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Abstract

Brycon cephalus juveniles were fed on different vitamin C concentration diets. Blood samples were removed for hematological determinations. Hematocrit, hemoglobin concentrations and erythrocytes showed significant increase in the 800 and 1200 mg vitamin C concentration treatments relative to the others. Leukocyte values were significantly higher on fish fed on vitamin C supplemented diet relative to those in the control, and of these, 800 and 1200 mg of vitamin C concentrations were the ones presenting the highest numbers of cells. Matrinxã physiological profile and growth performance suggest that supplementing its diet with 800 and 1200 mg of vitamin C can improve the performance and increase the survival rate of this species. 

Introduction

The development of fish culture in the Amazon region is a promising alternative due to the to size of the potential of the local, national, and international market together with tendency of ever increasing demand, stimulated by the availability decrease of the most appreciated species (Graef, 1995). Several species from this region have shown an excellent potential for fish culture and food production. However, the deficiency on technology and scientific knowledge has been a great hindrance for its success.
Matrinxã, Brycon cephalus, stands out among the Amazonian native fish species that have aroused higher interest for the fish culture in the region, as one of the principal species of great economical value from the Amazonian ichthyofauna (Graef 1995). This species has shown some characteristics, which turn it into great, potential for the intensive fish culture in captivity (Graef, 1995, Honczaryk, 2000). Experimental cultures have presented positive aspects for the investment on matrinxã such as: fast growth and low mortality rates on breeding ponds (Honczaryk 2000, Arbeláez-Rojas, et al. 2002, Fim 2002). 

Recent investigations have yielded excellent findings showing that matrinxã under intensive culture in stream channel and cage systems (Fim et al., 2001; Arbeláez-Rojas et al., 2002; Roubach & Ono, pers. com.), present better growth performance and biological profile than those kept in ponds. The monitoring of the stress on fish culture production has yielded important findings that may serve as the basis for a better control of fish culture and management (Wedemeyer, 1996). An example of this is the preliminary findings obtained by Affonso et al. (2003) and Matos, et al. (2003) who describe the importance of such practice as a basis for a better fish culture and management in the region. 

In a fish culture system, the expressive susceptibility of fish to stress and the fast spreading of diseases in the water have been a great concern for the producers (Pavanelli et al. 1998). In order to breed healthy fish it is necessary for them to be able to develop defense mechanisms against different pathogens. In the last few years, several papers on physiological stress have demonstrated the importance of the vitamin supplementation in the diet of fish under culture system, which have presented better performance and consequently, decrease on mortality (Wahli et al. 1998, Montero et al, 2001, Shiau & Hsu, 2002). 

Our study investigated the physiological status of matrinxã, Brycon cephalus, fed on commercial feed supplemented with different vitamin C concentrations, for two months in laboratory conditions. 

Material and Methods

The matrinxã specimens were acquired through induced reproduction carried out in the Fish Culture Station at the Aquaculture Research Coordination (CPAQ/INPA). At reaching the mean weight of 70 g, the fish were used for carrying out the experiments in laboratory conditions. After the initial biometry the fish distributed in 15 groups of 10 fish per 500 L-polyethylene tank.

A biometry of the fish, which were previously anesthetized in a 2-phenoxyethanol bath for 0.01% for approximately 3 minutes and then weighed, was performed before the beginning of the experiments. These comprised five treatments with three replicates each: TR1 (control) – commercial feed with 45% of crude protein (PB); TR2 – commercial feed with 45% PB + 250 mg of vitamin C; TR3 – commercial feed with 45% PB + 500 mg of vitamin C; TR4 – commercial feed with 45% PB + 800 mg of vitamin C and TR5 – commercial feed with 45% PB + 1200 mg of vitamin C.

Supplementation of different vitamin C concentrations (250, 500, 800 and 1200 mg) was performed on the minced commercial feed, which was pelleted again and stored in a freezer, after the mixture. Fish were fed twice a day, in the morning and in the afternoon and fasted for at least 24 h prior to the experiments.

After the biometry, blood samples were drawn from the caudal vein though heparinized syringes and assigned to the analysis of the blood parameters. Hematocrit (Ht) was determined by microhematocrit centrifugation technique. The red blood cell (RBC) and total count of the leucocytes (LEU) were determined optically with a Neubauer chamber using a Natt Herrick solution. The hemoglobin concentration ([Hb]) was determined with Drabkin’s reagent as absorbency at 540 nm. Mean cell volume (MCV), cell hemoglobin (MCH) and cell hemoglobin concentration (MCHC) were computed from the Ht, [Hb] and RBC. 

Monitoring the water quality of the experimental tanks was done by determining the dissolved oxygen and temperature, once a day, by means of a YSI-55 model 55/12 digital oxygenometer; pH measured with a WTW model D-812 digital pH-meter, and of the electrical conductivity by using a WTW model LF-92 digital apparatus. Water samples were collected twice a day for the analysis of the total ammonia concentrations ( NH3 + NH4+) and nitrite (NO2), determined by the calorimetric method according to Boyd & Tucker, 1992.

All data are presented as mean ± standard deviation (SD). The mean values of the different treatments were compared amongst each other and with the control by using the ANOVA variance analysis. The differences were considered to be significant in p<0.05 using the KW test.

Results and Discussion

Monitoring the water quality is of fundamental importance when dealing with fish culturing, since the environmental alterations may weaken the fish and consequently become lethal (e.g. pH, ammonia nitrite, O2, etc.) (Ono & Kubitza, 2003). The findings obtained from the tank water physical and chemical parameters during the sampling period are represented on Table 1. None of the analyzed parameters (pH, temperature, electric conductivity, O2, total ammonia and nitrite) presented statistically significant difference between the different treatments. 

Table 1. Dissolved oxygen concentration (O2), temperature, pH, electric conductivity, ammonia (NH3+NH4), and nitrite (NO2-) of the tanks with matrinxãs undergoing different treatments. TR1 = control, TR2 = 250 mg vitamin C; TR3 = 500 mg vitamin C; TR4 = 800 mg vitamin C and TR5 = 1200 mg vitamin C. Means ( SD.

	Treatments


	O2
(mg/L)
	Temp.

oC
	pH
	Electric

Conductivity

(µS/cm)                                                                             
	NH3 + NH4+)

mg/L 
	NO2-
mg/L



	Initial

TR1
	5.7±1.5
	28.6±0.3
	4.3±0.1
	13.4±0.4
	-
	-

	TR2
	5.9±1.5
	28.5±0.2
	4.3±0.1
	13.3±0.4
	-
	-

	TR3
	5.5±1.6
	28.3±0.2
	4.5±0.2
	13.7±0.8
	-
	-

	TR4
	5.5±1.4
	28.4±0.3
	4.3±0.1
	13.6±0.7
	-
	-

	TR5
	6.0±1.6
	28.4±0.3
	4.3±0.1
	13.2±0.4
	-
	-

	2 months
	
	
	
	
	
	

	TR1
	4.8±0.5
	28.6±0.2
	4.8±0.2
	16.1±0.8
	0.28±0.1
	0.1±0.1

	TR2
	5.4±0.8
	28.5±0.3
	4.8±0.2
	16.0±0.9
	0.30±0.1
	0.2±0.1

	TR3
	5.3±0.6
	28.7±0.4
	4.8±0.2
	16.0±0.6
	0.27±0.1
	0.2±0.1

	TR4
	5.1±0.6
	28.5±0.3
	4.6±0.2
	15.6±0.7
	0.17±0.0
	0.1±0.1

	TR5
	5.2±0.9
	28.4±0.2
	4.8±0.2
	16.0±0.9
	0.17±0.0
	0.2±0.1


The statistical analysis showed no significant differences (p<0.05) on fish length in the beginning and after two months of the experiment, and between the different treatments (Figure 1). Significant differences (p<0.05) on the weight were found only on TR5 fish relative to the other treatments. The low weight gain of the animals in the different treatments throughout the test period probably occurred due to the confinement of the fishes in tanks, plus their high-density storage (10 fish/m3). In spite of that, matrinxãs fed on commercial diet alone (control) were the ones presenting higher mortality rate (± 30 %) relative to the fish fed on different vitamin C concentration diets. Only TR4 (800 mg vit. C) presented 100 % survival rate by the end of the experiment.
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Figure 1. Length (cm) and weight (g) of Brycon cephalus in the initial experiments and after going through two months of different treatments:  TR1 = Control; TR2 = 250 mg vit. C, TR3 = 500 mg vit. C, TR4 = 800 mg vit. C and TR5 = 1200 mg vit. C. Mean ± SD, n = 30.

The high stocking rate is a condition presenting high stress level brought about by confinement. Stress response is characterized by the activation of two endocrine system components: catecholamine and corticosteroid. The main corticosteroid is cortisol, the concentrations of which in the plasma make it an important stress quantitative indicator in fish. Secondary effects of hormones, such as: hyperglycemia, increase on total proteins, hematological change, plasma ions and so on, may suggest an important practice that helps to assess fish health conditions (Ruane et al. 1999). 

The present study analyzes some of those indicative parameters of secondary changes. Corresponding values to the hematological parameters: Ht, [Hb] and RBC and VCM, HCM and CHCM, of the fish in different treatments are represented in Figure 2. Significant differences (P<0.05) were found between TR1 (control) Ht values and those of TR2, TR4, and TR5 (250, 800, and 1200 mg vit. C). Significant increase (P<0.05) was found on hemoglobin concentration and red blood cell count of TR4 (800 mg) and TR5 (1200 mg) to the remaining treatments. MCV and MCHC values were similar in the different treatments; MCH showed a significant decrease (P<0.05) from TR1 to TR5. The increase of the hematological parameters heightens the fish oxygen carrying capacity (Heath, 1995). According to the findings obtained, supplementing 800 and 1200 mg of vitamin C to the diet seems to improve the oxygen requirement in the tissues and, eventually, permit a better physiological response from the matrinxãs. 

In addition to erythrocytes, leukocytes are good physiological stress indicators in fish, even though there are very few studies regarding these parameters, particularly on tropical fish (Heath, 1995, Svobodová et al. 2001). Leukocyte values were significantly higher on fish fed on vitamin C supplemented diet relative to those in the control, and of these, those in TR4 and TR5 were the ones presenting higher number of cells (Figure 2). Leukocytes can induce a protection against diseases, improving the health mechanisms of the organism against stress situations. The addition of vitamin C to fish diet has shown a higher efficiency on the production of antibodies to fight bacteria, phagocytes activity, lysozyme, in addition to a positive role on stress decrease (Montero et al. 2001). Hence, the leukocyte increase on the different vitamin C supplemented diet treatments may be clue on the higher immunological resistance of the fishes.
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Figure 2. Hematocrit (Ht), red blood cell count (RBC), hemoglobin concentration ([Hb]), mean cell volume (MCV), cell hemoglobin (MCH), and cell hemoglobin concentration (MCHC) of Brycon cephalus in the different treatments. TR1 = Control; TR2 = 250 mg vit. C; TR3 = 500 mg vit. C; TR4 = 800 mg vit. C e TR5 = 1200 mg vit. C. Points are mean ( SD; n = 30. Different letters indicate significant differences between the different treatments (P<0.05).

Hence in accord with the findings obtained one may suggest that vitamin C supplemented diets, especially those with 800 and 1200 mg, may improve the performance of matrinxãs and, consequently, its survival rate. 

[image: image3.wmf] 

0

5

10

15

20

25

30

TR1

TR2

TR3

TR4

TR5

0

40

80

120

160

200

TR1

TR2

TR3

TR4

TR5

Wieght

(g)

Length (cm)

Treatments

*

Initial

2 months

0

5

10

15

20

25

30

TR1

TR2

TR3

TR4

TR5

0

40

80

120

160

200

TR1

TR2

TR3

TR4

TR5

0

40

80

120

160

200

TR1

TR2

TR3

TR4

TR5

Wieght

(g)

Length (cm)

Treatments

*

Initial

2 months

Initial

2 months


Figure 3. Total leukocyte count (LEU) of Brycon cephalus submitted to different treatments. TR1 = Control; TR2 = 250 mg vit. C; TR3 = 500 mg vit. C; TR4 = 800 mg vit. C e TR5 = 1200 mg vit. C. Points are mean ( SD; n = 30. Different letters indicate significant differences between treatments (P<0.05).
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