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ABSTRACT
Intensive fish production systems are characterized by 100% artificial feeding, so any dietary imbalances 
or deficiencies may lead to diseases outbreaks and economic losses. This study was set out to determine 
the effects of increasing levels of dietary vitamin E on growth and hematology of juvenile pacu. Fishes 
were fed for 90 days, twice a day until apparent satiation with semi-purified diets containing 0.0; 25; 50; 
150; 300 or 600 mg.kg-1 diet DL-α-tocopheryl acetate in a completely randomized design trial (n=4); 
biometrical and hematological data were collected and analyzed. Fishes fed with vit E diet (150 mg.kg-1) 
showed higher (p<0.05) weight gain and specific growth. Hematocrit, erythroblast number and total plasma 
protein were increased (p<0.05) in fishes fed diet with no vit E diet. Vitamin E supplementation in artificial 
diets for pacu is essential for growth and maintenance of normal erythropoiesis.
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INTRODUCTION

Global fish consumption has doubled since the 
1970s and it is still growing (Naylor and Burke 
2005). Following this trend, Latin America has 
shown increased aquaculture production and 
per capita consumption (FAO 2009), as well 
as intensification of fish production systems, 
characterized by high biomass and use of balanced, 
pelletized or extruded diets to meet fish nutritional 
requirements. Therefore, imbalanced artificial diets 
would lead to significant economical losses due to 
nutritional deficiencies or diseases outbreaks.

Provided by exogenous source (i.e., diet), 
vitamins are essential for the metabolism in fishes 
playing an important role on biochemical reactions 
related to growth and health (Halver 2002, NRC 
2011, Tocher et al. 2003). Within the fat-soluble 
vitamins (A, D, E, and K), vitamin E is one of the 
most studied in fish dietetics.

Vitamin E has antioxidant properties, protec-
ting cellular macromolecules (DNA, proteins and fat 
acids) against free radical oxidative processes during 
normal cellular metabolism or humoral and cellular 
defense mechanisms. In addition, this nutrient can 
present immunostimulatory function such as eliciting 
increased leukocyte production and phagocytic 
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activity (Chen et al. 2004, Pulsford et al. 1995, Wise et 
al. 1993). Effects of vitamin E have been determined 
for several, economically important fish species such 
as gilthead seabream Sparus aurata (Montero et al. 
1999), grouper Epinephelus malabaricus (Lin and 
Shiau 2005), rainbow trout Oncorhynchus mykiss 
(Kiron et al. 2004, Pearce et al. 2003, Trenzato et 
al. 2007), Atlantic salmon Salmo salar (Hamre et al. 
1997, 2004), red drum Sciaenops ocellatus (Peng 
and Gatlin 2009) and channel catfish Ictalurus 
punctatus (Wise et al. 1993). Analysis of blood 
components may provide important information 
regarding 64 general condition and possible effects 
of vitamin E on fish.

Pacu (Piaractus mesopotamicus) is a neotropical 
freshwater Characin native of Parana, Paraguay 
and Uruguay basins. Because of its herbivorous/
omnivorous habits, high growth rates, good meat 
quality, consumer acceptance and suitability for 
sports fishery, the specie is widely used in aquaculture 
(Jomori et al. 2005, Urbinati and Gonçalves 2005). 
Few studies regarding the effect of dietary vitamin E 
for pacu are available (Belo et al. 2005a, b, Garcia 
et al. 2007). This study was set out to evaluate the 
effects of increasing levels of dietary vitamin E on 
growth and hematology of pacu juveniles.

MATERIALS AND METHODS

EXPERIMENTAL DESIGN AND ANIMALS

Trials were set up in a closed water recirculation 
system, with supplemental aeration and emergency 
oxygenation systems. Water quality parameters such 
as pH (7.60 ± 0.20), dissolved oxygen (5.8 ± 0.30 
mg.L-1), ammonia (≤ 0.5 mg.L-1) and temperature 
(30.3 ± 1.8 °C) remained within acceptable values 
for the specie (Urbinati and Gonçalves 2005). A 
12h light/12h dark photoperiod was maintained. 
Juvenile pacu (7.83 ± 0.04 g) obtained from 
commercial hatchery were acclimatized to the 
experimental conditions for seven days feeding on 
a 40% crude protein (CP) commercial diet.

EXPERIMENTAL DIETS

The basal, experimental semi-purified diets were 
made according 88 to the species’ requirements 
(Table I). The vitamin and mineral mix did not 
contain vitamin E; dietary vitamin levels were 
set according to vitamin E activity of the dietary 
source (ROVIMX E 50 Adsorbate Roche®; 50% 
vitamin E activity). Ingredients were weighed, 
homogenized and mixed, moistened with distilled 
water (25-30%) and pelleted (2.0 mm) in a 
mincer. Prepared rations were dried in a forced 
ventilation oven at 45 °C for 24h; the dried pellets 
were packed in black plastic bags and stored at 
-4 °C until use. Diets were analyzed for vitamin 
E contents at a commercial laboratory (CBO 
Assessoria & Analises; Campinas, Sao Paulo, 
Brazil). The concentrations of vitamin E of the 
experimental diets are presented in Table II.

TABLE I
Composition of basal semi-purified diet for P. mesopotamicus.

Ingredient %

Starch 34.24

Albumin 30.86

Cellulose 13.0

Gelatin 7.0

Dextrin 5.0

Bicalcium phosphate 4.0

Soy oil 3.87

Vitamin and mineral mix1 (vit E free) 2.0

BHT (antioxidant) 0.02

Calculated composition %

Crude protein 30.1

Dry matter 92.66

Ether extract 3.2

Ash 5.66

1Vitamin and mineral supplement composition (Supre Mais®): 
vitamins A (1.200.000 IU); B1 (4.800 mg); B12 (4.800 mg); B2 (4.800 
mg); B6 (4.800 mg); C (48 g); D3 (200.000 IU); K3 (2.400 mg); Folic 
acid (1.200 mg); Biotin (48 mg); Calcium pantothenate (12.000 mg); 
Choline chloride (108 g); Niacin (24.000 mg); Selenium (100 mg); 
Iodine (100 mg); Cobalt (10 mg); Copper (3.000 mg); Iron (3.000 mg); 
Manganese (20.000 mg); Zinc (30.000 mg); Vehicle (1.000 g).
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ROUTINE PROCEDURES

After acclimation period, fishes randomly assigned 
to 60 L cages (20 fish per cage) were fed a vitamin 
E-free diet for 15 days to zero vitamin E reserves 
and as well as diets containing 0.0; 25; 50; 150; 
300 and 600 mg.kg-1 vit E until apparent satiation, 
twice a day (07:00 and 16:00 h) for 90 days, in 
a completely randomized experimental design 
(n=4). At the end of experimental period, fish 
were fasted for 24h, anesthetized with alcoholic 
solution of benzocaine at 50 mg.L-1, weighted, 
measured, and had blood samples drawn for 
analysis. Growth parameters were evaluated 
according to Tacon 107 (1990) as follows:

• Weight gain (WG)
•WG = FW - IW

• Feed conversion ratio (FCR)

FCR = feed consumption
weight gain

• Daily feed consumption (FC)

FCR = feed consumption
t

• Specific growth rate (SGR)

SGR = 100× (lnFW lnIW)
t

where: FW = final weight (g); IW= initial weight 
(g); t = experimental time (days).

Blood samples were drawn from the caudal 
vein using sterilized syringes and 10% EDTA-coated 
needles. Red blood cells (RBC) count was performed 
in Neubauer chamber using the Natt and Herrick 
(1952) diluent; hematocrit evaluation followed 
the microhematocrit method of Goldenfarb et al. 
(1971); hemoglobin concentration was performed 
following the cyanometahemoglobin method 
(Blaxhall and Daisley 1973). Hematimetric indexes 
calculated were mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH), and mean 
corpuscular hemoglobin concentration (MCHC) 
(Wintrobe 1934). Total plasma protein concentrations 
were determined using a portable refractometer (WZ-
301/Protein 0.0-12 g.dL-1) after blood centrifugation 
and plasma collection (Sado et al. 2008). Plasma 
glucose was determined by the enzymatic method 
using a standard kit (GLICOSE GOD-PAP Liquid 
Stable Mono Reagente, LABORLAB®; Guarulhos, 
Sao Paulo, Brazil).

Blood smears from individual fish were stained 
with May-Grünwald-Giemsa (Rosenfeld 1947) 
and examined under light microscopy using an 
oil immersion objective for differential leukocyte 
count, and white blood cell (WBC), thrombocyte and 
erythroblast counts. White blood cell (WBC), throm-
bocyte and erythroblast count were performed by 
indirect method (Garcia et al. 2007, Sado et al. 2010) 
as follow: WBC (μL-1) = (leukocytes number in blood 
smear x erythrocyte number. μL-1) ÷ 2,000 erythrocytes 
counted in the blood smear; Thrombocytes (μL-1) = 
(thrombocytes number in blood smear x erythrocyte 
number.μL-1) ÷ 2,000 erythrocytes counted in the 
blood smear; Erythroblast (μL-1) = (erythroblast 
number in blood smear x erythrocyte number.μL-1) 
÷ 2,000 erythrocytes counted in the blood smear.

Data were submitted to ANOVA. Significant 
differences between treatment means were 
further compared by Tukey test (α=0.05) (Steel 
and Torrie 1980).

Treatments
vit E* expected level 

(mg.kg-1)
vit E* detected level 

(mg.kg-1)

I 0.0 Not detected**

II 25 32.79

III 50 50.33

IV 150 136.40

V 300 246.17

VI 600 457.46

* Vitamin E source: DL-α-tocopheryl acetate (50% activity) – 
ROVIMIX E 50 adsorbate - Roche®

** Under quantification limit: 2.0 mg.kg-1

TABLE II
Expected and detected vitamin E levels in experimental diets.
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RESULTS AND DISCUSSION

Fishes performance and survival data are summa-
rized in Table III. The acceptability of experimental 
diets was adequate in all treatments. Weight gain 
and specific growth rate were affected by dietary 
vitamin E levels (p<0.05). Fishes fed diet with 136.4 
mg.kg-1 of vitamin E diet showed better weight gain 
when compared to fishes fed with no vitamin E. 
Specific growth rate showed higher values in fishes 
fed on diet containing 136.4; 246.17 and 457.46 mg 
vit E per kg when compared to no vit E treatment.

Dietary vitamin E levels influenced (p<0.05) 
hematological parameters and blood biochemistry 
(Table IV). Hematocrit values were higher in fishes 
fed with no vitamin E (32.6%) and 50.33 mg.kg-1 
vitamin E diet (32.3%) when compared to values 
recorded for fishes fed with 457.46 mg.kg-1 vitamin 
E diet (30.1%). Total plasma protein concentrations 
were higher (5.5 g.dL-1; p<0.05) for fishes fed with 
no vitamin E diets than fishes fed with diets of 
32.79; 136.4; 246.17 and 457.46 mg vit E per kg.

Significantly higher number of erythroblasts 
was registered for fish fed with diet devoid of 

Vit. E* 
(mg.kg-1 diet)

Growth parameters

WG (g) FC (g) FCR SGR (%) Survival (%)

0.0 64.17±6.0a 75.02±7.0 1.17±0.08 3.25±0.12a 93.3±6.6

32.79 73.96±6.7ab 83.55±4.6 1.13±0.07 3.44±0.11ab 90.0±3.8

50.33 73.63±8.0ab 82.84±7.5 1.08±0.05 3.49±0.13ab 91.6±6.3

136.4 86.50±12.5b 95.34±14.1 1.10±0.10 3.65±0.18b 84.4±16.7

246.17 85.36±12.2ab 91.47±11.9 1.07±0.08 3.63±0.19b 91.1±3.8

457.46 84.77±0.9ab 91.84±2.2 1.08±0.03 3.63±0.00b 88.8±13.8

Variables
Vitamin E* (mg.kg-1 diet)

0.0 32.79 50.33 136.4 246.17 457.46

RBC 106.μL-1 1.46±0.2 1.43±0.3 1.36±0.2 1.35±0.2 1.31±0.2 1.31±0.2

Htc % 32.6±1.1a 31.5±1.7ab 32.3±1.9a 31.5±1.8ab 314±17ab 30.1±1.2b

Hb g.dL-1 10.4±0.7 10.2±0.6 10.3±0.7 10.2±0.9 9.7±0.7 10.0±0.8

MCV ƒL 229.5±42.5 226.3±41.0 239.6±27.0 239.5±32.3 245.5±43.7 237.7±41.5

MHC pg.cell-1 72.7±12.0 73.8±14.5 76.3±9.8 76.9±8.9 77.8±14.4 78.5±11.8

MCHC g.dL-1 31.8±1.5 32.6±2.3 31.8±1.9 32.2±1.6 31.8±3.1 33.2±2.0

Prtn g.dL-1 5.5±0.4a 5.0±0.3bc 5.3±0.3ab 5.0±0.4bc 4.9±0.4bc 4.6±0.4c

Gluc mg.dL-1 71.9±11.5 76.8±8.8 79.6±14.6 67.8±10.1 84.0±22.8 84.9±21.1

TABLE III
Means and standard deviation (SD) of individual weight gain (WG), feed consumption (FC), feed conversion rate (FCR), specific growth 

rate (SGR) and survival rate (SR) of juvenile pacu P. mesopotamicus fed increasing levels of dietary vitamin E.

TABLE IV
Hematological parameters (μ ± SD) of juvenile pacu P. mesopotamicus supplemented with increasing levels of dietary vitamin E.

Different letters superscript at same columns denote differences by Tukey test (α=0.05).
* Vitamin E source: DL-α-tocopheryl acetate (50% activity) – ROVIMIX E 50
adsorbate - Roche®

Different letters superscript at same lines denote differences by Tukey test (α=0.05).
* Vitamin E source: DL-α-tocopheryl acetate (50% activity) – ROVIMIX E 50
adsorbate - Roche®, RBC: Red Blood Cell, Htc: hematocrit, Hb: hemoglobin concentration, MCV: mean corpuscular volume, MHC: mean 
hemoglobin concentration, MCHC: mean corpuscular hemoglobin concentration, Ptrn: total plasma protein concentration
Gluc: plasma glucose concentration
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vitamin E in comparison to fish fed with diets 
containing increasing levels of vitamin E (Fig. 1). 
No effect of dietary vitamin E supplementation 159 
was found on WBC and thrombocyte count, as well 
as on differential leukocyte count (Table V).

Diet and nutrition can influence growth and 
disease resistance of domestic and farm animals 
(Alcorn et al. 2003, Blazer 1991, Landolt 1989, Sitja-
Bobadilla and Pérez-Sanchez 1999). In this study, 
fishes fed with a vitamin E-free diet had poor growth 

Variables
Vitamin E* (mg.kg-1 diet)

0.0 32.79 50.33 136.4 246.17 457.46

Thro.μL-1 29,642±7,612 24696±6856 24,494±4,249 26,144±4935 22,165±5,474 24,747±6,646

WBC.μL-1 6,208±2,529 6,111±3,078 5,283±1,919 7,620±2,399 6,774±2,301 5,355±2,008

Lym.μL-1 4,373±1,876 4,156±2,429 3,502±1,603 5,597±1,722 5,091±2,146 3,786±1,652

Mon.μL-1 244±121 424±249 390±215 412±222 340±211 362±163

Neu.μL-1 924±309 922±416 1,013±412 922±405 1,011±518 952±378

Eos.μL-1 194±176 147±144 259±178 233±140 191±100 141±117

SGC.μL-1 71±68 80±76 59±76 82±54 57±56 113±82

TABLE V
Hematological parameters (μ ± SD) of juvenile pacu P. mesopotamicus supplemented with increasing levels of dietary vitamin E.

* Vitamin E source: DL-α-tocopheryl acetate (50% activity) – ROVIMIX E 50
adsorbate - Roche®, Thro: thrombocytes, WBC: White blood cell, Lym: lymphocytes, Mon: monocytes, Neu: neutrophils, Eos: eosinophils, 
SGC: special granulocytic cells

and weight gain in comparison to fishes fed with diets 
supplemented with vitamin E. The effect of dietary 
vitamin E on fish growth still steers controversy. 
Significant positive effects of increased dietary 
contents of vitamin E on fish growth have been 
described by several authors for different species, such 
as Atlantic salmon (Hamre et al. 1997), rainbow-trout 
(Pearce et al. 2003, Trenzato et al. 2007), Chinook 
salmon, Oncorhynchus tshawytscha (Thorarinsson 

et al. 1994), grouper (Lin and Shiau 2005) and rohu 
(Sau et al. 2004), and poor growth performance was 
also registered for fishes fed with vitamin E-deficient 
diets, that is, vitamin E plays an important role in fish 
dietetics. Like any other animal, fish cannot synthesize 
vitamin E (Peng and Gatlin 2009).

However, many authors reported no effects of 
vitamin E supplementation on growth in some fish 
species, such as the golden shiner, Notemigonus 
crysoleucas (Chen et al. 2004), channel catfish 
(Gaylord et al. 1998, Wise et al. 1993), gilthead 
seabream (Montero et al. 1999), Nile tilapia (Lim 
et al. 2010), rainbow-trout (Clerton et al. 2001, 
Kiron et al. 2004), Atlantic salmon (Hardie et 
al. 1990, Poston et al. 1976) and hybrid striped 
bass (Trushenski and Kohler 2008). Belo et al. 
(2005b) also did not report effects of vitamin E 
supplementation on growth performance of pacu, 
possibly as a consequence of fish size – initial 
average weight 7.8 g in the current study against 
96.4 g in Belo et al. (2005b) experiment. As a matter 
of fact, vitamin E is a fat-soluble nutrient that can 

Fig. 1 – Erythroblast number (μ ± SD) of juvenile pacu P. 
mesopotamicus fed increasing levels of dietary vitamin E. Different 
letters above columns indicate differences by Tukey test (α=0.05).
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be stored in liver tissue (Halver 2002). Therefore; 
larger fish may stand longer periods feeding on 
diets with low or zero vitamin E contents, relying 
and using vitamin E deposited in body lipids for 
growth and maintenance of body functions.

In exception of poor growth in fishes fed 
with the vitamin E-deficient diet, no clinical signs 
of vitamin deficiency were recorded. Vitamin 
E deficiency signs in fishes are characterized 
by darkened skin (Chen et al. 2004) or lack of 
pigmentation (Hamre et al. 1997), dystrophy and 
necrosis of epaxial muscles (Chen et al. 2004), and 
hematological disorders (Chen et al. 2004, Hamre et 
al. 1997, Pearce et al. 2003, Poston et al. 1976, Wise et 
al. 1993). Although vitamin E concentrations on fish 
tissues were not determined, the authors presume that a 
15-day withdrawal period in addition to experimental 
time was not sufficient to decrease vitamin E reserves 
of pacu; since the same was reported by Hardie et 
al. (1990) for Atlantic salmon. Belo et al. (2005b) 
and Garcia et al. (2007) also did not report clinical 
signs of vitamin deficiency in pacus running 90-
day feeding trials, and Clerton et al. (2001) also did 
not report clinical signs on rainbow trout feeding on 
vitamin E-free diets for 80 days.

Similar to data herein reported no effects of 
dietary vitamin E on number and proportion of 
leukocytes was reported by Garcia et al. (2007) 
for pacu, Lim et al. (2010) for Nile tilapia, and 
Hardie et al. (1990) for Atlantic salmon. However, 
increasing and decreasing number of defense cells 
was reported for fishes fed with vitamin E-deficient 
diets by Chen et al. (2004) for golden shiner and Lin 
and Shiau (2005) for the grouper. Although Chen et 
al. (2004) reported increasing number of leukocytes 
and thrombocytes, when differential leukocyte 
count was considered, a decreasing number of 
lymphocyte was observed. Decreasing lymphocyte 
number could be a consequence of membrane 
fragility and cell lysis and/or lymphocyte migration 
to degenerated muscular tissue, ordinarily observed 
in fishes showing vitamin E deficiency signs.

No evaluation of the immunological status of 
fishes' immunological status was herein performed. 
However, significant effects of vitamin E on their 
immune systems of fish have been already soundly 
demonstrated (Chen et al. 2004, Hardie et al. 1990, 
Kiron et al. 2004, Lin and Shiau 2005, Lygren et al. 
2008, Montero et al. 1999, Pearce et al. 2003, Wise 
et al. 1993). Even thought there were no significant 
differences in phagocyte numbers, possibly as a 
result of the high variation, values of monocytes 
count increased in absolute values in fishes fed with 
diet of increasing vitamin E contents, regarded a 
sign of immunity stimulation, given that in in vivo 
fish inflammatory response studies, macrophages 
derived from blood circulating monocytes have 
been reported to differentiate into multinucleated 
giant cells (Sado and Matushima 2008). The 
macrophage recruitment and giant cell formation in 
pacu seems to be strongly related to dietary vitamin 
E supplementation (Belo et al. 2005b).

Vitamin E protects cell membranes against 
lipid peroxidation. Dietary vitamin E deficiency 
in fish increases deformities of membranes and 
fragility of erythrocytes, easing hemolysis (Halver 
2002), and reducing cell survival time, leading 
to hematological disturbs such as decreased 
hematocrit values and hemoglobin concentrations 
(Chen et al. 2004, Pearce et al. 2003, Poston et 
al. 1976, Thorarinsson et al. 1995). However, no 
differences on hemoglobin concentrations and 
RBC were observed between treatments, despite 
the higher values for RBC found in literature 
regarding pacu (Martins et al. 1995, Ranzani-Paiva 
et al. 1998/1999, Tavares-Dias et al. 1999, 2002, 
Tavares-Dias and Mataqueiro 2004). Elevated 
hematocrit values were herein reported for fishes 
fed with vitamin E-deficient diets; similar results 
were reported by Garcia et al. (2007).

Fishes fed with vitamin E deficient diet 
presented higher erythroblasts number. Immature 
cells are an ordinary feature of fish blood 
circulation and typically seen in blood smears 
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under light microscopy (Esteban et al. 2000). 
In some pathological conditions the number of 
immature cells can be elevated, as observed in this 
study and also reported by Poston et al. (1976) and 
Garcia et al. (2007). A compensatory effect can be 
seen as a decrease on erythrocytes life time and 
the consequent release of more immature cells to 
the blood stream. The red cell maturation process 
involves chromatin condensation, increase on 
hemoglobin concentrations and decrease on nuclear 
and cell size (Esteban et al. 1989). Erythroblasts, 
i.e. young erythrocytes, are larger than mature 
red cells. Therefore, an increase in numbers of 
those cells in fish blood circulation would explain 
the high hematocrit values found in the current 
experiment and by Garcia et al. (2007) in fishes fed 
with vitamin E-deficient diets.

Physiological status can be determined through 
hematological and biochemical parameters. 
Experimental procedures and rearing conditions 
can be deemed adequate since no differences on 
plasma glucose concentrations were found. A close 
relationship can be found between total plasma 
protein concentrations and both protein metabolism 
and nutritional status (Coles 1984). Elevated values 
found in fishes fed on diets with no vitamin E 
supplementation are similar to results from Poston 
et al. (1976), suggesting cellular protein release 
through erythrocyte hemolysis.

Conflicting results demonstrate that, in fish, 
ideal dietary vitamin E concentration for growth 
and health maintenance depend on several factors, 
such as vitamin type and source (Norouzitallab et 
al. 2009, Trushenski and Kohler 2008), production 
system (Gaylord et al. 1998), and nutrient 
interactions (Chaiyapechara et al. 2003, Chen et 
al. 2004, Garcia et al. 2007, Hamre et al. 1997, 
Jaramillo et al. 2009, Kiron et al. 2004, Lin and 
Shiau 2005, Montero et al. 1999, Thorarinsson 
254 et al. 1994). 255 Vitamin E is a key nutrient 
for growth and erythropoiesis of pacu. The 
compensatory effect demands more energy and 

protein to the formation of new blood cells which 
could impair fish growth. Studies about vitamin 
E supplementation effects in pacu are scarce, do 
not reflect its economic importance on neotropical 
aquaculture and shall be fostered.
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RESUMO

Sistemas intensivos de produção utilizam 100% de dietas 
artificiais sendo que, qualquer imbalanço ou deficiência 
de algum nutriente pode ocasionar surtos de doenças 
e perdas econômicas. O presente estudo determinou 
o efeito de níveis crescentes de vitamina E na dieta 
sobre o desempenho e hematologia de juvenis de pacu. 
Os peixes foram alimentados por 90 dias até aparente 
saciedade com dietas semi purificadas contendo 0,0; 25; 
50; 150; 300 ou 600 mg.kg-1 de DL-α-tocoferil-acetato, 
rações em um delineamento experimental inteiramente 
casualizado (n=4). Parâmetros de desempenho e 
hematológicos foram coletados e analisados. Peixes 
alimentados com ração de 150 mg.kg-1 de vit E 
apresentaram maior ganho de peso (p<0,05) e taxa 
de crescimento específico. Hematócrito, número de 
eritroblastos e proteina total plasmática foram maiores 
(p<0,05) nos peixes alimentados com a dieta insenta 
de vitamina E. O suplemento de vitamina E em dietas 
artificiais é essencial para o crescimento e a manutenção 
da eritropoiese nos valores normais para a espécie.

Palavras-chave: nutrição de peixes, hematologia, 
Piaractus mesopotamicus, vitamina E.
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