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Abstract

The objective of this study was to evaluate the productive performance, organosomatic indices and liver-intestinal
histomorphometric parameters of Nile tilapia (Oreochromis niloticus) juveniles, fed diets containing probiotics (yeast
- Saccharomyces cerevisiae) and reared at different densities of storage. In this experiment, 450 juveniles of tilapia
(2.9 + 0.23 g) were distributed in 18 experimental units arranged in RAS and arranged in a randomized block design
in a 2x3 factorial scheme. These animals were fed two diets, the first without yeast and the second containing 0.1%
yeast inclusion and distributed in three stocking densities of 15, 25 and 35 fish / m® (500, 833 and 1166 fish / m®).
There was an improvement in the oxygenation of the medium with the use of yeast, as well as in the lowest stocking
densities evaluated (15 and 25 fish / m3). However, lower specific growth rates and higher viscerosomatic index were
observed in animals supplemented with 0.1% yeast. For the average area of hepatocytes, there was an interaction
between the evaluated factors (use of probiotic x storage density), where the best values were found in the lowest
storage densities (15 and 25 fish / m3), regardless of use or not of the probiotic. It is recommended to use a stocking
density of 15 to 25 fish / m3 and a supplementation of 0.1% with yeast as a probiotic, in order to improve liver health
and oxygenation of the water used to grow Nile tilapia juveniles cultivated in RAS.

Keywords: Density stocking; Probiotic; Saccharomyces cerevisiae; Water quality.

Resumo

O objetivo deste estudo foi avaliar o desempenho produtivo, os indices organossomaticos e 0s parametros
histomorfométricos hepatico-intestinais de juvenis de tilapia-do-Nilo (Oreochromis niloticus), alimentados com dietas
contendo probi6ticos (levedura - Saccharomyces cerevisiae) e criados em diferentes densidades de estocagem. Neste
experimento, 450 juvenis de tilapia (2,9 £ 0,23 g) foram distribuidos em 18 unidades experimentais dispostas em RAS
e dispostas em delineamento de blocos ao acaso em esquema fatorial 2x3. Esses animais foram alimentados com duas
dietas, sendo a primeira sem levedura e uma segunda contendo 0,1% de inclusdo de levedura e distribuidas em trés
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densidades de estocagem de 15, 25 e 35 peixes / m® (500, 833 e 1166 peixes / m?). Observou-se melhora na
oxigenacdo do meio com o uso de levedura, bem como, nas menores densidades de estocagem avaliadas (15 e 25
peixes / m3). No entanto, menores taxas de crescimento especifico e maior indice viscerossomatico, foram observados
em animais suplementados com 0,1% da levedura. Para a area média dos hepatocitos, observou-se interacdo entre os
fatores avaliados (uso de probiético x densidade de estocagem), onde os melhores valores foram encontrados nas
menores densidades de estocagem (15 e 25 peixes / m3), independentemente do uso ou nao do probidtico.
Recomenda-se o uso de uma densidade de estocagem de 15 a 25 peixes / m3 e uma suplementacdo de 0,1% com
levedura como probidtico, com o intuito de melhorar a saiide hepatica e a oxigenacédo da agua de cultivo de juvenis de
tilapia-do-Nilo cultivados em RAS.

Palavras-chave: Densidade de estocagem; Probidtico; Saccharomyces cerevisiae; Qualidade da agua.

Resumen

El objetivo de este estudio fue evaluar el comportamiento productivo, indices organosomaticos y parametros
histomorfométricos higado-intestinales de juveniles de tilapia del Nilo (Oreochromis niloticus), alimentados con
dietas que contienen probidticos (levadura - Saccharomyces cerevisiae) y criados en diferentes densidades de
almacenamiento. En este experimento, se distribuyeron 450 juveniles de tilapia (2.9 £ 0.23 g) en 18 unidades
experimentales dispuestas en RAS y ordenadas en un disefio de bloques al azar en un esquema factorial 2x3. Estos
animales fueron alimentados con dos dietas, la primera sin levadura y la segunda con 0,1% de inclusion de levadura y
distribuidas en tres densidades de poblacion de 15, 25 y 35 peces / m?3 (500, 833 y 1166 peces / m®). Hubo una mejora
en la oxigenacion del medio con el uso de levadura, asi como en las densidades de siembra mas bajas evaluadas (15 y
25 peces / m3). Sin embargo, se observaron tasas de crecimiento especificas mas bajas y un indice viscerosomético
maés alto en animales suplementados con levadura al 0,1%. Para el area promedio de hepatocitos, hubo interaccion
entre los factores evaluados (uso de probiético x densidad de almacenamiento), donde los mejores valores se
encontraron en las densidades de almacenamiento mas bajas (15 y 25 peces / m3), independientemente del uso o no
del probidtico. Se recomienda utilizar una densidad de poblacidn de 15 a 25 peces / m3 y una suplementacién del 0,1%
con levadura como probidtico, con el fin de mejorar la salud del higado y la oxigenacién del agua utilizada para el
cultivo de juveniles de tilapia del Nilo cultivada en RAS.

Palabras clave: Densidad de poblacién; Probiotico; Saccharomyces cerevisiae; Calidad del agua.

1. Introduction

Agquaculture is the fastest growing activity in comparison to other agricultural food production sectors (FAO, 2018).
From 2001 to 2018, world aquaculture production grew by more than 5% per year, according to data from the State of The
World Fisheries and Aquaculture - SOFIA, reaching over 82.1 million tons of fish in the last year. Brazil is currently the 13th
largest fish producing country in the world (FAO, 2020), and the incessant search for alternatives aimed at improvements in
the aquaculture sector, such as in fish nutrition, is a constant challenge for this activity and for fish farmers (MPA, 2015). Feed
costs are one of the most expensive inputs in aquaculture production making alternative ingredients that maintain or even
improve the animals performance worth serious consideration (Boscolo et al., 2001; Meurer et al., 2002).

Tilapia is the second most produced species in the world but the most cultivated species in Brazil (FAO, 2020;
PeixeBR, 2020) due to its favorable traits, such as good acceptance by consumers, rusticity, rapid growth and meat quality
(Meurer et al., 2003; 2008). Nevertheless, throughout the fingerling development stage, high stocking densities are usually
adopted (Marengoni, 2006) with occurrences of high mortality rates, since the immune system is still underdeveloped and the
natural resistance to diseases is limited (Kirkan et al., 2003; Yin et al., 2008). According to Filipetto et al. (2015), proper
nutrition during this developmental stage, when fish grow at accelerated rates (Hayashi et al., 2002), can ensure an effective
nutritional support for its growth and health maintenance (Kim et al., 2003). Therefore, the provision of a balanced diets
containing food additives might be an efficient strategy to mitigate losses in this stage and provide additional benefits in
subsequent phases (Hayashi et al., 2002).

The rational for inclusion of additives in diets for tilapia, also known as functional feeds (Ribeiro et al., 2012), are
benefits to both water quality and the animal’s immune system and growth performance during fingerlings development and
fattening stages (Schwarz, 2009; Iwashita et al., 2014). Among several known additives, probiotics are one of the most

commonly used in aquaculture. Probiotics are living microorganisms that, when supplied in adequate quantities, can benefit the
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host and may reduce the occurrence of diseases (Reid et al., 2003). Probiotics exert their effects in several ways and have been
linked to producing enzymes in the intestinal tract, improving its morphology and functionality (Heidarieh et al., 2012). In this
sense, when probiotics are ingested by the fish, in addition to modifying its intestinal microbial composition, it positively
affects the immune system and, as a consequence, the animals health status (Borquez et al., 2010) and its growth performance
(Dharmaraj& Dhevendaran, 2010).

The use of probiotics for aquatic organisms has been gaining attention over the last few years mainly due to the need
to improve sustainable management of aquaculture (Gatesoupe, 1999). Among the most used probiotics in fish nutrition,
yeasts and their processing derivatives are characterized by their biosafety, easy incorporation to diets and positive effects on
growth performance (Hisano et al., 2006; 2008). According to Butolo (2001), yeasts are fundamental ingredients that must be
used in diet formulations, as they act like immunostimulants and pro-nutrients - compounds that promote intrinsic nutritional
values, which are demanded in lower quantities in animal diets.

The yeast of S. cerevisiae comes from the bakery industry and contains several immunostimulants compounds, such
as beta-glucan, nucleic acids, mannan-oligossacharides and chitin (Gopalakannan & Arul, 2010). This yeast has high levels of
proteins, amino acids, vitamins of the B complex, fatty acids, minerals and enzymes (Pardo-Gamboa et al., 2011). Studies
reported improvements in growth performance (Schwarz et al., 2010) and intestinal health status of animals supplemented with
this strain of yeast (Carvalho et al., 2011; Schwarz et al., 2011; Heidarieh et al., 2012); however, no studies that encompasses
the hepatic health of animals were performed. Therefore, the aim of this study was to evaluate the inclusion of a probiotic
composed by S. cerevisiae yeast and different stocking densities in the growth development, somatic indexes and hepatic-

intestinal histomorphometry of Nile tilapia juveniles, in a water recirculation system during the pre-fattening stage.

2. Methodology

2.1 Experimental design

This study was conducted in the Laboratory of Aquaculture and Animal Pathology, of the Barriga Verde University
Center (UNIBAVE), located in the municipality of Orleans, Santa Catarina, Brazil and lasted 35 days, between the months of
August and September 2019.The experiment was approved by the Ethics Committee on Animal Use (CEUA-UNIBAVE),
under protocol number 003/2018. A total of 450 Nile tilapia juveniles (Oreochomis niloticus) were acquired from a
commercial fish farm (lineage GIFT - EPAGRI SC02), with a mean initial weight of 2.9 £ 0.23g.

The animals were distributed in 18 experimental units in a randomized blocks design, a 2x3 factorial scheme, with the
inclusion of probiotics and stocking density as factors. Fish were submitted to two diets, one without the addition of yeast (SP)
and one with a 0.1% inclusion level of yeast (CP) containing 100% living cells of S. cerevisiae (strain NCYC Sc 47 -
ACTISAF PWD, Phileo, France), and distributed in three stocking densities of 500, 833 and 1166 fish / m-3 (15, 25 and 35
fish per tank, respectively). Each tank was considered as an experimental unit.

The inclusion of the probiotic in the diets was performed every three days. The lyophilized yeast powder was diluted
in 100 mL of water from the experimental system’s supply (SAMAE — Orleans/SC, Brazil, low salinity water), and sprayed on
a micro-extruded commercial diet (40% crude protein CP and 1.77 mm of thickness — BIOBASE®), with the aid of a sprayer
(ULTRAJET VERDE - GUARANY®), before being provided to fish. The characterization of the commercial diet is

presented in Table 1.
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Table 1. Nutritional information of the commercial diet (according to the manufacturer) provided to Nile tilapia juveniles (O.s

niloticus), supplemented with a probiotic composed of living cells of S. cerevisiae in distinct stocking densities.

Nutrient Concentration (min.)
Crude protein (min) 400.0 g kg
Ether extract (min) 85.00 g kg*
Fiber matter (max) 40.00 g kg*
Mineral matter (max) 70.00 g kg
Calcium (min) 10.0 g kg*
Calcium (max) 25.0g kg
Phosphorus (min) 10.0 g kg*
Moisture (max) 100.00 g kgt

Sodium (min)
Vitamin A (min)
Vitamin D3 (min)

2.000.00 mg kg*
11.200.00 Ul kg™*
2.240.00 Ul kg'*

Vitamin E (min) 128.00 Ul kgt
Vitamin k3 (min) 10.00 mg kg'*
Vitamin B1 (min) 16.0 mg kgt
Vitamin B2 (min) 16.0 mg kgt
Vitamin B6 (min) 16.0 mg kg*
Vitamin B12 (min) 16.0 mg kg'*
Biotin (min) 0.06 mg kg
Nicotinic acid (min) 80.0 mg kgt
Pantothenic acid (min) 40.00 mg kg*
Folic acid (min) 5.00 mg kg*

Choline (min) 2.000.00 mg kg™
Vitamin C (min) 1.100.00 mg kg™
lodine (min) 1.50 mg kg'*
Selenium (min) 0.30 mg kg*
Iron (min) 85.0 mg kgt
Copper (min) 11.50 mg kg™*
Zinc (min) 35.0 mg kgt
Manganese (min) 25.50 mg kg'*
Cobalt (min) 0.50 mg kg*

Source: Biobase Alimentacdo Animal LTDA, Av. Anita Boaro 734, Aguas Frias, Downtown. ZIP Code 89843-000,
Santa Catarina, Brazil.

Each days feed ration was weighed on a precision scale (Electronic Analytical Scale BG 100, Gehaka, Brazil), kept in
identifiable plastic containers and stored in an aerated site. Feeding was provided three times a day at 08h00min, 13h00min
and 19h00min, at a feeding rate of 15% of the animals live weight in the first week, 8% in the second week and 5% in the
following weeks until the end of the experiment. The reduction of feeding rates was defined by means of weekly biometrics,
with the aim of establishing a nutritional restrictive challenge.

The animals were allocated in experimental units (polypropylene tanks with 30 L of useful volume) that were
oxygenated with porous stones (2 cm) coupled through individual air compressors (SUNSUN® Hp-200, China). These tanks
were interlinked by a water recirculation system composed of a circular matrix tank (500 L useful volume) that served as a
reservoir/sump. The filtration system was constituted by a mechanical (60-pum perlon mesh) and a biological filter (particulate
material like gravel with an approximate volume of 0.1 m3), in order to provide sufficient adhesion surface to bacteria, and
assist in the nitrification process. The system was equipped with a heater (2,500 W) and a submerged pump with a capacity of

4,000 liters / hora (ATMAN® model PH4000) that pumped the water to the experimental units, which returned by gravity.
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Tanks were cleaned every two days with the recharge water coming from the municipal water and sewage company
(SAMAE). Before using this water, it was stored in a 500-L recipient with strong aeration for 2 days, in order to remove the
residual chloride. Water quality parameters were measured periodically, with temperature and dissolved oxygen being
measured on a daily basis with an oximeter ALFAKIT (model AT-155, Alfakit, Floriandpolis/SC, Brazil), and the pH assessed
weekly, with the aid of a pH-meter SENSOGLASS (model SP1800, Sdo Paulo/SP, Brazil). Weekly water samplings were
conducted with samples kept in a freezer (-20 °C) until analysis. Nitrogenous parameters (total ammonia, nitrite and nitrate)
were measured, as well as alkalinity and orthophosphate, with the aid of a photo colorimeter ALFAKIT (model AT-100P,
Florian6polis/SC, Brazil). These analyses were performed in a Laboratory of Aquaculture of the Santa Catarina State
University (LAQ - UDESC).

At the end of the experimental period, all the fish were captured with nets and gloves, and were manually immobilized
(using moistened towels and gloves) for the final biometrics. Growth performance was evaluated according to the following
variables: mean initial weight (MIW) (g), mean final weight (MFW) (g), survival rate (S) (%), mean weight gain (MWG) (g),
apparent feed conversion (AFC), and specific growth rate (SGR) (% day-1), by means of the equation [(final weight — initial
weight) / time in days] x 100.

2.2 Somatic indexes and hepatic-intestinal histomorphometry

Twenty percent of the animals from each experimental unit were randomly selected to measure the somatic indexes
and the hepatic-intestinal morphometry, by means of collecting samples from the gastrointestinal tract and the liver. For this
purpose, fish were kept in water containing ice for 10 min until loss of balance and reduction of operculum movements
(Matushima & Mariano, 1996) with a subsequent medullar transection being performed on those animals (Pedrazzani et al.,
2007; CONCEA, 2013). The sampled organs were weighted to calculate the hepatosomatic (HSI) and viscerosomatic (VSI)
indexes, according to equations, below:

Subsequently, two hepatic fractions and two portions of the intestines were sent to the Laboratory of Veterinary
Pathology of the Barriga Verde University Center (UNIBAVE) for histological procedures, and later for histomorphometric
analyses. The histological processing of samples was performed according to the routine methods proposed by Nunes and
Cinsa (2016). Fragments of the intestines and liver were placed in sterile plastic containers that were pre-identified and filled
with a formaldehyde solution (10%) (this solution was renewed and the tissues were maintained in this solution until
histological slides were prepared). Tissue samples were cut in 0.3 cm portions, diaphanized and included in histological
paraffin, and then cut in 3 um sections with the aid of a semi-automatic microtome, according to the methodology of Mello et
al. (2013), with adaptations. Subsequently, the slides were prepared and stained with hematoxylin-eosin (HE) (Prophet et al.,
1992), and then the intestinal villi were measured, as well as the area of hepatocytes (MAH). Samples were analyzed in a light
microscope (Bioval®, L-2000) coupled with a camera. Pictures were registered with the aid of the software TCapture®. The
other fish remaining in the experimental units were weighted and measured for external evaluation parameters and then these

were sent to the Experimental Farm of UNIBAVE.

2.3 Analysis of intestinal and hepatic histomorphometry

The slides prepared for histological evaluations were analyzed with a 10x lens and selected by means of a criterion of
integrity, considering four villi per animal, totaling 360 villi. Measurements (Figure 1) were adapted from the methodology
described by Picoli et al. (2019), being: i) villi’s height (VH) as the distance from the apex of the villi until the beginning of
the muscle layer; ii) total height of villi (THV) as the height from the villi’s apex to the end of the serosa; iii) width of villi
(VW); and iv) thickness of the villus epithelium (TV). All measurements were performed with the software ImageJ®. Random

5


http://dx.doi.org/10.33448/rsd-v10i16.23385

Research, Society and Development, v. 10, n. 16, e183101623385, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i16.23385

images were taken from slides containing the hepatic tissue stained with HE, from five image fields (40x) for each animal.
Then, the area of 20 hepatocytes in each image captured was measured (Figure 2), totaling 100 hepatocytes per animal,

according to Picoli et al. (2019). The MAH was estimated for each treatment, as recommended by Tessaro et al. (2012).

2.4 Statistical Analysis

The data obtained was analyzed for normality of residues (Shapiro-Wilk test) and homogeneity of variances (Levene
test). The parameters relating to water quality, growth performance, as well as somatic and histomorphometric indexes, were
evaluated by means of a factorial analysis (Myers, 1990; Quinn & Keough, 2002). In case no interaction between variables was
found, a one-way variance analysis (ANOVA) was carried out separately for each factor (stocking density and use of yeast),
and when significant effects were visualized, the Tukey test of multiple comparison of means was applied at a 5% probability
level (Sampaio, 2010).

3. Results
3.1 Water Quality

The water quality parameters evaluated in this study did not show any interaction with stocking density or with the
addition of the probiotic (p > 0.05); however, significant differences were found when these were individually evaluated (Table
2). Improvement in the oxygenation (DO) of the culture water with the use of probiotic was observed in the lowest evaluated
stocking densities (15 and 25 fish / m3). The other parameters (temperature, ammonium, nitrate and pH) were statistically

similar (p > 0.05) when evaluated individually (Table 2).

Table 2. Water quality parameters in an experimental set-up for rearing juvenile Nile tilapia (Oreochromis niloticus)

supplemented with a probiotic made of Saccharomyces cerevisiae, at different stocking densities.

Treatments T DO pH TAN N-NO2
(°C) (mg /1) (mg /1) (mg/1)
With 15 2511+018  6.67+035  7.23+0.04 244 +0.21 0.022 +0.003
probiotic 25 25174010  6.07+046  7.24+0.07 2.29+0.28 0.022 +0.003
35 2521+006  548+045  7.17+0.07 2.54 +0.03 0.023 +0.001
Without 15 2522+008  585+074  7.22+0.11 2.51+0.27 0.023 +0.003
probiotic 25 25114010 591+035  7.19+0,06 2.44£0.19 0.022 +0.003
35 2527+001 506017  7.12+0.09 2.48+0.13 0.023 + 0.002
15 2516+0.14 6.26£0.69a 7.22+0.07 2.47+0.22 0.022 +0.003
25 2514+010 599+0.37a 7.22+0.06 2.36 +0.23 0.022 +0.002
35 25241005 527+0.38b  7.15+0.08 2.51 +0.09 0.023 +0.001
With probiotic 2516+012 6.07+0.63a 7.22+0.04 2.42+0.21 0.023 +0.002
Without probiotic 25204009 561+059b  7.18+0.09 2.48+0.18 0.023 £ 0.002
p value Probiotic NS (0.49) 0.04* NS (0.27) NS (0.53) NS (0.19)
Density NS (0.26) 0.00% NS (0.14) NS (0.42) NS (0.52)
Interaction NS (0.37) NS (0.46) NS (0.92) NS (0.66) NS (0.79)

T: Temperature; DO: dissolved oxygen; pH: hydrogen potential; TAN: total ammonium nitrogen; N-NOz: nitrite; NS: not
significant; *: p < 0.05. Source: Authors.
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3.2 Growth performance and somatic indexes

No significant interaction between stocking densities and/or the use of the probiotic supplement was observed in relation to the evaluated growth performance parameters or
somatic indexes (p > 0.05); however, the animals supplemented with the probiotic presented a lower SGR (2.65 + 1.11% day ) and VSI (7.88 + 2.53%) in comparison to the animals
that did not receive the yeast, which had a SGR of 3.27 + 1.12% day " and a VS| of 9.87 + 2.68% (p < 0.05) (Table 3). The other parameters (MIW, MFW, MWG, S, AFC and HSI) did

not present any statistical difference relating to supplementation (p > 0.05). Similarly, no differences were observed regarding the effects of stocking densities (p > 0.05) on the growth

parameters and somatic indexes evaluated (Table 3).

Table 3. Growth performance and somatic indexes of Nile tilapia (O. niloticus) juveniles, supplemented with a probiotic (S. cerevisiae) at different stocking densities for 35 days.

Treatments MIW (g) MFW (g) S (%) MWG (g) FC SGR (% day %) VSI (%) HSI (%)
With 15 2.96 +£0.45 12.15+£1.20 60.00 + 17.64 9.19+1.16 1.48 £0.30 2.71+£0.82 7.50 £2.16 2.34+0.70
probiotic 25 2.90£0.15 10.10 £0.23 78.67 £ 16.17 7.20+£0.21 1.90£0.15 247 +1.26 7.69 +3.01 229+1.14
35 3.00£0.39 11.24 £0.84 70.48 +14.38 8.19 +0.96 1.75+0.29 276 +1.13 8.15+2.39 2.40 +0.67
Without 15 3.00 £ 0.06 11.76 £1.22 68.89 + 3.85 8.76 £1.21 1.70+£0.18 3.92+£0.49 10.94 £2.31 2.84 £0.65
probiotic 25 296 +0.24 12.17 £ 1.57 77.33+£11.55 9.21+1.36 1.65+0.18 3.43+1.26 10.26 +3.31 214 +0.77
35 3.05+0.09 10.84 £0.26 74.29 £9.90 7.79+0.26 1.84 +0.03 292+1.11 9.21+2.28 2.73+0.93
15 2.98+0.29 11.96 £1.10 64.44 +£12.41 8.98 £1.09 1.59 £ 0.25 3.37+£0.89 9.38+2.78 2.61+£0.69
25 2.93+0.18 1114+ 151 78.00 £ 12.59 8.20+1.40 1.77 £0.20 2.55+1.33 8.98+3.35 2.21+0.95
35 3.03+0.26 11.04 £ 0.60 7238 +£11.24 7.99 £0.67 1.80 £0.19 2.84+1.10 8.70 £2.35 2.57£0.82
With probiotic 2.95+0.31 11.16 £1.16 69.71 +£16.14 8.19+1.15 1.71+£0.29 265+1.11b 7.88+2.53b 2.35+0.84
Without probiotic 3.01+0.14 1159 +1.16 73.50 £ 8.67 8.58+1.11 1.73+0.15 327+112a 987+268a  255+0.86

p value Probiotic NS (0.66) NS (0.44) NS (0.52) NS (0.46) NS (0.85) 0.03* 0.00* NS (0.36)
Density NS (0.81) NS (0.34) NS (0.19) NS (0.30) NS (0.24) NS (0.43) NS (0.78) NS (0.26)

Interaction NS (0.99) NS (0.09) NS (0.79) NS (0.08) NS (0.19) NS (0.27) NS (0.36) NS (0.49)

MIW: mean initial weight; MFW: mean final weight; S: survival rate; MWG: mean weight gain; FC: feed conversion; SGR: specific growth rate; VVSI: viscerosomatic index;
HSI: hepatosomatic index; NS: not significant; *: p < 0.05. Fonte: Autores.
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3.3 Histomorphometric analysis

A lack of significant differences were observed in the evaluations of intestinal variables (THV, VH, VW and TV) (P >
0.05) among treatments and stocking densities, as well as the interaction between them (Table 4). Contrarily, for the average
area of hepatocytes, an interaction was observed between the determination factors (use of probiotic x stocking density), where
the best values were found in the lowest stocking densities (15 and 25 fish / m?), regardless of using or not the probiotic (Table
4).

Table 4. Hepatic-intestinal histomorphometry of Nile tilapia juveniles (O .niloticus) supplemented with a probiotic made of S.

cerevisiae, at different stocking densities.

Treatments THV VH VW TV
MAH (um?)
(pm) (pm) (pm) (pm)
With probiotic 15 395.33 £ 6.50 280.66+43.13  9514+11.33  69.18 + 36.72 249.09 +13.35a
25 401.19 +58.19 297.86 +49.44  11391+3387  53.71+10.68 166.91 +40.53 ab
35 390.34 + 40.81 297.57 +31.02 99.50 + 1.84 49.50 +1.06 157.74 £ 12.40 b
Without 15 362.62 + 23.43 28530 +21.06  107.54+2299  50.53 +10.75 182.93 +8.82 ab
probiotic 25 41413 + 28.86 316.45+2354  103.63+18.17  47.84%7.72 147.44 £11.85b
35 416.54 + 89.77 316.30+71.40  106.09+1154  50.69 £ 3.30 157.75 £ 61.65 b
15 378.98 + 26.61 287.48+30.45  101.34+1757  59.85+26.26 216.01 +37.62a
25 407.66 + 41.69 307.15+36.10  108.77+2495  50.77 +8.94 107.17 £ 70.68 b
35 403.44 £ 60.11 306.98 +50.30  102.80 +8.22 50.09 + 2.29 157.75 + 39.77 ab
With probiotic 395.62 + 36.01 20503+3651  10285+10.80  57.46 +21.13 191.25 + 48.90 a
Without probiotic 397.76 £ 52.48 306.05+42.02  10575+15.84  49.69 + 6.96 129.37 £70.00 b
p value Probiotic NS (0.92) NS (0.74) NS (0.32) NS (0.57) 0.00*
Density NS (0.52) NS (0.63) NS (0.77) NS (0.51) 0.00%
Interaction NS (0.54) NS (0.87) NS (0.59) NS (0.59) 0.02*

THYV = total height of villi; VH = villi’s height; VW = villi width; TV = thickness of the villi’s epithelium (EV); MAH = mean area of
hepatocytes; NS: not significant; *: p < 0.05. Source: Authors.

4. Discussion

Over the years, probiotics have been used to improve water quality in aquacultural enterprises due to their beneficial
effects in reducing the concentration of nitrogen compounds and competing with pathogenic microorganisms in the rearing
Environment (Porubcan, 1991a; 1991b; Wang et al., 2000; 2008; Wang & Xu, 2004; Zhou et al., 2009; Martinez Cruz et al.,
2012). In this study, the water quality parameters evaluated remained within the adequate limits for the cultivated species (El
Sayed, 2020). The improvement in the levels of DO with the probiotic inclusion (6.07 + 0.63 mg / 1) in relation to the
treatment without the yeast (5.61 + 0.59 mg / I) (p < 0.05) corroborates with the findings of Abdulrahman and Muhammad
(2012), who evaluated S. cerevisiae inclusion levels for common carp (Cyprinus carpio). Those authors reported higher
concentrations of DO (5.31 mg/l in the water cultivated with 7% of dry yeast in comparison to the control treatment (3.09 mg /
I). This substantially higher value of DO might be related to the abundance of yeasts in the water, which increased the
photosynthetic activity of the environment and led to the production of oxygen (Abdulrahman & Muhammad, 2012).

Although the levels of DO are within the adequate range for tilapia (ElI Sayed, 2020), the treatments with lower
stocking densities (15 and 25 fish per experiment unit) suggest a higher availability of oxygen to be used by the fish, seen that

at a lower density in a same volume of water, the use of oxygen in comparison to a denser environment (35 fish per unit) is
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lower. This result corroborate the study of Tucker et al. (1979), who observed a lower weight gain, survival and feed
conversion of catfish (Ictalurus punctatus), when the mean levels of DO in the morning were reduced from 4.5 to 2.1 mg / I,
due to an increased stocking density in the ponds.

In a study conducted by Ferreira et al. (2018), the authors supplied S. cerevisiae for tilapia reared in treated sludge and
observed a mean value of 1.98 + 0.51 mg / | of DO, which is considerably lower to the values observed in the present study.
Taoka et al. (2006a) reported improvements in the survival of fish and in water quality parameters such as pH, N-NH4, N-NO;
and P-PO4 when rearing Japanese sole (Paralichthys olivaceus) supplemented with several probiotics in their diet (Bacillus
subtilis at 1.6 x 107 CFU g-1; Lactobacillus acidophilus at 1.2 x 108 CFU g-1; Clostridium butyricum at 2.0 x 107 CFU g-1;
and S. cerevisiae at 1.6 x 107 CFU g-1). In another study, Taoka et al. (2006b) demonstrated the beneficial effects of S.
cerevisiae supplementation in immunological parameters of Nile tilapia, such as lysozyme activity, neutrophil migration and
plasma bactericidal activity, resulting in improved resistance to infection by Edwardsiella tarda.

The results obtained for the animals’ SGR corroborated with Lara-Flores et al. (2003), who included S. cerevisiae in
diets for Nile tilapia juveniles and verified a positive effect on SGR; however, regarding the other growth performance
parameters (MFW, AFC and survival), the results of that study are in discordance with the ones presented here. Conversely,
Oba et al. (2011) did not observe significant differences in the SGR of tambaqui (Colossoma macropomum) supplemented
with S. cerevisiae, while Asadi Rad et al. (2012) reported values (8.13+ 0.14%) that were similar to the present study (8.98 +
2.65%), when supplementing tilapia with 1% of the yeast.

When rearing tilapia in conditions similar to this study (0.1% S. cerevisiae and a sanitary challenge), Meurer et al.
(2007) did not observe any influence on FMW, survival and HSI of the animals; however, the probiotic’s inclusion efficiently
reduced the number of total coliforms in the water and in the animals’ intestines (Meurer et al., 2004). It was suggested that the
probiotic inclusion may have colonized the gastrointestinal tract of the fish and modified the local bacterial community. In
addition, Meurer et al. (2006) tested the yeast during the sex reversal stage and did not find improvements in the fish’s
performance.

When using 0.2% of S. cerevisiae yeast in diets for Nile tilapia juveniles, Schwarz et al. (2016) observed a higher
deposition of crude protein in the carcass, as well as a higher AFC and weight at 60 days, in comparison to the fish fed a diet
with an inclusion level of 0.4%, and the control. Assumpg¢éo (2011) provided diets supplemented with the same yeast (1%) to
tilapia reared in brackish water ponds during the sexual reversal stage and reported improved AFC and higher weight gain up
to 4 months of age, corroborating with Baccarin and Pezzato (2001), and Castro and Cervon (2004). Finally, in the study
developed by Sutthi and Thaimuangphol (2020), the authors fed Nile tilapia with a 0.5% inclusion level of S. cerevisiae and
observed a higher growth performance, body composition and better blood chemistry parameters in treatments where the fish
were reared in low salinity (0 and 5 ppt).

Meurer et al. (2009) also used S. cerevisiae at a concentration of 0.1% as a probiotic in diets for Nile tilapia; however,
those authors reported low values of HSI in animals supplemented with the yeast. This index indicates if the fish is using its
glycogen and lipids reserves (Young & Cech, 1994; Yogata & Oku, 2000), making a correlation between the animal’s
nutritional status and its growth rate (Busacker et al., 1990). Under adequate handling conditions, the animals’ performance is
scarcely influenced by probiotic supplementation (Lima et al., 2003), which is based on the lower probability of contact
between the animals and pathogenic microorganisms in these conditions (Loddi et al., 2000; Zuanon et al., 1998), as also
mentioned by Meurer et al. (2004). It is noteable that, although the animals in this study were maintained in high densities and
with a restrictive decreasing feeding rate, they were submitted to adequate conditions of feed management and hygiene. This

might justify the lack of clear improvements of the growth performance parameters, seen that the effect of the probiotic tends
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to be boosted when the animals are exposed to stress or extreme sanitary conditions (Lima et al., 2003; Macari & Furlan,
2005). Even though no significant effects (p > 0.05) were observed for the evaluated parameters (MFW, AFC, HSI and
survival), regardless of stocking density and presence of the probiotic, it was evident that no harms was caused to the animals
by the addition of the yeast.

Regarding the intestinal villi of animals, no significant differences (p > 0.05) were observed for the evaluated
parameters. In addition, no damages were observed in the intestinal mucosa, regardless of probiotic inclusion or stocking
density. According to Hisano et al. (2006), when supplementing Nile tilapia with intact yeasts of S. cerevisiae (2.0%),
beneficial intestinal morphological alterations are expected, such as an increased number of villi. These benefits occur due to
the presence of nucleotides and polysaccharides in the yeast’s cell wall, which have an important function in the differentiation
and growth of intestinal cells (Hisano et al., 2006). It is noteworthy that larger intestinal villi provide a higher absorptive area
in the mucosa, and as a consequence, benefits are observed, such as a higher rate of nutrients absorption (Cechim, 2013;
Hisano et al., 2006; Picoli et al., 2019).

When adopting an inclusion rate of 0.4% of yeast throughout an experimental period of 30 days (similar to the present
study), Cechim (2013) observed beneficial effects in the animals’ intestinal villi. Similar results were reported by Lima (2014),
who supplemented diets for yellowtail Astyanax altiparanae with S. cerevisiae, which has the capacity to adhere in the
bonding sites of enterocytes, and by means of competitive exclusion with pathogenic bacteria, it reduces their colonization in
the intestines (Noga, 1995; Macari & Furlan, 2005; Mello et al., 2013).

Despite all the benefits that yeasts can provide to the health of intestines, a 0.1% inclusion level of S. cerevisiae
during 35 days of experiment was not sufficient to positively alter the histomorphometry of intestines of supplemented fish,
even though it did not harm the animals. Different food additives have beneficial results in terms of fish intestinal morphology
(Schwarz et al., 2011; Lima, 2014; Honorato et al., 2014), with similar results in comparison to this study. For instance, studies
with Bacillus subtilis have also demonstrated increases in villi’s height and thickness of the intestinal epithelium (Mello et al.,
2013; Carvalho et al., 2011; Nakandakare et al., 2013). Mello et al. (2013) attributed the results to an inhibitory action of
probiotic bacteria on the multiplication of undesirable bacteria in the intestines, which leads to a higher integrity, digestibility
and absorption of nutrients.

The liver plays several functions in the organism, such as accumulating substances as energy reserves, especially in
the form of glycogen and lipids (Roberts, 2012; Wolf et al., 2015). Hepatocytes constitute the greatest share of the hepatic
parenchyma (Cavichiolo, 2009). In conditions where there is a lack of nutrients, these reserves are used and the volume of
these cells tend to reduce (Roberts, 2012; Wolf et al., 2015). In this study, an increased area of hepatocytes was observed (p <
0.05) at different stocking densities and probiotic inclusion levels, and an interaction was found between them (Table 4). This
suggests an excellent effect of the yeast on the hepatic function of supplemented animals, seen that the higher areas of
hepatocytes observed in the supplemented group at the lowest stocking density (15 animals per experimental unit), represented
higher energy stocks to be used. In addition, it was estimated that the animals in these conditions did not have any scarcity of
nutrients, which may justify the non-treated group at the densities of 25 and 35 fish per experimental unit. It was speculated
that stocking density might be related to a stressful factor for the fish, seen that this limitation could interfere in the amount and
quality of available nutrients on an individual level. This fact could justify the lower area of hepatocytes observed in treatments
where fish were cultivated in higher densities, which also showed the beneficial effect of S. cerevisiae in relation to the control,
where those effects were not observed.

Hassaan et al. (2018) observed an improved structure of hepatocytes when supplementing diets for Nile tilapia with 5
g kg-1 (0.05), 10 g kg-1 (0.1%) and 15 g kg-1 (1.5) of S. cerevisiae, in addition to reporting lower levels of alanine

10


http://dx.doi.org/10.33448/rsd-v10i16.23385

Research, Society and Development, v. 10, n. 16, e183101623385, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i16.23385

aminotransferase (ALT) and aspartate aminotransferase (AST). Jarmolowicz et al. (2012) also reported lower activities of AST
and ALT, which are hepatic enzymes liberated in the blood when hepatic cells are damaged, and its reduction might indicate
an improvement of the hepatic function (Metwally, 2009). Bombardelli et al (2010) observed an increased area of hepatocytes
with lipid deposition caused by a more energy-rich diet, which is common in diets containing high energy levels, since the
liver is responsible for storing excess energy (Wolf et al., 2015). It is suggested that an increased area of hepatocytes, and
consequently the hepatic energy reserve, as observed in this study, can be related to an increment of the nutrients use obtained
with the addition of S. cerevisiae, considering that this yeast has a high protein content and good digestibility for nutrients and
amino acids.

In addition, improvements in the digestibility of dry matter, crude protein, crude energy and most essential and non-
essential amino acids were also observed (Fuller, 1989; Lara-Flores et al., 2003; Hisano et al., 2008; Cornélio, 2009). In
accordance with this, Picoli et al. (2019) observed an increased area of hepatocytes and villi’s height when using bee pollen as
a feed additive for Nile tilapia. The authors justified those improvements due to the higher supply of nutrients to the fish,
especially regarding amino acids coming from the pollen, which supplemented the hepatic glycogen reserves. Campos et al.
(2008) suggested that such an increase can come from essential amino acids that are present in the composition of the pollen,

which after meeting the animal’s basic needs, were deposited in the liver as an energy reserve (Wolf et al., 2015).

5. Final Considerations

It is recommended to use a stocking density of 15 to 25 fish / m3 and the supplementation of 0.1% of S. cerevisiae as a
probiotic to improve hepatic health and water oxygenation in a water recirculation system of Nile tilapia (O. niloticus)
juveniles cultived in RAS. More studies are needed to elucidate the use of S. cerevisiae as a health promoter in Nile tilapia

diets.

Ethics approval

The experiment was approved by the Ethics Committee on Animal Use (CEUA-UNIBAVE), under protocol number
003/2018.

Conflicts of interest

The authors have no conflicts of interest to declare that are relevant to the content of this article.

References

Abdulrahman, N. M., & Muhammad, D. A. (2012). The effects of dry yeast levels on some water parameters. Iragi Journal of Veterinary Sciences, 36(1), 107-
119.

Asadi Rad, M., Zakeri, M., Yavari, V., & Mousavi, S. M. (2012). Effect of different levels of dietary supplementation of Saccharomyces cerevisiae on growth
performance, feed utilization and body biochemical composition of Nile tilapia (Oreochromis niloticus)Fingerlings. Journal of the Persian Gulf, 3, 15-24.

Assumpgdo, R. (2011). Histomorfometria intestinal de tilapias suplementadas com leveduras criadas em &guas salobras. Trabalho de Conclusao de Curso —
Fundagdo Herminio Ometto, Araras, 37p.

Baccarin, A. E., & Pezzato, L. E. (2001). Efeito da levedura desidratada de alcool em dietas para tilapia do Nilo. Pesquisa Agropecuaria Brasileira, 36(3),
549-556.

Bombardelli, R. A., Hayashi, C., Natali, M. R. M., Sanches, E. A., & Piana, P. A. (2010). Niveis de energia digestivel sobre desempenho reprodutivo e
zootécnico e a deposicéo de lipidios nos hepatdcitos de machos de tildpia-do-Nilo. Revista Brasileira de Zootecnia, 39(5), 941-949.

11


http://dx.doi.org/10.33448/rsd-v10i16.23385

Research, Society and Development, v. 10, n. 16, e183101623385, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i16.23385

Boscolo, W. R., Hayashi, C., Soares, C. M., Furuya, W. M., & Meurer, F. (2001). Desempenho e caracteristicas de carcaca de machos revertidos de tilapias do
Nilo (Oreochromis niloticus), linhagens tailandesa e comum, nas fases iniciais e de crescimento. Revista Brasileira de Zootecnia, 30(5), 1391-1396.

Busacker, G.P., Adelman, I. R., & Goolish, E.M. (1990). Growth In: Schreck, C.B. and Moyl, P.B. (Eds). Methods for fish biology. American Fishery Soc.,
USA, 363-387.

Butolo, J. E. (2001). Leveduras vivas e termolizadas na alimentagdo animal. In: Simpésio Sobre Ingredientes Alternativos Na Alimentagdo Animal, 2001,
Campinas. Anais... Campinas, p.191-198.

Campos, M. G. R., Bogdanov, S., Almeida-Muradian, L. B., Szczesna, T., Mancebo, Y., Frigerio, C., & Ferreira, F. (2008). Pollen composition and
standardisation of analytical methods. Journal of Apicultural Research, 47:154-161.

Carvalho, J. V., Lira, A. D., Costa, D. S. P., Moreira, E. L. T, Pinto, L. F. B., Abreu, R. D., & Albinati, R. C. B. (2011). Desempenho zootécnico e
morfometria intestinal de alevinos de tilapia-do-Nilo alimentados com Bacillus subtilis ou mananoligossacarideo. Revista Brasileira de Salde e Produgéo
Animal, 12:176-187.

Castro, C. A. S., & Cervon, M. F. (2004). Efecto del probidtico Saccharomyces cerevisiae em tilapia nilética (Oreochromis niloticus). al ser proposto como
promotor de crescimento. Redvet, 4(2), 1-13.

Cavichiolo, F. (2009). Histology: relevant tool for studies in cultured fish = Histologia: ferramenta relevante para estudos em peixes cultivados. p. 602-324. In:
Tavares Dias, M., ed. Management of Health and Safety in Fish Farming. EMBRAPA, Macapa, AP, Brazil.

Cechim, F. E. (2013). Caracteristicas morfoldgicas do epitélio intestinal e desempenho de tilapia do nilo Oreochromis niloticus suplementada com
mananoligossacarideo (MOS). Dissertagdo (Producdo Animal). Universidade Tecnolégica Federal do Parana — Campus Dois Vizinhos.

Conselho Nacional De Controle De Experimentagdo Animal = CONCEA. (2013). Diretriz Brasileira Para O Cuidado E A Utilizagdo De Animais Para Fins
Cientificos E Didaticos — DBCA. Brasilia, DF, 50 p.

Cormnélio, F. H. G. (2009). Avaliagdo da suplementagdo de dois probiéticos no desempenho zootécnico, digestibilidade de nutrientes e resisténcia a infeccéo
por patégeno em tilapias do Nilo (Oreochromis niloticus). Dissertacdo de mestrado. Universidade Federal de Santa Catarina.

Dharmaraj, S., & Dhevendaran, K. (2010). Evaluation of Streptomyces as a Probiotic Feed for the Growth of Ornamental Fish Xiphophorus helleri.
Technology and Biotechnology, 48(4), 497-504.

El-Sayed, A. F. M. (2020). Tilapia Culture. (2a ed.), Elsevier.
Food and Agriculture Organization = FAO. (2018). The State of World Fisheries and Aquaculture 2018 - Meeting the sustainable development goals. Rome.
Food and Agriculture Organization = FAO. (2020). The State of World Fisheries and Aquaculture 2020. Sustainability in action. Rome.

Ferreira, A. H. C., Lopes, J. B., Araripe, M. N. B. A., Monteiro, C. A. B., & Andrade, F. T. (2018). Avaliacdo do efeito da adigdo de probidtico na dieta de
alevinos e juvenis de tilapias-do-nilo (Oreochromis niloticus) criados em esgoto doméstico tratado. Eng Sanit Ambient., 23(4), 665-674.

Filipetto, J. E. S., Radiinz Neto, J. Silva, J. R. S. da., Lazzari, R. Pedron, F. A. & Veiverberg, C. A. (2005). Substituicdo de figado bovino por gliten de milho,
gluten de trigo e farelo de soja em ragdes para pds-larvas de piavas (Leporinus obtusidens). Ciéncia Rural, 35(1), 192-197.

Fuller, R. (1992). History and development of probiotics. In: Fuller, R. (Ed)., Probiotics: the Scientifc Basis. Champam and Hall, London, 1-8.
Gatesoupe, F. J. (1999). The use of probiotics in aquaculture. Aquaculture, 180: 147-165.

Gopalakannan, A., & Arul, V. (2010). Enhancement of the innate immune system and disease-resistant activity in Cyprinus carpio by oral administration of -
glucan and whole cell yeast. Aquaculture Research, 41:884-892.

Hassaan, M. S., Mahmoud, S. A., Jarmolowicz, S., El-Haroun, E. R., Mohammady, E. Y., & Davies, S. J. (2018). Effects of dietary baker’s yeast extract on
the growth, blood indices and histology of Nile tilapia (Oreochromis niloticus L.) fingerlings. Aquaculture Nutrition, 24(6), 709-1717.

Hayashi, C., Boscolo, W. R., Soares, C. M., & Meurer, F. (2002). Exigéncia de proteina digestivel para larvas de tilapia do Nilo (Oreochromis niloticus).,
durante a reversdo sexual. Revista Brasileira de Zootecnia, 31(2), 823-828.

Heidarieh, M., Mirvaghefi, A., Akbari, M., Farahmand, H., Sheikhzadeh, N., Shahbazfar, A. A., & Behgar. M. (2012). Effect of Ergosan in the diet on growth
performance, digestive enzymes, intestinal histology, hematological parameters and body composition of rainbow trout (Oncorhynchus mykiss). Fish
Physiology and Biochemistry, 38(4), 1169-1174.

Hisano, H. S., Maeli, D. P., Barros, M. M., & Pezatto, L. E. (2006). Whole yeast and its derivatives processing in diets for Nile tilapia: hematological and
histological aspects. Acta Scentiarum Animal Sciences. 28(4), 311-318.

Hisano, H., Sampaio, F. G., Barros, E., & Pezatto, L. E. (2008). Composi¢do nutricional e digestibilidade aparente da levedura integra, da levedura autolisada
e da parede celular pela tildpia-do-Nilo. Ciéncia Animal Brasileira, 9(1), 43-49.

Honorato, C. A., Cruz, C., Carneiro, D. J., Machado, M. R. F., Nascimento, C. A., & Saturnino, K. C. (2014). Histology and histochemical the medium
intestine in Nile tilapia (Oreochromis niloticus). fed diets with fish silage. Brazilian Journal of Veterinary Research and Animal Science, 48(4), 281-288.

Iwashita, M. K. P., Moro, G. V., & Nakandakare, . B. (2014). Incorporacéo de aditivos na racdo de peixes. Palmas: Embrapa, 4 p. (Embrapa. Circular
Técnica, 1).

12


http://dx.doi.org/10.33448/rsd-v10i16.23385

Research, Society and Development, v. 10, n. 16, e183101623385, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i16.23385

Jarmolowicz, S., Zakes, Z., Siwicki, A. K., Kowalska, A., Hopko, M., Glabski, E., Demska-Zakes, K., & Partyka, K. (2012). Effects of brewer’s yeast extract
on growth performance and health of juvenile pikeperch Sander lucioperca (L.). Aquaculture Nutrition, 18, 457-464.

Kim, K. W., Wang, W., Choi, S-M., Park, G-J., Koo, J-W., & Bai, S. C. (2003). No synergistic effects by the dietary supplementation of ascorbic acid,
atocopheryl acetate and selenium on the growth performance and challenge test of Edwardisiella tarda in fingerling Nile tilapia, Oreochromis niloticus.
Aquaculture Research, 34(12), 1055-1058.

Kirkan, S., Goksoy, E. O., & Kaya, E. (2003). Isolation and antimicrobial suscpetibility of Aeromonas salmonicida in rainbow trout (Oncorhynchus mykiss). in
Turkey hatchers farms. Journal of Veterinary Medicine., 50, 339-342.

Lara-Flores, M., Olvera-Novoa, M. A., Guzman-Méndez, B. E., & Lopez-Madrid, W. (2003). Use of the bacteria Streptococcus faecium and Lactobacillus
acidophilus, and the yeast Saccharomyces cerevisiae as growth promoters in Nile tilapia (Oreochromis niloticus). Aquaculture, 216(1-4), 193-201.

Lima, A. C. F., Pizauro Jr. J. M., Macari, M., & Malheiros, E. B. (2003). Efeito do uso de probidtico sobre o desempenho e atividade de enzimas digestivas de
frangos de corte. Revista Brasileira de Zootecnia, 32(1), 200-207.

Lima, F. W. (2014). Colonizagdo e morfometria intestinal de Lambaris-do-rabo-amarelo (Astyanax altiparanae) alimentados com dietas contendo levedura
(Saccharomyces cerevisiae) como probiético. Tese de Mestrado em Biologia Animal. Universidade Federal de Vicosa, Vigosa — Minas Gerais. 50p.

Loddi, M. M., Gonzales, E., Takita, T. S., Mendes, A. A., & Roga, R. O. (2000). Uso de probiético e antibidtico sobre o desempenho, o rendimento e a
qualidade de carcaca de frangos de corte. Rev. Bras. Zootec., 29, 1124-1131.

Macari, M., & Furlan, R. L. (2005). Probiéticos. Conferéncia Apinco 2005 de Ciéncia E Tecnologia Avicolas, Campinas, 2005, Anais... Campinas: FACTA, p.
53-71.

Marengoni, N. G. (2006). Produc&o de tilapia do Nilo Oreochromis niloticus (Linhagem Chitralada)., cultivada em tanque-rede, sob diferentes densidades de
estocagem. Archivos de Zootecnia, 55(210), 127-138.

Martinez Cruz, P., Ibafiez, A. L., Monroy Hermosillo, O. A., & Ramirez Saad, H. C. (2012). Use of probiotics in aquaculture. ISRN Microbiology, 1-13.

Matushima, E. R., & Mariano, M. (1996). Kinetics of the Inflammatory reaction induced by carrageenin in the swimbladder of Oreochromis niloticus (Nile
tilapia). Braz. J. vet. Res. anim. Sci., 33: 5-10.

Mello, H., Moraes, J. R. E., Niza, I. G., Moraes, F. R., Ozério, R. O. A., Shimada, M., Tie, E. F., Jair, R., & Claudiano, G. S. (2013). Efeitos benéficos de
probi6ticos no intestino de juvenis de Tilapia-do-Nilo. Pesquisa Veterinaria Brasileira, 33(6), 724-730.

Meurer, F., Hayashi, C., Boscolo, W. R., & Soares, C. M. (2002). Lipideos na alimentacéo de alevinos revertidos de tilapia do Nilo (Oreochromis niloticus L.).
Revista Brasileira de Zootecnia, 31(2), 566-573.

Meurer, F., Hayashi, C., & Boscolo, W. R. (2003). Digestibilidade aparente de alguns alimentos proteicos pela tilapia do Nilo (Oreochromis niloticus, L.).
Revista Brasileira de Zootecnia, v.32, n.6, p.1801-1809.

Meurer, F., Hayashi, C., & Costa, M. M. (2004). Uso da Saccharomyces cerevisiae como probiético para a tilapia do Nilo (Oreochromis niloticus). durante o
periodo de reversao sexual. In: Reunido Anual Da Sociedade Brasileira De Zootecnia, 41., 2004, Campo Grande. Anais... Campo Grande: Sociedade Brasileira
de Zootecnia.

Meurer, F., Hayashi, C., Costa, M. M., Mauerwerk, V. L., & Freccia, A. (2006). Utilizacdo de Saccharomyces cerevisiae como probi6tico para tilapias-do-nilo
durante o periodo de reverséo sexual submetidas a um desafio sanitario. R. Bras. Zootec., 35(5), 1881-1886.

Meurer, F., Hayashi, C. Costa, M. M. da., Freccia, A., & Mauerwerk, M. T. (2007). Saccharomyces cerevisiae como probiético para alevinos de tilapia-do-nilo
submetidos a desafio sanitério. R. Bras. Zootec., 36(5), 1219-1224.

Meurer, F., Hayashi, C., Costa, M. M., Mascioli, A. S., Saragiotto, L. M., & Freccia, A. (2008). Levedura como probiético na reversao sexual da tilapia-do-
Nilo. Revista Brasileira de Saude e Producdo Animal, 9:804-812.

Meurer, F., Silva, M. S., Costa, M. M., Colpini, L. M. S., & Mascioli A H (2009). Probiético com levedura na alimentagéo da tilapia do Nilo, durante o
periodo de reverséo sexual, cultivada em agua de tanque de cultivo. Revista Brasileira de Satde e Produgao Animal, 10:406-416.

Metwally, M. A. A. (2009). Effects of garlic (Allium sativum). on some antioxidant activities in Tilapia nil6tica (Oreochromis niloticus). World J Fish Mar Sci
, 1:56-64.

MPA - Ministério da Pesca e Aquicultura (2015). Plano de Desenvolvimento da Aquicultura Brasileira — 2015/2020. Brasilia/DF.
Myers, R. H. (1990). Classical and modern regression with applications. Duxbury Press, Belmont. 488p.

Nakandakare, I. B., lwashita, M. K. P., Dias, D. C., Tachibana, L., Ranzani-Paiva, M. J. T., & Romagosa, E. (2013). Incorporagéao de probidticos na dieta para
juvenis de tilapias do Nilo: parametros hematol6gicos, imunolégicos e microbioldgicos. Bol. Inst. Pesca, 39(2), 121 — 135.

Noga, E. J. (1995). Fish Disease. Diagnosis and Treatment. Mosby-Year Book, St Louis. 367p.
Nunes, C. S., & Cinsa, L. A. (2016). Principios do processamento histolégico de rotina. Revista Interdisciplinar de Estudos Experimentais, 8:31-40.

Oba, E. T., Corréa, R. O., Santos, J. S., Borges, M., Tostes, L. V., Marinho, R. G. B., Meyer, G., & Martins Junior, H. (2011). Efeitos Fisiolégicos Da
Utilizacdo De Probiético Na Alimentacdo De Tambaqui. Embrapa.

13


http://dx.doi.org/10.33448/rsd-v10i16.23385

Research, Society and Development, v. 10, n. 16, e183101623385, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i16.23385

PEIXEBR (2020). Anuério Brasileiro da Piscicultura PEIXE BR 2020. Sdo Paulo — Brasil.

Pardo-Gamboa, B. S., Quintero-Pinto, L. G., Pezzatto Silva, F. A., & Quintero-Pardo, A. C. (2011). Nutrientes digestiveis da Levedura (Saccharomyces
cerevisiae). Integra e Autolisada para Tilapia do Nilo (Oreochromis niloticus). Revista Vet. Zootec., 5(11), 26-38.

Pedrazzani, A. S, Molento, C. F. M., Carneiro, P. C. F., & Castilho, M. F. (2007). Senciéncia e bem-estar de peixes: uma visdo de futuro do mercado
consumidor. Panorama da Aquicultura, p. 24 — 29.

Picoli, F., Lopes, D. L. A., Zampar, A., Serafini, S., Freccia, A., Veronezi, L. O., Ghizzo, J., Kowalksi, M. W., & Emerenciano, M. G. C. (2019). Dietary bee
pollen affects hepatic—intestinal histomorphometry of Nile tilapia fingerlings. Aquaculture Research, p. 1-10.

Porubcan, R. S. (1991a). Reduction of ammonia nitrogen and nitrite in tanks of Penaeus monodon using floating biofilters containing processed diatomaceous
earth media pre-inoculated with nitrifying bacteria. Proceedings of the Program and Abstracts of the 22nd Annual Conference and Exposition; Puerto Rico,
Spain. World Aquaculture Society.

Porubcan, R. S. (1991b). Reduction in chemical oxygen demand and improvement in Penaeus monodon yield in ponds inoculated with aerobic Bacillus
bacteria. Proceedings of the Program and Abstracts of the 22nd Annual Conference and Exposition; Puerto Rico, Spain. World Aquaculture Society.

Prophet, E. B., Mills, B., Arrington, J. B., & Sobin, L. H. (1992). Laboratory Methods in Histotechnology. Armed Forces Institute of Pathology, Washington,
DC.279p

Quinn, G. P., & Keough, M. J. (2002). Experimental Design and Data Analysis for Biologists. Cambridge University Press, New York. 537p.

Reid, G., Jass, J., Sebulsky, M. T., & Mccormick, J. K. (2003). Potential uses of probiotics in clinical practice. Clinical Microbiology Reviews, 16(4), 658—
672.

Ribeiro, P. A. P. Melo, D. C., Costa, L. S., Teixeira, E. A. (2012). Manejo nutricional e alimentar de peixes de agua doce. 1. ed. Belo Horizonte: FEPMVZ, v.
1. 89p.

Roberts, R. J. (2012). Fish Pathology. Wiley-Blackwell, London, 583p.
Sampaio, I. B. M. (2010). Estatistica aplicada a experimentacdo animal, 3%d. Minas Gerais: FEPMVZ.

Schwarz, K. K. (2009). Mananoligossacarideo em Dietas para Larvas e Juvenis de Tilapia do Nilo. Tese (Doutorado em Zootecnia). Universidade Estadual de
Maringa. Centro de Ciéncias Agrarias. 75p.

Schwarz, K. K., Furuya, W. M., Natali, M. R. M., Michelato, M., & Gaudezi, M. C. (2010). Mananoligossacarideo em dietas para juvenis de tilapias do Nilo.
Acta Scientiarum - Animal Sciences, 32(2), 197-203.

Schwarz, K. K., Furuya, W. M., Natali, M. R. M., Gaudezi, M. C., & Lima, P. A. G. (2011). Mananoligossacarideo em dietas para larvas de tilapia. Revista
Brasileira de Zootecnia, 40(12), 2634-2640.

Schwarz, K. K., Nascimento, J. C., Gomes, V. A. A, Da Silva, C. H., Salvador, J. G., Fernandes, M. R., & Nunes, R. M. (2016). Desempenho zootécnico de
alevinos de tilapias do nilo (Oreochromis niloticus) alimentados com levedura de Saccharomyces cerevisiae. Holos, 32(3).

Sutthi, N., & Thaimuangphol, W. (2020). Effects of yeast (Saccharomyces cerevisiae). on growth performances, body composition and blood chemistry of
Nile tilapia (Oreochromis niloticus Linnaeus, 1758) under different salinity conditions. Iranian Journal of Fisheries Sciences. 19(3), 1428-1446.

Taoka, Y., Maeda, H. J. J. Y. Jo, J-Y., Jeon, M-J., Bai, S. C., Lee, W-L., Yuge, K. & Koshio, S. (2006a). Growth, stress tolerance and non-specific immune
response of Japanese flounder Paralichthys olivaceus to probiotics in a closed recirculating system. Fisheries Science. 72(2), 310-321.

Taoka Y, Maeda HJJ Y., Jo, J-Y., Kim, S-M., Park, S-1., Yoshikawa, T., & Sakata, T. (2006b). Use of live and dead probiotic cells in tilapia Oreochromis
niloticus. Fisheries Science., 72(4), 755-766.

Tessaro, L., Toledo, C. P. R., Neumann, G., Krause, R. A., Meurer, F., Natali, M. R. M., & Bombardelli, R. A. (2012). Growth and reproductive characteristics
of Rhamdia quelen males fed on different digestible energy levels in the reproductive phase. Aquaculture, 326:74-80.

Toledo, N., Ferrer, J., & Borguez, R. (2010). Drying and storage stability of a probiotic strain incorporated into a fish feed formulation. Drying technology,
28(4), 508-516.

Tucker, L., Boyd, C. E., & Mccoy, E. W. (1979). Effects of feeding rate on water quality, production of Channel Catfish, and economic returns. Transactions
of the American Fisheries Society, 108:389-396.

Zhou, X. X., Wang, Y. B., & Li, W. F. (2009). Effect of probiotic on larvae shrimp (Penaeus vannamei). based on water quality, survival rate and digestive
enzyme activities. Aquaculture, 287(3-4), 349-353.

Zuanon, J. A. S., Fonseca, J. B., Rostagno, H. S., & Silva, M. A. (1998). Desempenho de frangos de corte alimentados com ragfes contendo antibidtico e
probidtico adicionados isoladamente, associados e em uso seqiiencial. Rev. Bras. Zootec., 27:994-998.

Wang, Y. G., Lee, K. L., Najiah, M., Shariff, M., & Hassan, M. D. (2000). A new bacterial white spot syndrome (BWSS). in cultured tiger shrimp Penaeus
monodon and its comparison with white spot syndrome (WSS). caused by virus. Diseases of Aquatic Organisms, 41(1), 9-18.

Wang, Y. B., & Xu, Z. R. (2004). Probiotics treatment as method of biocontrol in aquaculture. Feed Research, 12:42-45.

14


http://dx.doi.org/10.33448/rsd-v10i16.23385

Research, Society and Development, v. 10, n. 16, e183101623385, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i16.23385

Wang, Y. B., Li, J. R., & Lin, J. (2008). Probiotics in aquaculture: challenges and outlook. Aquaculture, 281(1-4), 1-4.

Wolf, J., Baumgartner, W. A, Blazer, V. S., Camus, A. C., Engelhardt, J. A, Fournie, J. W., Frasca, S., Groman, D. B., Kent, M. L., Khoo, L. H., Law, J. M.,
Lombardi, E. D., Ruehlfehlert, C., Segner, H. E., Smith, S. A., Spitsbergen Weber, K., & Wolfe, M. J. (2015). Nonlesions, misdiagnosis, missed diagnosis, and
other interpretive challenges in fish histopathology studies: a guide for investigators, authors reviewers and readers. Toxicology Pathology, 43(3), 297-325.

Yin, G., Ardo, L., Jeney, Z., Xu, P. & Jeney, G.. (2008). Chinese herbs (Lonicera japonica and Ganoderma lucidum). enhance nonspecific immune response
of tilapia, Oreochromis niloticus, and protection against Aeromonas hydrophila. p. 269-282. In Bondad- Reantaso, M.G., Mohan, C.V., Crumlish, M. and
Subasinghe, R.P. (eds.). Diseases in Asian Aquaculture VI. Fish Health Section, Asian Fisheries Society, Manila, Philippines.

Yogata, H., & Oku, H. (2000). The effects of swimming exercise on growth and whole-body protein and fat contents of fed and unfed fingerling yellowtail.
Fisheries science, 66:1100-1105.

Young, P. S., Cech Jr., J. J. (1994). Effects of different exercise conditioning velocities on the energy reserves and swimming stress responses in young-of-the-
year striped bass (Morone saxatilis). Can. J. Fish. Aquat. Sci., 51: 1528-1534.

15


http://dx.doi.org/10.33448/rsd-v10i16.23385

