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Abstract The knowledge of fish mineral requirements, such as selenium, is important to promote the
growth and health status for fish in captivity, but excess or deficiency must be avoided. Therefore, this
study evaluated the growth performance, hematology and the parasite load of Nile tilapia (Oreochromis
niloticus) supplemented with organic selenium (0.0; 0.25; 0.5; 1.0 and 1.5 mg/Kg). The increased levels
of selenium did not affect significantly (p<0.05) the growth performance of tilapia. However, the increases
of thrombocytes and parasite load are proportional to the increases of selenium levels. Unlike expected,
supplemented diets with selenium did not benefit growth performance and supplementation of 1.5 mg/kg
caused deleterious effects on the health of tilapia.
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Introduction

Selenium (Se) is an essential micronutrient that participates in various biological functions as component
of selenium proteins, acting for maintenance of antioxidant defenses, cellular signaling, metabolism of
thyroid hormones and immune response (Watanabe et al. 1997; Arn’er and Holmgren 2000; Pacitti et al.
2016; Takahashi et al. 2017).

Fish can absorb selenium directly from the water, but the diet is the main source of this mineral to reach
the nutritional requirement. The nutritional requirement is between 0.2 and 0.5 mg/kg (Steffens 1989).
Its deficiency or excess may result in reduced growth and greater mortality (Watanabe et al. 1997). In
concentrations slightly above the homeostatic need, this mineral can bioaccumulate and become toxic to
the fish (Hamilton 2006).

Toxic effects were reported from chronic exposure to selenium (in metallic form) provoking
hematological anomalies (Seriani et al. 2012). Currently, the scientific literature has no studies about the
effect on parasitic load of tilapias submitted to diet with selenium. Therefore, the health status promoted
by selenium dietary supplementation must be investigated to grant the decision-making about inclusion in
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the diet for tilapia.
Thus, this study evaluated the growth performance, hematology and parasitic load in Nile tilapia
submitted to dietary supplementation with organic selenium.

Materials and methods

This study used 340 Nile tilapia (O. niloticus) sexually reversed with initial weight 70 £ 22 g. After
acclimatization period, the fish were randomly distributed in 20 tanks (300 liters), allocating 17 animals per
tank equivalent to stocking density of 0.4 kg/m?. The tanks were equipped with a water recirculation system
(13.5 L/minute). The removal of waste was performed every 48 hours through siphoning at the bottom of
tanks. A completely randomized design, characterized by five concentrations of organic selenium added to
the diet (0; 0.25 0.5 1.0 and 1.5 mg.kg") with four replicates were used. The fish were fed with a basic diet
(Table 1) offered three times a day until apparent satiety.

The used mineral supplement in diet formulation did not contain selenium. Four levels of organic
selenium (selenomethionine) were added to the diet, and its quantification was performed by digestion in
water regions at 100 °C and atomic absorption with hydrides generator as recommended by Ferreira et al.
(2000). These analyses were carried out at the Laboratory of Soil Biochemistry and Applied Biochemistry
of the Department of Technology of FCAV / UNESP, Jaboticabal Campus and its value presented in Table 2.

The feeding period lasted 90 days and the water quality parameters as: dissolved oxygen, pH,
conductivity and temperature were measured every five days and total ammonia monitored each 15 days.
The temperature, dissolved oxygen, pH and conductivity were measured with electronic probes and total
ammonia determined according to Apha (1998).

Growth performance was determined at the end of 90 days. All fish (340) were anaesthetized by
immersion into solution of benzocaine (60 mg/L of water) then weighed and measured. Afterwards, were
calculated the growth parameters as weight gain (WG = final weight — initial weight); feed conversion rate
(FCR = feed intake/weight gain) and specific growth rate (SGR= 100 x (In final weight - In initial weight/
days of experiment).

Along the biometrics procedures, sixteen fish (16) of each treatment were collected to hematological
analysis. After anesthetization, blood samples were collected by punctured of caudal vein with aid of
needles and syringes moistened with anticoagulant EDTA (3%).

Blood smears were prepared and then stained according to Rosenfeld (1947) to counting thrombocytes
and total leukocytes. Another small aliquot was used for the hematocrit determination according to
Goldenfarb et al. (1971). The hemoglobin was measured according methodology of cianometahemoglobin
in equipment CELM® 500/550. The values of total erythrocytes, hematocrit and haemoglobin were used to
calculate the blood indices of mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH)
and mean corpuscular haemoglobin concentration (MCHC) (Vallada 1999).

The same selected fish for hematological analysis were also used to parasitological analysis. The fish
were euthanized after deep anesthesia, and then its gills were removed and fixed as recommended by Amato
et al. (1991). The monogenetic parasites Cichlidogyrus tilapiae were counted to calculate prevalence and
mean intensity according to Bush et al. (1997).

The data were submitted to Shapiro Wilk normality test, ANOVA and Tukey test to mean comparisons
(P <0.05). The associations between selenium levels, blood parameters and parasite load were determined
by regression analysis (P < 0.05).

Results

Throughout the trial period, dissolved oxygen ranged from 2.9 to 4.6 mg/L; pH 7.4 to 7.8; electrical
conductivity 183.4 to 201.8 uS/cm; total ammonia 28.5 to 71.9u g/L and temperature 28.3 to 26.5 °C.
Selenium supplementation did not affect the weight gain, feed conversion rate and specific growth rate
(Table 3).

As observed in the growth performance, the dietary selenium supplementation did not promote
hematological changes (Table 4), except to total of thrombocytes, which increased linearly with the addition
of selenium (> = 0.87, p = 0.019) (Table 5).
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Table 1 Composition of the basic diet selenium-free used in the experiment

Ingredients %
Soybean meal 33
Corn bran 18
Wheat bran 15
Rice bran 9
Fish meal 16.5
Soybean oil 6
Dicalcium Phosphate 1
Mineral supplement (selenium free) 0.5
BHT* 0.02
Limestone powder 0.98
Calculated Composition ** %
Crude Protein 27.62
Lipid 10.65
Crude fiber 7.12
Dry matter (DM) 88.6
Ash 9.2
Calcium 1.88
Phosphorus 1.15

*Composition of mineral and vitamin supplement (nutrient/Kg): Iron 15000mg, copper 5000 mg, Iodine 500 mg, Manganese 17000 mg,
zinc 12000 mg, Vitamin A 12000 IU, Vitamin D5 1500 IU, Vitamin E 50 mg, Vitamin K 4 mg, Vitamin B, 7 mg , Vitamin B, 7 mg,
Pantothenic acid 60 mg, Acid nicotinic 120 mg, choline chloride 600 mg, methionine 700 mg, vitamin C 300 mg, antioxidant 500 mg,
vehicle 1000 g. *Butylate hydroxytoluene, DSM Nutritional Products, Switzerland. **Composition based on the analysis of the
ingredients according to AOAC (1984).

Table 2 Quantification of selenium (Se) levels (mean = SD) in experimental diets

Se. levels* 0.0 0.25 0.50 1.0 1.50
0.11+0.003 0.2340.001 0.59+0.008 1.07+0.02 1.5940.03

*(mg/kg)

Table 3 Means of weight gain (WG), feed conversion rate (FCR) and specific growth rate (SGR) of O. niloticus supplemented with
selenium (mg/kg)

WG(g) FCR SGR(%/day)
Levels of Selenium (Se) 0.796 0.714 0.299
p>F 0.546 ns 0.595 ns 0.873 ns
CV (%)* 26.11 33.23 20.89
Level Se (mg/kg)
0.00 158.99 2.06 1.28
0.25 197.10 1.54 1.46
0.50 186.13 1.57 1.42
1.00 158.18 1.89 1.36
1.50 201.74 1.54 1.47

F = Calculated F values from ANOVA; P = probability of obtaining a value of F > Fc; NS = not significant. * Coefficient of variation (CV).

Selenium levels also did not affect the prevalence, but increased the mean intensity of Cichlidogyrus tilapiae
with the increases of selenium concentration (Table 6). Also was observed to thrombocytes, however the
increases of these parameters were not correlated (P = 0.0572).

Discussion

The water quality parameters were adequate to tilapia rearing (Castagnolli and Cyrino 1986) without any
negative effect to the fish. According to Steffens (1986) the selenium has no any influence on growth
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Table 4 Hematological parameters of Nile tilapia juveniles after feeding with dietary selenium levels (mg/kg)

Treatments 0.0 mg/kg 0.25mg/kg 0.5 mg/kg 1.0 mg/kg 1.5 mg/kg F P CV (%)
Hematological parameters

Red blood Cell (x10°uL") 2.48 2.51 2.51 2.55 2.51 0.16 0.95 9.43
Hematocrit (%) 453 439 439 44.6 46.7 0.31 0.86 19.01
Hemoglobin (g.dL™") 13.0 13.0 12.8 13.6 13.2 0.98 0.44 9.03
MCH (picog) 524.7 522.0 511.2 535.2 536.4 3.04 0.05 4.52
MCV (1) 183.2 176.4 176.5 178.1 187.0 0.59 0.67 13.48
MCHC (g.dL") 30.2 30.9 30.7 31.8 30.9 0.22 0.92 16.24
White cells (10° cel. uL) 70.5 69.5 65.8 58.3 74.0 0.85 0.51 38.15
Lymphocyte (10° cel. uL™") 66.15 64.3 62.1 54.1 75.8 1.34 0.29 41.81
Neutrophils (10° cel. uL™") 2.5 3.6 2.1 2.5 6.3 231 0.1 130.7
Monocytes (10° cel. pL™h) 1.6 14 1.4 1.3 1.9 1.47 0.25 52.5

F = Calculated F values from ANOVA; p=P value; NS = not significant. * Coefficient of variation (CV); fL = Fentoliters.

Table 5 Means of total thrombocytes of Nile tilapia after feeding with dietary selenium levels (mg/kg) and linear regression between
thrombocytes and selenium levels.

Thrombocytes
F value 6.07
p value 0.004
CV (%)* 384
Linear regression R2=0.87 p=0.019
Treatment means (10% cel. pLh)
0.0 mg/kg 1.85b
0.25 mg/kg 2.23 ab
0.5 mg/kg 2.19 ab
1.0 mg/kg 3.16a
1.5 mg/kg 3.14a

Mean in columns followed by the same letter did not differ significantly by Tukey test at 5% probability; F = Calculated F values from
ANOVA;
* Coefficient of variation (CV)

Table 6 Prevalence and mean intensity of parasite Cichlidogyrus tilapiae in Nile tilapia after feeding with dietary selenium levels
(mg/kg).

Prevalence Mean intensity
F values 1.0 3.29
P value 0.56ns 0.018*
CV (%)* 3.8 39.0
Linear regression ns R?*=0.94, P=0.005
Treatment/Mean
0.0 mg/kg 100.0 68.70 a
0.25 mg/kg 91.6 75.66 ab
0.5 mg/kg 100.0 84.83 ab
1.0 mg/kg 100.0 116.83 ab
1.5 mg/kg 100.0 172.90 b

Mean in columns followed by the same letter did not differ significantly by Tukey test at 5% probability;
F = Calculated F values from ANOVA; * Coefficient of variation (CV); ns = No Significant

performance of tilapia, as noted in the present study with concentrations between 0.25 to 1.50 mg/kg. Other
studies obtained similar results for pacu (Piaractus mesopotamicus) with selenium supplementation 0.72 to
2.51 mg/kg (Takahashi et al. 2017), and for rainbow trout (Oncorhynchus mykiss), at concentrations 0.25
to 4.0 mg/kg (Pacitti et al. 2015).

Possibly, the selenium levels in the basic diet for this study, reached the needed requirement for tilapia
juvenile. Thus, the small initial concentration (0.11 mg/Kg) in the basic diet probably contributed to the
growth in the control group discarding any significant differences between supplemented groups.

Although it has no effect on growth, the addition of selenium in the diet can affect the amount of
blood cells, but it depends on the cell function and the cytosolic peroxidase (Brown et al. 2000). The
pronounced response on thrombocytes in higher selenium concentration can be related to minor half-life
of the circulating thrombocytes which responding more readily to increased selenium than other blood
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cells from longer half-life (Dalir-naghadeh et al. 2015). In others studies changes in the total number of
thrombocytes also were observed in tilapia fed with selenium (Seriani et al. 2012). However, studies must
be carried out to clarify whether this is beneficial or not for the fish health.

Although the thrombocytes possess defense action in the body (Matushima and Mariano 1986) they may
not directly influence the Cichlidogyrus tilapiae load. Thus, the responses of thrombocytes and parasitic
load in the present study were caused by other problem. Thrombocytes of fish have similar functions to
those of mammal’s platelets, being responsible for process of blood clotting (Lemly 2002). Therefore, the
increases of these cells would be related to response of internal injuries in organs as kidney and liver, or
external injuries on the gills provoked by the higher levels of selenium probably due to the toxic effect
(Garcia-Cortés et al. 2016).

In the previous studies, on the same species, concentrations of 1.0 mg/kg of Se cause hepatotoxicity
with hepatocyte derangement, necrosis and fatty degeneration (Tashjian et al. 2006). This organ has high
capacity for bioaccumulation of this mineral, being influenced by its levels in the diet (Pacitti et al. 2016;
Gomes et al. 2016; Pan and Huang 2013). Therefore, metabolic and immunological processes may have
been altered in response to long supplemented time (90 days) at the highest level of selenium (1.5 mg/kg),
which may have contributed indirectly to the increases of parasites number on fish, but this hypothesis,
must be studied.

Contrary to expectations, in this study it was not possible to suggest an ideal level of selenium for tilapia.
However, the excess and the deficiency of selenium in the diet promote changes in the liver, provoking lipid
degeneration (Gomes et al. 2019). The deficiency of selenium compromises the concentration of glutathione
peroxidase, which prevents the free radical formation, inducing the lipid peroxidation in liver (Pan and
Huang 2013), thus the supplementation is essential for normal growth. Thus, the selenium concentration
presented in the basic diet (0.11 mg/kg) was sufficient to normal growth of tilapias, being similar to the
concentrations reported by Steffens et al. (1989) for other species. In addition to increased parasitic load
with dietary supplementation of 1.5 mg/kg, it results agree with the literature about the selenium toxicity.
In conclusion, supplemented diets with organic selenium have no effect on the growth performance for
tilapias. However, 1.5 mg/Kg of organic selenium provides deleterious effects to the tilapia health.
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