digestibility of lipid droplets by pancreatic lipase.  Food Res. Int.  40(6): 770 -781. 

17. Onyango, C., H. Noetzold, A. Ziems, T. Hofmann, T. Bley and T. Henle.  2005.  Digestibility and antinutrient properties of acidified and extruded maize – finger millet blend in the production of uji.  LWT.  38: 697 – 707.

18. Rathore, R. M., S. Kumar and R. Chakrabarti.  2005.  Digestive enzyme profile of Cyprinus carpio during ontogenic development.  J. World Aqua. Soc.  36(2) : 37 – 41. 

19. Rungruangsak, T. K., A. Rustad, J. Sunde, S. A. Eiane, H. B. Jensen, J. Opstvedt, E. Nygard. T. A. Samuelsen, H. Mundheim, U. Luzzana and G. Venturini.  2002.  In vitro digestibility based on fish crude enzyme extract for prediction of feed quality in growth trials.  J. Sci. Food Agric.  82: 644 – 654.

20. Shiau, S. Y.  1997.  Utilization of carbohydrates in warmwater fish—with particular reference to tilapia, Oreochromis niloticus X O. aureus.  Aquaculture 151(1-4): 79 – 96. 

21. Sagum, R. and J. Arcot.  2000.  Effect of domestic processing methods on the starch, non – starch polysaccharides and in vitro starch and protein digestibility of three varieties of rice with varying levels of amylose.  Food Chemistry.  70: 107 – 111.   

22. Webster, C. D. and C. E. Lim.  2002.  Nutrient Requirements and Feeding of Finfish for Aquaculture.  CABI Publishing.  UK. 

Starch source





In  vitro   starch digestibility (%)





Lipid source





In  vitro lipid  digestibility (%)





In  vitro  protein  digestibility (%)





Protein source













































