
109Ciênc. Tecnol. Aliment., Campinas, 33(Supl. 1): 109-115, fev. 2013

O
rig

in
al

Ciência e Tecnologia de Alimentos ISSN 0101-2061

Received 21/8/2012
Accepted 26/10/2012 (00N5837)
1	 Programa de Pós-graduação em Tecnologia Agroalimentar, Centro de Ciências Humanas, Sociais e Agrárias, Universidade Federal da Paraíba – UFPB, Cidade Universitária, 

CEP 58220-000, Bananeiras, PB, Brasil, e-mail: sthelio@yahoo.com.br
2	 Departamento de Pesca e Aquicultura, Universidade Federal Rural de Pernambuco – UFRPE, Rua Dom Manoel de Medeiros, s/n, Dois Irmãos, CEP 52171-030,  

Recife, PE, Brasil
3	 Centro de Aquicultura, Universidade Estadual Paulista Julio de Mesquita Filho – UNESP, Via de Acesso Professor Paulo Donato Castellane, s/n, CEP 14884-900,  

Jaboticabal, SP, Brasil
4	 Departamento de Agropecuária, Centro de Ciências Humanas, Sociais e Agrárias, Universidade Federal da Paraíba – UFPB, Cidade Universitária, CEP 58220-000,  

Bananeiras, PB, Brasil
*Corresponding author

Influence of levels and forms of selenium associated with levels of vitamins  
C and E on the performance, yield and composition of tilapia fillet
Influência de níveis e formas de selênio associados com níveis das vitaminas C e E  
sobre o desempenho, rendimento e composição de filé em tilápia

Sthelio Braga da FONSECA1*, José Humberto Vilar da SILVA1, Edvaldo Mesquita BELTRÃO FILHO1,  
Paulo de Paula MENDES2, João Batista Kochenborger FERNANDES3, Alda Lúcia Lima AMANCIO4,  
José JORDÃO FILHO4, Patrícia Barbosa de LACERDA4, Francisca Rodrigues Pereira da SILVA4

1 Introduction
With the intensification of tilapia farming in several 

countries, including Brazil, mainly in cages where the availability 
of natural food is limited, there was increased incidence of 
nutritional disorders due to the inadequate vitamin and mineral 
enrichment of feed. These more intensive systems require the 
use of nutritionally complete diets with vitamin and mineral 
enrichment greater than those required by production systems 
in nurseries (KUBITZA, 2000).

Vitamins and minerals are substances present in small 
quantities in natural foods, which are essential for metabolism 
and their deficiency in the diet can cause diseases. Although 
vitamins and minerals act in various reactions in living 
organisms, little is known about some of their specific functions 
and interactions in tilapia nutrition.

Vitamin C is considered essential for some aquatic 
organisms due to the absence of gulonolactone oxidase enzyme, 
which is responsible for converting glucose into ascorbic acid 

Resumo
Objetivou-se avaliar a influência da vitamina C (VC), vitamina E (VE) e de duas formas de selênio sobre o desempenho, rendimento e 
qualidade do filé de tilápia Nilótica. O experimento foi realizado num delineamento inteiramente casualizado composto por seis tratamentos, 
os quais foram constituídos pela adição de 100, 200 e 400 mg kg–1 das vitaminas C e E, associados com 0,1, 0,2 e 0,4 mg kg–1 de duas formas 
de selênio. Cada tratamento foi constituído por cinco repetições de 30 peixes cada. A dieta com 200 mg kg–1 de VC e VE + 0,2 mg kg–1 de 
selênio orgânico proporcionou ganho de peso, comprimento corporal e fator de conversão alimentar semelhantes aos tratamentos com 
400 mg kg–1 de VC e VE + 0,4 mg kg–1 de selênio orgânico ou inorgânico. A adição de selênio orgânico à dieta melhorou o ganho de peso e 
o fator de conversão alimentar em comparação com o selênio inorgânico. A dieta com 0,2 mg kg–1 de selênio orgânico apresentou nível de 
glutationa peroxidase igual ao da dieta com 0,4 mg kg–1 de selênio inorgânico. Os rendimentos de carcaça e filé não foram influenciados pelos 
tratamentos, entretanto houve efeito dos tratamentos na composição química do filé.
Palavras-chave: antioxidante; orgânico; rendimento.

Abstract
The objective of this study was to evaluate the influence of vitamin C (VC), vitamin E (VE), and two selenium sources on the performance, 
yield, and composition of Nile tilapia fillet. The experiment was conducted in a completely randomized design consisting of six treatments 
with the addition of 100, 200, and 400 mg kg–1 VC and VE and 0.1, 0.2, and 0.4 of two sources of selenium. Each treatment had five replicates 
of 30 fish each. The diet with 200 mg kg–1 VC and VE + 0.2 mg.k–1 organic selenium resulted in weight gain, length gain, and feed conversion 
ratio similar to that of the treatment with 400 mg kg–1 VC and VE + 0.4 mg kg–1 organic or inorganic selenium. The addition of organic 
selenium to the diet improved the weight gain and feed conversion ratio in comparison with the addition of inorganic selenium. The diet 
with 0.2 mg kg–1 organic selenium showed glutathione peroxidase level equal to the diet with 0.4 mg kg–1 of inorganic selenium. Carcass and 
fillet yields were not affected by treatments; however, there was treatment effect on the fillet’s chemical composition.
Keywords: antioxidant; organic; yield.
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dissolved oxygen, and temperature were measured twice a week 
in the morning and afternoon.

At the end of the experiment, after fasting for 24 hours, the 
fish were killed by stunning (boxes with ice and water at 1:1 
ratio) and the following weights were measured: live, gutted 
with head and fins, viscera, liver, and fillet with skin. Filleting 
process was carried out by a single person. The fillet yield was 
calculated dividing the fillet weight by the gutted and scaled 
fish weight. Carcass yield was achieved by dividing gutted and 
scaled fish weight by its body weight. Visceral-somatic index was 
obtained dividing the fish visceral weight by the fish weight, and 
the hepatic-somatic index was calculated by dividing the liver 
weight by the animal weight. The following formula was used 
to calculate the specific growth ratio (SGR): SGR = [(ln final 
weight – ln initial weight)/time] × 100, where ln is the natural 
logarithm. Feed Conversion Ratio (FCR) was determined by the 
following model: FCR = (food consumed/weight gain) × 100.

In order to determine the glutathione peroxidase enzyme 
and the hematocrits, three animals from each treatment were 
captured, which were stored in a tank with constant water 
renewal for further sampling. Two blood samples were collected 
(5 ml each) from each treatment by puncturing the tail vein 
using heparinized syringes. The blood samples collected were 
stored in vacuum tubes and coated with EDTA anticoagulant 
(ethylenediaminetetraacetic acid) and 4 mL working volume. 
The collected blood samples were stored at room temperature 
between 2-10 °C, according to the laboratory guidelines. No 
sedation or anesthesia was used during sample collection since 
these drugs can cause changes in the activity of antioxidant 

(ALBREKTSEN; LIE; SANDNES, 1988). Vitamin C acts as a 
reducing agent in enzyme hydroxylation reactions, thereby 
acting as antioxidant (BAI; GATLIN, 1992) by improving 
cell respiration, favoring integrity and membranes fluidity 
(VERLHAC; GABAUDAN, 1994), and regenerating oxidized 
vitamin E by free radicals (MUKAI; NISHIMURA; KIKUCHI, 
1991). Vitamin E is the primary fat-soluble vitamin responsible 
for protecting cell membrane of lipid peroxidation (THAKUR; 
SRIVASTAVA, 1996), and it is mainly found in the mitochondria 
and microsomal membranes. Being a cell antioxidant, vitamin 
E is involved in the stabilization of polyunsaturated fatty acids 
of phospholipid fraction of cell membranes preventing toxic 
lipoperoxide formation.

Vitamin E has a strong interaction with selenium to protect 
cell membranes against lipid peroxidation (WATANABE; 
KIRON; SATOH, 1997). Selenium is a trace element responsible 
for glutathione peroxidase (GSH-Px) enzyme activation, which 
acts to reduce hydroperoxides into alcohols and hydrogen 
peroxide into water.

Diet formulation enriched with vitamin C and E and 
selenium increases weight gain in tilapia (O. niloticus) 
(KIM et al., 2003) and increases selenium concentration in the 
muscle tissue of some species (BUCKLEY, 2000). However, there 
are few studies on the effects of nutrients on the performance, 
carcass yield, and chemical composition of tilapia fillets. Thus, 
this study aimed at evaluating the increased levels of organic 
or inorganic selenium and vitamins C and E in the diet on the 
performance, carcass yield, fillet’s chemical composition, and 
glutathione peroxidase in the tilapia blood.

2 Materials and methods
The experiment was conducted in a completely randomized 

design with six treatments and five repetitions with 30 fish 
each. A total of 900 reversed Nile tilapia with average initial 
weight of 60.0 + 5.3 g and 14.49 + 0.8 cm average initial length 
were housed in 30 cages (1 × 1 × 1 m) placed in a pond of 
3.0 m average depth and 1800 m2 area. Fish feeding consisted 
of an experimental diet containing 33% crude protein and 
3195 kcal ED kg–1 diet (Table 1), formulated according to the 
nutritional recommendations of NRC (NATIONAL..., 1993) and 
supplemented with organic and inorganic sources of selenium 
and vitamins C and E (Table 2). The sources of vitamins C and 
E used were pure ascorbic acid and Rovimix E® (50% dl-α-
tocopherol acetate), respectively. Selplex® (1 mg kg–1 Se) was 
used as selenium source and sodium selenite (45.6% Se) as 
inorganic source.

The mineral and vitamin premix used did not contain 
selenium and vitamins C and E, which were added during the 
experimental diet preparation. After mixing, the diets were 
pelletized (XavanteTM – Brazil) and daily distributed in 60 cm 
diameter trays of based on the total biomass of each cage in 
three daily meals at 8, 13, and 16 hours.

To evaluate fish performance and adjust the diet amount to 
be offered, the samples were collected fortnightly by capturing 
randomly five fish from each cage to estimate the total length 
(cm) and weight (g). The physicochemical variables water pH, 

Table 1. Formulation and proximate composition of experimental dieta.

Ingredient g kg–1 Nutrient g kg–1

Soybean meal 330 Crude proteín 330.4
Corn 272 Digestible energy (Kcal) 3195.7
Wheat bran 175 Fat 47.1
Fishmeal 200 Crude fiber 49.1
Soybean oil 13 Calcium 14.5
Vitamin and mineral premixb 10 Available phosphorus 8.4
aBasic diet Composition: Selenium, 0.22 mg kg–1; Vitamin E, 6.88 mg kg–1; bGuaranteed 
levels per kg of product. Vit. A, 6000 UI; Vit. D, 6000 UI; Vit. K, 6.30 mg; Vit. B1, 11.76 mg; 
Vit. B2, 15.36 mg; Vit. B6, 12.74 mg; Vit. B12, 40 mcg; Folic acid, 1.92 mg; Pantothenic 
acid, 39.20 mg; Choline, 800 mg; Niacin, 400 mg; Biotin, 0.2 mg; Antioxidant, 300 mg; 
Iron, 257.15 mg; Zinc, 300 mg; Manganese, 133.45 mg; Copper, 19.60 mg; Iodine, 9.40 mg.

Table 2. Treatments used to evaluate the effect of organic and inorganic 
selenium with vitamins C and E on tilapia feeding.

Treatments
Nutrients (mg kg–1)

Vitamin C Vitamin E Selenium
T1 100 100 0.1 Organic
T2 200 200 0.2 Organic
T3 400 400 0.4 Organic
T4 100 100 0.1 Inorganic
T5 200 200 0.2 Inorganic
T6 400 400 0.4 Inorganic
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inorganic selenium, but it did not differ (P > 0.05) from the 
other treatments. The feed conversion ratio observed in the 
treatment with 400 mg kg–1 VC and VE with 0.4 mg kg–1 Se-O 
was greater (P < 0.05) than that in treatments with 100 and 
200 mg kg–1 vitamins C and E with 0.1 and 0.2 mg kg–1 Se-I, 
respectively (Table 3).

Tilapia fed diets with the organic form of selenium had 
weight gain and feed conversion ratio higher (P ≤ 0.05) than 
those containing inorganic selenium (Figure 1); however, there 
was no significant effect (P > 0.05) of the selenium type on the 
length gain in tilapia.

Carcass yield was not affected by the treatments (P > 0.05) 
although the treatment with 400  mg  kg–1 VC and VE with 
0.4 mg kg–1 Se-O resulted in 1.32% more carcass yield compared 
to the treatment with 200 mg kg–1 VC and VE with 0.2 mg kg–1 
Se-I (88.01% vs 86.67%). Regarding the fillet yield, there was no 
significant difference (P > 0.05) among the treatments (Table 4). 
Visceral-somatic and hepatic-somatic indices also showed no 
significant difference (P > 0.05) among the treatments studied 
(Table 4).

There was no significant effect (P > 0.05) among the 
treatments in terms of fillet composition: protein, fat, selenium, 
ash, moisture, and hematocrits in blood (Table 5).

The levels of glutathione peroxidase in tilapia blood 
increased with the diet enriched with selenium (P ≤ 0.05) 
regardless of its source (Figure  2a); however, the effect was 
more evident (P ≤ 0.05) in the diets supplemented with organic 
selenium (Figure 2b).

4 Discussion
Regardless of the doses of vitamins C and E used, organic 

selenium promoted greater weight gain (P < 0.05), feed 
conversion ratio, and concentration of glutathione peroxidase 
in tilapia blood compared with those obtained with inorganic 
selenium.

The 100% fish survival in the experiment indicates that 
diet supplementation for juvenile tilapia bred in cages with at 
least 100 mg kg–1 of vitamins C and E and 0.1 mg kg–1 selenium 
contributed to the lower fish mortality. This result corroborates 
the findings of Kim et al. (2003), who found 100% survival of 
tilapia fingerlings fed on 150 mg kg–1 vitamin C, 100 mg kg–1 
vitamin E with 0.2 mg kg–1 inorganic selenium. The performance 

enzymes, such as glutathione peroxidase (WDZIECZAK et al., 
1982).

The analysis of glutathione peroxidase was performed 
using spectrophotometry according to Paglia and Valentine 
(1967). Vitamin C determination (method 967.21) was 
performed according to AOAC (ASSOCIATION..., 1990), 
while selenium (method 985.35), protein (method 988.10), 
and ether extract (method 920.39, C) were analyzed according 
to AOAC (ASSOCIATION..., 1995). The mineral material 
(method 900.02) and humidity (method 926.12) were 
determined according to AOAC (ASSOCIATION..., 1996), 
and vitamin E was determined by HPLC according to Matthey, 
Graf and Flachowsky (1991). The hematocrit was analyzed in 
a hematology analyzer (ABX Micros 60, Horiba®). Selenium 
concentration in the muscle followed the method described 
by Tinggi (1999) and was analyzed using an atomic absorption 
spectrophotometer. Prior to the chemical composition analysis, 
the samples were lyophilized for 24 hours.

The means of weight gain, length gain, feed conversion 
ratio, specific growth ratio, glutathione peroxidase, selenium, 
hematocrit, carcass yield, fillet yield, and visceral and hepatic-
somatic indices were compared using the “F” test at 5% 
probability, followed by the Tukey test at 5%. The orthogonal 
contrasts test was used to evaluate the effect of organic 
selenium versus inorganic selenium on weight gain, length 
gain, feed conversion ratio, and levels of glutathione peroxidase 
(NOGUEIRA, 2004).

3 Results
The the mean values of water quality measured in the 

morning and afternoon were: 23.7 and 25.2 °C for temperature 
values of 1.9 and 4.4 mg.L–1for dissolved oxygen 6.40 and pH 
7.02, the temperature and oxygen were below the recommended 
levels for tropical fish farming. (BOYD; TUCKER, 1998).

After 74 days of breeding, tilapia survival was 100% in all 
treatments (Table 3). Weight gain of tilapia fed on 400 mg kg–1 
VC and VE and 0.4 mg kg–1 Se-O was higher (P < 0.05) than that 
in the treatment with 100 mg kg–1 VC and VE with 0.1 mg kg–1 
Se-O and Se-I and the treatment with 200 mg kg–1 VC and VE 
with 0.2 mg kg–1 Se-I, but it did not differ (P > 0.05) from the 
other treatments. The gain in length of tilapia fed on 400 mg kg–1 
VC and VE with 0.4 Se-O was greater (P  <  0.05) than that 
of tilapia fed on 100  mg  kg–1 VC and VE with 0,1  mg  kg–1 

Table 3. Performance of Nile tilapia fed diets enriched with organic and inorganic sources of selenium and vitamins C and E.

Treatments Weight gain (g) Specific growth ratio (%) Length gain (cm) Feed conversion ratio (kg/kg) Survival (%)
T1 138.75 ± 9.2bc1 1.57 ± 0.06bc 7.27 ± 0.5ab 1.96 ± 0.2ab 100 ± 0.0ª
T2 146.45 ± 10.3ab 1.63 ± 0.07ab 7.53 ± 0.4ab 1.88 ± 0.3ab 100 ± 0.0ª
T3 161.07 ± 7.7a 1.70 ± 0.05ª 7.82 ± 0.1ª 1.75 ± 0.1ª 100 ± 0.0ª
T4 123.86 ± 4.6c 1.48 ± 0.03c 6.85 ± 0.8b 2.10 ± 0.1b 100 ± 0.0ª
T5 125.79 ± 6.5c 1.48 ± 0.05c 7.08 ± 0.4ab 2.02 ± 0.3b 100 ± 0.0ª
T6 147.90 ± 8.0ab 1.65 ± 0.05ab 7.79 ± 0.6a 1.89 ± 0.3ab 100 ± 0.0ª

Treatments: T1 = 100 mg kg–1 of VC and VE with 0.1 mg kg–1 of Se-O; T2 = 200 mg kg–1 of VC and VE with 0.2 mg kg–1 of Se-O; T3 = 400 mg kg–1 of VC and VE with 0.4 mg kg–1 of 
Se-O; T4 = 100 mg kg–1 of VC and VE with 0.1 mg kg–1 of Se-I; T5 = 200 mg kg–1 of VC and VE with 0.2 mg kg–1 of Se-I; T6 = 400 mg kg–1 of VC and VE with 0.4 mg kg–1 of Se-I; 1Means 
followed by distinct letters differ according to the Tukey test (P < 0,05). 1S.E. – Standard Error.
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Table 4. Carcass and fillet yield, visceral-somatic, and hepatic-somatic indices of tilapia fed on increasing levels of selenium and vitamins C and E.

Treatments Carcass yield (%) Fillet yield (%) Visceral-somatic index (%) Hepatic-somatic index (%)
T1 87.82 ± 1.5ª1 37.03 ± 2.5ª 14.19 ± 1.5ª 1.67 ± 0.5ª
T2 87.40 ± 0.5ª 37.98 ± 1.1ª 14.18 ± 1.0ª 1.69 ± 0.2ª
T3 88.01 ± 0.2ª 38.39 ± 1.8ª 14.14 ± 1.1ª 1.68 ± 0.1ª
T4 87.21 ± 0.9ª 37.26 ± 0.9ª 14.39 ± 1.0ª 1.33 ± 0.2ª
T5 86.67 ± 1.2ª 36.46 ± 0.6ª 14.33 ± 1.5ª 1.60 ± 0.5ª
T6 87.95 ± 1.3ª 37.07 ± 0.7ª 14.28 ± 1.6ª 1.79 ± 0.01ª

Treatments: T1 = 100 mg kg–1 of VC and VE with 0.1 mg kg–1 of Se-O; T2 = 200 mg kg–1 of VC and VE with 0.2 mg kg–1 of Se-O; T3 = 400 mg kg–1 of VC and VE with 0.4 mg kg–1 
of Se-O; T4 = 100 mg kg–1 of VC and VE with 0.1 mg kg–1 of Se-I; T5 = 200 mg kg–1 of VC and VE with 0.2 mg kg–1 of Se-I; T6 = 400 mg kg–1 of VC and VE with 0.4 mg kg–1 of Se-I; 
1Averages followed by distinct letters differ according to the Tukey test (P < 0.05). 1S.E. – Standard Error.

Table 5. Chemical composition and hematocrit results of tilapia fed on different sources of selenium and vitamins C and E.

Treatments
Composition (%) Selenium  

(mg kg–1)
Vitamins (mg kg–1) Hematocrit  

(%)Crude protein Crude fat Mineral matter Humidity C E
T1 18.11 ± 1.31a 0.97 ± 0.1ª 1.29 ± 0.1ª 79.64 ± 7.2ª 0.02 ± 0.001ª 1240.46 ± 30.2a 0.36 ± 0.03c 43.95 ± 1.8a

T2 17.42 ± 1.9ª 1.44 ± 0.1ª 1.12 ± 0.1ª 80.02 ± 5.3ª 0.04 ± 0.001ª 1263.37 ± 40.3a 0.87 ± 0.02b 38.65 ± 1.5a

T3 17.47 ± 1.5ª 1.22 ± 0.2ª 1.26 ± 0.1ª 80.05 ± 4.8ª 0.05 ± 0.003ª 1376.65 ± 34.7a 1.06 ± 0.05a 43.45 ± 2.2a

T4 17.98 ± 1.8ª 1.29 ± 0.2ª 1.26 ± 0.1ª 79.48 ± 5.5ª 0.04 ± 0.002ª 1230.61 ± 44.5a 0.39 ± 0.04c 41.15 ± 1.9a

T5 17.51 ± 1.4ª 1.06 ± 0.1ª 1.23 ± 0.1ª 80.19 ± 7.1ª 0.05 ± 0.001ª 1257.34 ± 41.2a 0.38 ± 0.05c 46.15 ± 2.7a

T6 17.48 ± 1.7ª 1.01 ± 0.2ª 1.24 ± 0.1ª 80.27 ± 4.2ª 0.04 ± 0.003ª 1362.48 ± 53.7a 0.54 ± 0.09bc 41.85 ± 2.3a

Treatments: T1= 100 mg kg–1 of VC and VE with 0.1 mg kg–1 of Se-O; T2 = 200 mg kg–1 of VC and VE with 0.2 mg kg–1 of Se-O; T3 = 400 mg kg–1 of VC and VE with 0.4 mg kg–1 of Se-
O; T4 = 100 mg kg–1 of VC and VE with 0.1 mg kg–1 of Se-I; T5 = 200 mg kg–1 of VC and VE with 0.2 mg kg–1 of Se-I; T6 = 400 mg kg–1 of VC and VE with 0.4 mg kg–1 of Se-I; 1Means 
followed by distinct letters differ according to the Tukey test (P < 0,05).

Figure 1. Contrasts of weight (a) and length (b) gains and feed conversion ratio (c) of tilapia fed on organic (Se-O) and inorganic (Se-I) selenium. 
a, b Means followed by distinct letters differ among themselves (P < 0.05).

a b

c

of animals fed the diet with 0.2  mg  kg–1 Se-O, 200  mg  kg–1 
VC and VE (Table 2) was similar to that of tilapia fed the diet 
containing 0.4 Se-I plus 400 mg kg–1 vitamins C and E. Se-O 
has greater availability than the inorganic form confirming 
the result obtained by Paripatananont and Lovell (1997), who 
feeding the channel catfish (I. punctatus) on 0.5 mg kg–1 organic 
and inorganic selenium observed that the selenium absorption 

in the organic form was 90.8% against 62.8% for inorganic 
selenium (sodium selenite).

Piedras  et  al. (2005), evaluating the performance of 
silver catfish (Rhamdia quelen) fed diets supplemented with 
0.6  mg  kg–1 organic selenium, confirmed that this form of 
selenium improved the weight gain and growth of silver catfish 
(Rhamdia quelen) compared with the same level of inorganic 
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Results of the hematocrit analysis (Table  2) corroborate 
those of Martins et  al. (1995), who also found no difference 
in blood levels of Pacu (Piaractus mesopotamicus) when 
supplementing the diet with 0, 50, 100, and 200 mg kg–1 vitamin 
C. However, these authors reported that the lack of vitamin C 
affects growth and makes fish more susceptible to diseases. 
Evaluating the addition of 0.0, 0.25, 0.50, 1.0, and 1.5 mg kg–1 
organic selenium in diets for tilapia, Gomes (2008) found no 
significant differences in the hematocrit results , which ranged 
from 43.91 to 46.75%. Hilton and Hodson (1983), when testing 
0.5 and 1.0 mg kg–1 selenium in diets of rainbow trout (Salmo 
gairdneri), found no significant differences in the hematocrit 
levels either.

The carcass yield (Table 3) obtained in this study was similar 
to that found by Boscolo et al. (2001), who assessing carcass 
yield of common and Thai tilapia with 234 g obtained yields 
of 88.29 and 86.88% respectively, while the fillet yield (Table 3) 
was similar to that found by Souza and Maranhão (2001), who 
obtained 36.50% yield for tilapia with mean weight between 
300 and 400 g. This study shows that supplementing the diet 
of tilapia with organic selenium stimulates weight gain, feed 
conversion ratio, and glutathione peroxidase when compared 
with inorganic selenium and, although not significant, there 
was an increase in the selenium concentrations in the fillets of 
tilapia when 0.1, 0.2 and 0.4 mg kg–1 of selenium were used in 
the diet. This fact is associated with the reaction of the inorganic 
selenium positive charge to the negative charge of the intestinal 
mucus, hindering its absorption by the enterocytes. However, 
since organic selenium is in the form of a chelate bound to 
two molecules of amino acids of neutral charge (cysteine or 
methionine), it passes through the intestinal mucus without 
being recognized facilitating its absorption and becoming more 
bioavailable to the organism (RUTZ; MURPH, 2010).

5 Conclusion
The addition of organic selenium to the diet improves 

weight gain, feed conversion ratio, vitamin E deposition in the 
fillet, and the level of glutathione peroxidase in the tilapia blood 
(O. niloticus) when compared with the addition of inorganic 
selenium that caused no effects on carcass and fillet yield. The 
use of 200 mg kg–1 VC and VE and 0.2 mg kg–1 organic selenium 
in the diet of tilapia (Oreochromis niloticus) is recommended.

selenium. In addition, when evaluating the inclusion of selenium 
and vitamin E for Macrobrachium amazonicum, Sampaio et al. 
(2004) found that combining 200  mg  kg–1 vitamin E with 
0.5 mg kg–1 selenium maximized the weight gain of this species. 
Toyama, Corrente and Cyrino (2000) concluded that vitamin C 
levels between 765 and 859.5 mg kg–1 increase the weight gain of 
tilapia during sex reversal. These results demonstrate that using 
selenium associated with supplementation of vitamins C and E 
increases the weight gain of aquatic organisms such as tilapia.

The higher growth of tilapia fed on increasing levels of 
selenium and vitamins C and E (Table  2) can be explained 
by the importance of selenium and vitamin C to increase 
the immune resistance of animals (NATIONAL..., 1993; 
WANG et al., 2003) and prevent diseases such as exophthalmia, 
ascites, anemia, pale gills, and shapeless, as well as decreased 
production of erythrocytes and greater fat accumulation in 
the liver (MARTINS; MIYAZAKI; YAMAGUCHI, 2008). 
Feed conversion improved with increasing selenium and 
vitamins C and E contents in the diet (Table  3), suggesting 
the positive effects of vitamin E as probable explanation 
against polyunsaturated fatty acids peroxidation present in the 
phospholipidic membrane and glutathione peroxidase, which 
protects cytoplasmic organelles of oxidative stress promoted 
by the hydroperoxide, peroxides, and superperoxides radicals.

The increase in the glutathione peroxidase concentrations 
in the blood of tilapia fed on increasing levels of selenium in 
the diet, especially organic selenium (Table  2), corroborates 
the results reported by Abdel-Tawwab and Wafeek (2010), 
who assessing tilapia diets enriched with 5.54 mg kg–1 organic 
selenium compared with the control without selenium addition, 
found higher levels of glutathione peroxidase in the fish fed 
on diets enriched with this mineral. Lin and Shiau (2005) 
assessing the addition of 0, 0.5, 1.0, 2.0, 3.0, and 5.0 mg kg–1 
selenomethionine in the diet of the grouper (Epinephelus 
malabaricus) also found increased glutathione peroxidase in 
response to increased dietary selenium. Wang  et  al. (2007), 
evaluating the addition of 0.5  mg  kg–1 organic or inorganic 
selenium in diets for Carassius auratus gibelio, found higher 
levels of glutathione peroxidase in blood plasma of fish fed on 
0.5 mg kg–1 organic selenium.

Figure 2. a) Contrasts of Glutathione Peroxidase units in blood of tilapia fed on 0.1 mg kg–1 of Se-O (T1) and Se-I (T4); 0.2 mg kg–1 of Se-O 
(T2), and Se-I (T5); and 0.4 mg kg–1 of Se-O (T3), and Se-I (T6). b) Contrasts of unit of glutathione peroxidase in blood of tilapia fed on organic 
(Se-O) and inorganic (Se-I) selenium.
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