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Introduction
Tambaqui is one of the most important food fish of the Amazon and has demonstrated an excellent potential for rearing (Val and Honczaryk, 1995). Fish culture is a recent activity in the Amazon region and the lack of proper technology and scientific information impair its development. In aquaculture, nothing is more important than sound nutrition and adequate feeding. Food not digested generates several problems with consequent economic losses. To achieve an efficient alimentary regime, continuous adjustments in ration, schedules and frequency of the feeding are needed to compensate for changes of requirements, mainly in the juvenile phase. The alimentary chronology, in this sense, is useful to guide the schedules of the meals reducing the losses for not consumed food and lowering the feeding costs. Studies on the response of the digestive enzyme activities to find the physiological basis of the relationship between schedules and the effective use of the food could help establish more economic feeding systems. To provide information for protocols of feeding time that result in better weight gain and feeding conversion rate, we have analyzed daily variations of activities of amylase, maltase, lipase and general proteases in C. macropomum.

Materials and Methods

I) Collection of samples

Juveniles of C. macropomum (35.5(16.7 g and 9.8(3.2 cm) were obtained from fish culture stations. Fishes were transferred to the National Institute for Research in the Amazon (INPA) and were kept in 3000 l circular tanks with continuous aeration. They were fed to satiety with commercial pellets for two weeks prior to the experiments and exposed to natural photoperiod and temperature. After the acclimation period, the fishes were submitted to four experimental protocols: 1) starved; 2) fed at 7:00 AM; 3) fed at 5:00 PM; and 4) fed randomly. The pellet diet was offered once a day ad libitum for ten days, according to the experimental protocol. At the end of the experiments, one hour after the last feeding, six fishes were taken every two hours during 24 hours, killed by cervical ablation and their digestive tracts were immediately excised and kept frozen at –70 (C for posterior analyses of the digestive enzymes.

II) Preparation of enzyme extracts

The preparations of enzyme extracts were carried out at 4(C. The digestive tracts of each fish were homogenized in 0.02M-phosphate buffer (1:0.5 w/v) at pH 7.0. Homogenates were centrifuged for 15 minutes at 15,000 rpm. The supernatants were taken for enzymatic assay. The protein concentration was estimated according to biuret assay (Doles, Inc).

III) Enzyme assay

Amylase activity was measured according to Caraway (1959), using Doles amylase-test kit. Maltase activity was assayed by glucose-oxidase method (Dahlquist, 1961), lipase was assayed using In Vitro lipase test kit and non-specific protease activity was measured using azocasein as substrate, according García-Carreño (1992). Specific activities, estimated in triplicates for each sample, are expressed in µmol of hydrolyzed substrate per minute and expressed per gram of protein (U/g protein).

IV) Estatistical analysis

The statistical significance of the difference between data set was determined by one-way ANOVA with p ( 0.05, followed by a post hoc Tukey test. Values are reported as arithmetic means ( SEM.

Results and Discussion
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Changes in specific activities of all analyzed digestive enzymes in unfed fish were significant showing cyclic and ordered patterns with peaks of maximum activity followed by valleys with minimum activity. Except for maltase, the maximum activities peaked at dawn (4:00-6:00 AM) in unfed animals. The maximum and minimum amylase activities were found at 6:00 AM and 10:00 AM respectively (402.5(34.9 and 80.1(4.3 U/g protein). A different pattern was observed for maltase, that showed maximum and minimum activities between 10:00-12:00 PM (12.9(1.2 and 4.7(0.6 U/g protein). Lipase and general protease activities showed a similar pattern. The maximum activities occurred at 6:00 AM (31.9(2.9 and 308.6(36.9 U/g protein) and the minimum ones at 12:00 PM (14.3(1.5 and 78.8(9.7 U/g protein) (Fig 1).


Different enzyme activity patterns were found in fed fish when compared to the unfed group. They suggest that digestive enzymes are induced by food intake, which may be due to different alignments or re-alignments of endogenous rhythms. Fishes fed early in the morning (7:00 AM) reach earlier time the maximum activities for all enzymes studied (Table 1). That should be indicating that the fishes has a relatively rapid digestive enzyme production in the morning. 

Table 1. Moment of the maximum enzyme activity in C. macropomum juveniles, fed at different times of day. All values are shown in hours past feeding. 

	Feeding time
	7:00 AM
	5:00 PM
	Random

	Amylase
	17
	19
	21

	Maltase
	7
	17
	11

	Lipase
	17
	19
	21

	Non-specific Protease
	21
	23
	21


The opportunistic feeding habits of tambaqui and its ability to use a wide range of nutrients efficiently are due to its digestive enzymes. Adjusting feeding times for early in the morning should be a good choice because the enzymatic machine is ready to act. Further investigations are needed, however, to check if feeding at these times really results in better performance.  
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Figure 1. Daily variation of the digestive enzymes: amylase (A), maltase (B), lipase (C) and non-specific protease (D) in starved juveniles of C. macropomum (n=12). Vertical bars indicate dark periods. Different letters stand for statistical differences (P< 0.05)
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